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Abstract 

Schizophrenia spectrum disorders are debilitating conditions which cause adverse 

consequences for people with the disorder, their relatives, and general society. Impairments in 

social cognition, especially in emotion processing, have been found to be a primary determinant 

of poor community functioning. Cognitive remediation can reduce social cognitive dysfunction 

when it is provided early in illness progression and individually tailored. Nonetheless, current 

diagnostic methods for schizophrenia spectrum disorders, such as clinical interviews, are not 

entirely reliable, can be impractical, and often depend upon the progression of symptoms to 

ensure accuracy. Functional near-infrared spectroscopy (fNIRS) is an emerging neuroimaging 

technique that may be applied to identify biomarkers of emotion processing impairment in the 

early stages of schizophrenia. fNIRS overcomes many limitations of current assessment 

methods, is practically advantageous compared to alternative neuroimaging techniques, and is 

well suited for measuring parts of the prefrontal cortex (PFC), a region established in the 

cognitive processing of emotion. Nonetheless, before fNIRS can be considered for use in 

practice, its capacity to reliably detect activation during emotion processing and distinguish 

between high and low schizotypy needs to be evaluated. This thesis aims to determine the 

capacity of fNIRS for detecting prefrontal activation during emotion processing and identify 

differences in activation between people with high and low schizotypy. 

A systematic review was conducted as the first study to evaluate the capacity of fNIRS to 

detect activation during emotion processing among healthy young adults. After a comprehensive 

literature search, 85 journal articles which compared activation during emotional experience, 

regulation, or perception with either a neutral condition or baseline period were reviewed. Owing 

to the lack of standardisation between studies, the synthesis of outcomes was limited to 
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thematical analysis. Although most studies found increased prefrontal activity during emotional 

experience and regulation, the findings were more inconsistent for emotion perception. Some 

researchers reported increased activity during the task, some reported decreases, some reported 

no significant changes, and some reported mixed findings, depending on the emotional valence 

and brain region. Variations in the cognitive task and stimuli, recruited sample, and measurement 

and analysis of data are suggested as the primary causes of inconsistency. It is concluded that 

further research is needed to investigate the causes of inconsistency and better determine the 

capacity of fNIRS using larger samples. 

The second study aimed to provide an experimental test of the capacity of fNIRS for 

detecting prefrontal activation during emotional processing, as well as determining the 

relationships between stimulus intensity and gender on prefrontal activity. Eighty healthy young 

adults undertook a facial-emotion recognition task and an emotional experience/regulation task 

while their prefrontal activity was measured using fNIRS. The results showed hypoactivation in 

the mPFC during emotional perception, hyperactivation in the right vlPFC during emotional 

regulation of negative stimuli, and no significant differences in O2Hb during emotional 

experience. Negatively valanced and ambiguous stimuli were also found to elicit the greatest 

change in activation, especially among female participants. These findings established the 

capacity of the fNIRS for detecting prefrontal changes during emotional processing which may 

have implications for the diagnosis and treatment of psychological disorders characterized by 

emotional processing impairments. 

The third study aimed to elucidate the association between prefrontal activation patterns 

during emotion processing tasks as measured by fNIRS and schizotypal traits assessed with the 

Schizotypal Personality Questionnaire – Brief Revised Updated (SPQ-BRU). The eighty healthy 
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young adults from study 2 were split by the median of the total SPQ score (median = 2.44) into 

high (n = 40) and low (n = 40) schizotypy groups. Participants were required to recognize 

emotional facial expressions and cognitively reappraise/experience emotion-inducing images 

while their prefrontal activation was measured using fNIRS. The high SPQ group showed greater 

deactivation in the mPFC during emotion perception and less activation in the left lateral PFC 

during emotional regulation of positive stimuli. These findings help establish the capacity of the 

fNIRS for detecting differences in prefrontal activation during emotional perception and 

regulation between people with high and low schizotypy.  

In summary, the findings presented in this thesis have contributed to the understanding of 

how fNIRS can be used to study emotional processing and have implications for theory, clinical 

practice, and future research. From a clinical perspective, the results highlight several candidate 

biomarkers which may have utility for diagnosis and the evaluation of intervention effectiveness 

or treatment monitoring. Although fNIRS has been proposed as a potential tool for biomarker 

detection, the findings presented in this thesis suggest that there is significant variability between 

individuals, and this might preclude it for such a purpose. Several recommendations for future 

research can be drawn from this thesis, including the need for studies to recruit larger and more 

representative samples, to incorporate a greater diversity of stimuli, and to include both neutral 

control and resting baseline conditions. Future research should also address current issues within 

the field, including a lack of methodological standardisation, anatomical variability, and 

technical limitations with fNIRS systems.  
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Chapter 1: Thesis Overview 

Schizophrenia spectrum disorders are among the most impairing forms of 

psychopathology with profound adverse consequences for people with the conditions, their 

relatives, and general society. Studies have found that social cognitive impairments, especially 

deficits in emotional processing, are the primary determinant of poor community functioning 

outcomes (Horan et al.,2018; Javed et al., 2018). Researchers suggests that, when provided 

earlier in illness progression and tailored to the individual, cognitive remediation can help to 

reduce social cognitive dysfunction and improve community functioning (Deste et al., 2019). 

Thus, the early and accurate diagnosis of schizophrenia spectrum disorders is important to 

facilitate treatment outcomes. Nonetheless, current diagnostic methods for schizophrenia 

spectrum disorders, such as clinical interviews, are not entirely reliable, can be impracical, and 

often depend upon the progression of symptoms to ensure accuracy (Parnas et al., 2005). 

Functional near-infrared spectroscopy (fNIRS) has been proposed as a potential assessment tool 

for identifying biomarkers of emotion processing impairment in the early stages of 

schizophrenia. fNIRS overcomes many of the limitations imposed by current assessment 

methods, is practically advantageous compared to alternative neuroimaging techniques, and is 

well suited for measuring the prefrontal cortex (PFC), a region well established in the cognitive 

processing of emotion.  

The overall aim of this thesis was to determine the capacity of fNIRS for detecting 

prefrontal activation during emotion processing and identify differences in activation between 

people with high and low schizotypy. The current thesis was divided into three studies, each of 

which had a primary aim. The first was to evaluate the current state of the literature on the 

capacity of fNIRS to detect neural activation during emotion processing among healthy 
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individuals, as well as provide recommendations for future research. The second aim was to 

better establish the capacity of fNIRS for detecting prefrontal activation during emotion 

processing by using a relatively large sample of healthy adults and including a diverse array of 

emotional stimuli. Finally, the third aim was to elucidate the association between schizotypal 

traits assessed using the Schizotypal Personality Questionnaire (SPQ) and prefrontal activation 

patterns during emotion processing tasks as measured by fNIRS. The ensuing paragraphs outline 

the sequence of chapters in this thesis.  

Chapter 2 provides a general overview of schizophrenia spectrum disorders, including 

theoretical models, aetiology, epidemiology, symptomology, and treatments. The concept of 

schizotypy is introduced using three conceptual models. Evidence of the underlying genetic, 

neurobiological and psychosocial causes are described and incorporated into a 

neurodevelopmental framework. The cognitive-perceptual, interpersonal, and disorganised 

symptoms of schizophrenia spectrum disorders are presented, whereby social cognitive 

impairments are identified as having a major detriment on community functioning (Bora & 

Pantelis, 2013; Savla et al., 2013). Finally, pharmacological and psychosocial treatments are 

outlined. It is established that, unlike positive symptoms, negative symptoms cannot be easily 

treated using antipsychotic medications, and thus need to be targeted using psychosocial 

interventions. 

Cognitive impairments are explored further in Chapter 3, whereby social cognition is 

argued to be the main predictor of community functioning. The ontology of social cognition is 

outlined, and the domain of emotion processing is highlighted as a core deficit in schizotypy. 

Chapter 3 proceeds to examine the three subdomains of emotion processing: experience, 

regulations and perception. Theorical models are presented to provide a framework for each 
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domain, the neural substrates are outlined, and any differences between people with 

schizophrenia spectrum disorders and healthy controls are discussed. A recurrent point 

throughout is that there are behavioural and physiological abnormalities among those with higher 

schizotypy which may serve as useful indicators for diagnostic and treatment purposes. 

Focus narrows in Chapter 4, in which social cognitive remediation is proposed as a 

promising approach to improving emotional impairments and, by extension, community 

functioning. It is suggested that treatment is most effective when provided early in illness 

progression and tailored to the specific needs of the patient. Chapter 4 is themed around the use 

of neurological biomarkers for diagnostic, prognostic or theranostic purposes. As such, 

neuroimaging is explored for biomarker detection and treatment monitoring. The strengths and 

limitations of various neuroimaging techniques are discussed, and fNIRS is proposed as a 

suitable candidate for detecting biomarkers of emotional impairments owing to its high 

ecological validity and suitability for measuring the prefrontal cortex. Towards the end of this 

chapter, previous studies using fNIRS to investigate emotion processing in schizophrenia 

spectrum disorders are reviewed.  

Before fNIRS can be considered for use in clinical practice, its capacity to reliably detect 

biomarkers of emotional processes first need to be evaluated (Manelis et al., 2019). A plethora of 

studies have examined the ability of fNIRS for detecting neural activation during emotion 

processing in healthy populations. Nonetheless, findings between studies are often inconsistent 

and difficult to interpret in isolation. As such, Chapter 5 (Study 1) presents a systematic review 

of existing fNIRS studies investigating O2Hb changes during emotional experience, emotional 

regulation, and emotional perception among healthy participants. Several candidate biomarkers 

are identified, but findings are inconsistent between the reviewed studies. Heterogeneities in the 
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cognitive tasks, recruited samples, and methods for measuring and analysing fNIRS data are 

investigated as the potential source of inconsistency (Stuhrmann et al., 2011; Wolf et al., 2016). 

Considerable variability exists in the experimental designs and analysis techniques used 

by fNIRS researchers, making it difficult to interpret data or replicate findings. Three pilot 

studies are presented in Chapter 6 to better our understanding of the effects of different analysis 

choices and to optimise the signal-processing procedure. The aim of these pilot investigations 

was to test and refine block-based experimental designs of various durations to reliably measure 

prefrontal activation during emotion processing using fNIRS. An approach was identified that 

enabled a compromise between the needs of the task and the capacity of fNIRS by presenting 

stimuli fast enough to keep the participants continuously engaged while also sustained enough 

for the fNIRS system to detect the hemodynamic response. This design is subsequently 

employed on a larger study presented in Chapter 7. 

Chapter 7 (Study 2) aims to better establish the capacity of fNIRS for detecting prefrontal 

activation during emotion processing by using a relatively large sample of healthy adults and 

including a diverse array of emotional stimuli. A sample of healthy young adults (n = 80) were 

administered two emotion processing tasks while their prefrontal brain activity was measured 

using fNIRS. The first assessed the recognition of emotional facial expression, and the second 

examined the experience and regulation of emotion-invoking pictures. The findings highlight 

promising biomarker candidates as well as highlighting the impact of the emotional intensity of 

stimuli and gender of the participants on prefrontal activation during emotion processing.  

For a biomarker to be practically useful, it must be able to distinguish between high and 

low risk individuals with an acceptable level of sensitivity, specificity, and predictive value 

(Kraemer et al., 2002; Kraguljac et al., 2021). Therefore, Chapter 8 (Study 3) expands on Study 2 
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by elucidating the association between schizotypal traits, as assessed using the Schizotypal 

Personality Questionnaire (SPQ), and prefrontal activation patterns during emotion processing 

tasks as measured by fNIRS. The healthy young adults from Study 2 are split by a median of the 

total SPQ score (median = 2.44) into high (n = 40) and low (n = 40) schizotypy groups. The 

participants undertake two emotion processing tasks while their prefrontal activation is recorded 

using fNIRS. 

Finally, Chapter 9 amalgamates the findings from the aforementioned studies to provide 

an overall discussion of the of the research questions. The implications of the current findings on 

our theoretical understanding, clinical practice, and future research are discussed. Statistical and 

methodological limitations of the current research are discussed, and directions for future studies 

are provided.  
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Chapter 2: The Aetiology, Epidemiology, and Symptomatology of Schizophrenia Spectrum 

Disorders 

Affecting about 1% of the population, schizophrenia is one of the most debilitating 

psychiatric disorders in the world, causing numerous adverse consequences for people with the 

disorder, their relatives and society in general (McGrath et al., 2008; Modinos et al., 2009). At an 

individual-level, people with schizophrenia have to contend with reduced cognitive functioning, 

impaired social competence, and poor quality of life (Green & Harvey, 2014; Green et al., 2012; 

Green et al., 2000). Schizophrenia is associated with an approximate 80% reduction in 

employment rates and 30% less living independence; therefore, direct expenditure on healthcare 

and indirect costs from loss of work productivity both contribute to the broader societal burden 

(Ettinger et al., 2014; Green et al., 2015; Pu et al., 2017; World Health Organisation, 2008). 

Models of Schizotypy 

Dating back to the early 20th century, psychosis-like personality traits resembling the 

signs and symptoms of schizophrenia have been observed in otherwise healthy members of the 

population (Bleuler & Bleuler, 1986). The term schizotypy was coined to reflect this set of 

inherited and temporally stable traits (Ettinger et al., 2014; Green, Penn, et al., 2008; Hori et al., 

2008). Although little is known about the transition from schizotypy to schizophrenia and the 

extent to which they share aetiological factors is unknown, several longitudinal studies have 

ascertained an elevated risk of schizophrenia development among young adults with high 

schizotypic traits (Debbané et al., 2015; Fanous et al., 2001; Kwapil et al., 2013; Racioppi et al., 

2018). Although there is consensus that schizotypy is a multifaceted concept characterised by a 

combination of traits, including social withdrawal and affective dysregulation, there remains a 

lack of conceptual clarity about the nature of schizotypy and its relationship to schizophrenia 
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(Grant et al., 2018). The schizotypy construct can be interpreted as the behavioural dimension 

present in the general healthy population, a threshold where behaviour is qualified as part of the 

pathological clinical phenotype, or a combination of the two (Modenato & Draganski, 2015). 

Three theoretical models of schizotypy have been proposed: 1) Meehlian’s Quasi-dimensional 

Model, 2) Eysenckian Dimensional Model, and 3) Claridge’s Fully Dimensional Model.  

Meehlian’s Quasi-dimensional Model postulates that roughly 10% of the population is 

vulnerable to psychosis owing to interactions between an inherited disposition and 

environmental factors (Modenato & Draganski, 2015). According to Meehl (1962), schizotypic 

traits simply reflect a less explicitly expressed manifestation of schizophrenia and are indicative 

of a higher likelihood of transition to clinical psychosis. Meehl proposed that a “schizogene” 

leads to schizotaxia, an integrative neural defect for predisposition to schizophrenia, which could 

result in “schizotypal personality organisation” given certain environmental exposures and 

genetically determined personality dimensions (Grant et al., 2018). Meehl suggests that only 

schizotaxia is inherited, which habitually leads to the progression of schizotypy and occasionally 

leads to schizophrenia owing to other genes and environmental exposures (Modenato & 

Draganski, 2015). Based on the epidemiology of schizophrenia, Meehl estimated that, of the 

10% of the population with schizotypy, 90% would remain asymptomatic or express subclinical 

symptoms (Grant et al., 2018). Meehl’s model allows for phenotypic variations of severity along 

a continuum but places the entire continuum in the realm of illness (Mason, 2014). Therefore, 

schizotypy is either present or it is not present, but those with schizotypy vary with regards to 

symptom severity (Grant et al., 2018). Meehl’s model represents a quasi-dimensional approach 

because of the proposed clear separation between the healthy and schizotaxic brain (Green, 

Boyle, et al., 2008). 
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Eysenchian’s Dimensional Model postulates that psychotic illnesses like schizophrenia 

fall on the extreme end of a continuous schizotypy spectrum (Eysenck & Barrett, 1993). Thus, a 

natural continuum exists between individuals with low and high levels of schizotypy. Eysenck 

proposed that the primary dimensions of personality were genetically and environmental based 

and expressed through biological functions, such as neurotransmitters and hormones (Grant et 

al., 2018). Contrasting the Meehlian Model, the Eysenckian model assumes complete 

dimensionality of schizophrenia liability and that there cannot be a single “pure dimension of 

schizotypy” (Eysenck & Barrett, 1993). According to Eysenck’s model, schizophrenia is a 

monotonic function of the personality dimension of Psychoticism, whereby high Psychoticism 

represents schizophrenia and individual difference are the result of variations in separate 

dimensions, including extraversion and neuroticism (Grant et al., 2018). Those who score highly 

on psychometric scales of schizotypy usually partially fulfil the diagnostic criteria for 

schizophrenia spectrum disorders, providing support for Eysenck’s approach (Ettinger et al., 

2015). Furthermore, results of factor analyses have revealed that schizotypic traits can be divided 

into similar domains of symptoms compared to schizophrenia (Green et al., 2015; Modenato & 

Draganski, 2015). 

Claridge’s Fully Dimensional Model can be characterised as a hybrid approach between 

the quasi-dimensional and dimensional models, both the personality traits of schizotypy and the 

clinical illness processes form independent, yet related continuums. According to Claridge, 

schizotypy is regarded as a dimension of enduring personality traits, normally distributed among 

the population, while schizophrenia forms a second distinct continuum reflecting a break down 

in normal processing (Claridge, 1997). The second continuum reflects the illness end of the 

spectrum and ranges from schizotypal personality disorder to chronic schizophrenia. Claridge’s 
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Model spans a multidimensional set of personality traits which can be loosely mapped to the 

symptoms of positive, negative and cognitive/disorganized symptoms of schizophrenia spectrum 

disorders (Grant et al., 2018). The underlying schizotypy traits are proposed to vary along 

continuous dimensions in the general population, and although they are a necessary condition for 

the development of schizophrenia, they are not sufficient, as the transition to illness is influenced 

by a wide range of generic, environmental, biological, and psychological factors. Therefore, it is 

possible for people to score highly on some dimensions of schizotypy, while scoring below 

average on others, a phenomenon referred to as “happy” or “benign” schizotypy (Jackson, 1997; 

McCreery, 1997). Research seems to suggest that those who score very high on measures of 

positive schizotypy tend to be below average on negative and cognitive/disorganized schizotypy, 

and rarely progress to schizophrenia (Hatzimanolis et al., 2018; Mohr & Claridge, 2015). 

Conversely, studies have found that the healthy offspring of patients with schizophrenia tend to 

have high negative and cognitive/disorganized schizotypal traits, but below-average positive 

schizotypy (Tarbox & Pogue-Geile, 2011). Therefore, the presence of positive symptoms alone is 

indicative of “benign/happy” schizotypy, while the co-occurrence of high scores in all domains is 

predictive of schizophrenia (Kwapil et al., 2013; Mason et al., 2004). 

Meehl’s, Eysenck’s, and Claridge’s continuum models of risk for psychosis spectrum 

disorders can be found in Figure 2.1. These models are mapped on two axes representing the 

spectrums of health-illness and psychosis-mood. The Meehlian’s model is represented by the 

solid line and demonstrates the discrete continuum of schizotypy representing the 10% of the 

general population with an illness and high schizotypy risk. The Eysenchian’s model, represented 

by the dotted-and-dashed line, shows that schizophrenia falls on the high end of a monotonic 

Psychoticism dimension and that individual differences in symptom expression are the result of 
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variations in an independent psychosis-mood dimension. Claridge’s model, presented with the 

dashed line, demonstrates that schizotypy is normally distributed among the general population, 

with the potential for schizophrenia at the high end of the health-illness spectrum. Similar to 

Eysenck’s model, Claridge proposes that variance within the schizotypic spectrum can be 

explained by other dimensions of personality, including extraversion and neuroticism. 

Figure 2.1. Meehl’s, Eysenck’s, and Claridge’s continuum models of risk for psychosis spectrum 

disorders adapted from Grant et al. (2018).  

Distinguishing between these different models is necessary to ensure researchers clarify 

the meaning of schizotypy and select appropriate instruments for measurement of the construct. 

Researchers should clearly articulate which framework they are using and how they are defining 

the concept of schizotypy to ensure the adequacy of the population and measurement inventories. 

With multiple measures now available to psychometrically assess schizotypy, the importance of 

clarifying these matter cannot be understated, as the different theoretical backgrounds from 

Image Redacted
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which these scales arose are highly relevant to their interpretation (Grant et al., 2018). For 

example, studies adopting the quasi-dimensional approach would benefit from using the SPQ as 

it has a “Disorganized” dimension which is more closely related to eccentricity, while studies 

utilising the fully-dimensional model would benefit from using the O-LIFE as it has a scale of 

“Cognitive Disorganisation” that is more closely related to cognitive slippage or formal thought 

disorder (Grant et al., 2018; Raine, 1991; Stefanis et al., 2004). The current thesis adopts 

Claridge’s fully-dimensional model as a framework for defining the construct of schizotypy 

owing to the clear boundary proposed between health and illness. Thus, healthy individuals are 

positioned along a subclinical continuum ranging from low to high schizotypic traits. 

Aetiology 

Schizophrenia and schizotypy seemingly have substantial overlap with regards to genetic, 

neurobiological, and psychosocial aetiology (Ayano, 2016; Barrantes-Vidal et al., 2015). 

Nonetheless, most research on aetiology, to date, has focused on the clinical end of the spectrum. 

For example, advanced parental age, elevated stress hormones, low birth weight, antenatal 

maternal viral infections, and cannabis usage have all been found to be potential risk factors for 

schizophrenia (Barrantes-Vidal et al., 2015). Furthermore, there is substantial evidence to link a 

range of psychosocial environmental factors, including urbanicity, poverty, ethnic minority, poor 

parenting, childhood abuse, and bullying, with the development of schizophrenia spectrum 

disorders (Barrantes-Vidal et al., 2015; Brown, 2011; van Os et al., 2010). As a precursor for 

schizophrenia, research into the aetiology of schizotypic traits among otherwise healthy 

individuals is particularly advantageous for understanding the development of schizophrenia 

spectrum disorders (Barrantes-Vidal et al., 2015). 
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Heritability studies suggest that up to 50% of schizotypic variance is caused by genetics 

(Barrantes-Vidal et al., 2015; Ericson et al., 2011). Twin studies have found concordance rates of 

approximately 10% for dizygotice twins and 40-50% for monozygotic twins (Ayano, 2016). 

Furthermore, if both parents have schizophrenia, there is a 40% chance their child will also be 

diagnosed with the condition, and that 10% of patients with schizophrenia have a first-degree 

relative with the same diagnosis (Ayano, 2016). Genetic studies have provided evidence for nine 

linkage sites: 1q, 5q, 6p, 6q, 8p, 10p, 13q, 15q, and 22q (Ayano, 2016). Researchers have 

identified several candidate genes associated with schizotypic traits, including DRD2, SLCA3, 

MAOA, and most importantly the rs4680 single nucleotide polymorphism of COMT, that play 

an important role in influencing dopaminergic neurotransmission (Barrantes-Vidal et al., 2015; 

Grant et al., 2013). Several studies have also searched for abnormalities in neurodevelopmental 

genes, finding that disruptions in the DISC1, NRG1, DTNBP1, KCNH2, AKT1, and RGS4 

genes are associated with schizophrenia, albeit with significant variability between studies 

(Corvin et al., 2004; Hennah et al., 2009; Huffaker et al., 2009; Kirov et al., 2004; Shifman et al., 

2002; Steinberg et al., 2011; Williams et al., 2011). 

Several neurotransmitters are involved in the pathogenesis of schizophrenia spectrum 

disorders, including dopamine, serotonin, norepinephrine, GABA and glutamate (Chan, 2001; 

Jones & Pilowsky, 2002; Konradi & Heckers, 2003). The dopamine hypothesis has been one of 

the most enduring neurobiologically influences on schizotypic tendencies (Howes & Kapur, 

2009). According to the dopamine hypothesis, the symptoms of schizophrenia spectrum 

disorders are exacerbated by subcortical hyperdopaminergia with prefrontal hypodopaminergia 

(Howes & Kapur, 2009). The dopamine hypothesis of schizophrenia is based on two common 

observations: 1) psychotic symptoms can be reduced using phenothiazines (drugs which block 
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dopamine function), 2) schizotypic symptoms can be exacerbated, and paranoid psychosis 

induced, by amphetamines which increase dopamine release. Evidence of abnormally low levels 

of glutamate receptors found in the post-mortem brains of schizophrenia patients provides 

evidence for the Glutamate hypothesis, which suggests that reduced function of the NMDA 

glutamate receptor is also implicated in the pathophysiology of schizophrenia (Konradi & 

Heckers, 2003). The serotonin hypothesis has also been implicated in schizophrenia, as excessive 

serotonin has been found to cause positive and negative symptoms (Sadock et al., 2009). Finally, 

Gamma-Aminobutyric Acid (GABA) and norepinephrine have also been implicated in the 

symptoms of schizophrenia, with the loss of inhibitory GABAergic neurons leading to the 

hyperactivity of dopaminergic neurons, and selective neuronal degeneration within the 

norepinephrine reward neural system often leading to anhedonia (Jones & Pilowsky, 2002). 

Most of the published studies on the neurobiological basis of schizotypy are consistent 

with the structural and functional changes observed in schizophrenia. Structural imaging studies 

have found correlations between schizotypy and reduced grey matter in the medial prefrontal 

cortex (mPFC), orbitofrontal cortex (OFC), thalamus, superior temporal sulcus (STS), insula, 

superior temporal gyrus, right anterior cingulate cortex (ACC), and various other regions of the 

temporal lobe (Ettinger et al., 2012; Glahn et al., 2008; Hooker et al., 2011; Kawasaki et al., 

2004; Modinos et al., 2009; Pomarol-Clotet et al., 2010; Raine, 2006; Siever & Davis, 2004), and 

increased volume in the medial posterior cingulate cortex and precuneus (Kühn et al.; Modinos 

et al., 2009). Functional neuroimaging suggests that schizotypal personality traits are associated 

with abnormal neural activity in the PFC, ACC, medial temporal lobe, and inferior parietal lobe 

during cognitive tasks (Fervaha & Remington, 2013; Fornito et al., 2009; Glahn et al., 2005; 

Pomarol-Clotet et al., 2010; Pomarol-Clotet et al., 2008). Furthermore, evidence indicates 
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atypical hemispheric laterality among higher schizotypy individuals, namely preserved activation 

in the right hemisphere and impaired left hemispheric function, which helps to explain the higher 

level of creativity among individuals with schizotypal personality (Folley & Park, 2005; Hori et 

al., 2008; Weinstein & Graves, 2001; Weinstein & Graves, 2002). 

Many neuroimaging studies have identified the PFC, especially the mPFC, as the most 

prominent region of abnormality in schizophrenia spectrum disorders (Honea et al., 2005; 

Pomarol-Clotet et al., 2010; Raine, 2006; Williams, 2008). Although many studies have 

identified decreased activity in the PFC in people with schizophrenia spectrum disorders 

compared to healthy controls (Hill et al., 2004; Pomarol-Clotet et al., 2010), other studies have 

documented increased activation in the PFC during cognitive tasks such as working memory 

(Callicott et al., 2003; Platek et al., 2005; Pomarol-Clotet et al., 2010; Tan et al., 2006). A 

number of interpretations have been proposed to explain these conflicting findings. One of the 

leading justifications is that people with cognitive impairments have to ‘work harder’ to meet the 

demands of a cognitive task, resulting in compensatory brain activity which is greater or wider 

than in healthy controls (Callicott et al., 2003; Pomarol-Clotet et al., 2010; Tan et al., 2007). 

Another more recent interpretation is that the mPFC is part of the default mode network, a series 

of interconnected regions which are highly active at rest and become deactivated during 

performance of cognitive tasks (Raichle et al., 2001). Based on this perspective, increased 

activity in the mPFC in individuals with schizophrenia spectrum disorders represents a failure of 

deactivation (Pomarol-Clotet et al., 2008). 

According to Ruiz and associates (2013), structural and functional abnormalities alone 

are not sufficient to explain impairments associated with schizophrenia spectrum disorders. 

Instead, Ruiz and colleagues advocate for the abnormal neural connectivity hypothesis which 
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suggests that cognitive impairments arise from a failure to integrate neural activity between local 

and distributed circuits (Ruiz et al., 2013). Accumulating evidence from neuroimaging studies 

suggests that schizophrenia spectrum disorders are centralised around abnormal connectivity 

between the PFC and several other brain regions, including the hippocampal formation, 

thalamus, cerebellum, cingulate cortex, limbic region, and other areas of the temporal and 

parietal lobes. Studies have repeatedly found that communication and coordination failures 

involving the PFC and limbic regions are associated with a wide range of schizophrenia 

spectrum disturbances, including psychosis, emotional processing impairment, and cognitive 

dysfunction. For example, Das et al, (2007) examined neural connectivity in schizophrenia 

patients during an affect perception task and found that healthy controls demonstrated 

contradictory patterns of connectivity between the amygdala and both the visual cortex and ACC, 

compared to the patients with schizophrenia. 

Raine (2006) developed a biosocial, neurodevelopmental model of schizotypal 

personality (BNMSP). The BNMSP integrates the neurobiological, psychosocial and genetic 

etiological underpinnings, brain abnormalities and neural disconnectivity, three dimensions of 

schizotypal symptoms, and two forms of schizotypy. According to the BNMSP, schizotypy is a 

neurodevelopmental brain disorder originating from various genetic and environmental 

influences, which directly and indirectly cause structural brain changes and functional 

dysfunction in the frontal, temporal, and limbic regions of the brain. Specific gene variations, 

including COMT and FMR-1, and early prenatal environment processes, including advanced 

parental age and maternal viral infection, contribute to an individual predisposition to 

neurodevelopment dysfunction, while postnatal environmental influences, including abuse, poor 

parenting, and cannabis usage, lead to further brain impairment. The BNMSP suggests that the 





      44 

Epidemiology 

Schizophrenia spectrum disorders constitute the fifth leading cause of disability 

worldwide (World Health Organisation, 2012). Typically with an onset in late adolescence or 

early adulthood, the lifetime prevalence of schizophrenia has often been estimated at just under 

1% of the global population (American Psychiatric Association, 2013). Nonetheless, a systematic 

review of 188 studies and found the lifetime prevalence to be only 0.4% with the inconsistent 

epidemiological findings likely resulting from variations in the location of the studies and 

sociodemographic characteristics of the population (Ayano, 2016; Saha et al., 2005). For 

example, Koeda et al. (2012) found that less developed countries had a lower prevalence of 

schizophrenia compared to developed countries. A gender difference in symptom progression has 

also been reported, with males typically showing more severe manifestations and earlier onset of 

psychosis compared to females, expectedly because of the antidopaminergic influence of 

estrogen (American Psychiatric Association, 2013; Häfner, 2003; Ochoa et al., 2012). Although 

some variation by race or ethnicity has been reported, no racial differences in the prevalence of 

schizophrenia have been identified (Kposowa et al., 2002; Mallett et al., 2002; Morgan et al., 

2010)). Some research indicates that schizophrenia is diagnosed more frequently in black people 

than in white people, but this finding has been attributed to the cultural bias of practitioners 

(Ayano, 2016; Morgan et al., 2010). 

Currently, it is epidemiologically non-viable to reliably identify asymptomatic people in 

the general population who are at a high risk of illness progression (Jablensky, 2000). 

Furthermore, the prevalence of schizotypic traits is also dependent on the theoretical framework 

being used to define schizotypy. According to the Meehlian model, schizotypy encompasses 10% 

of the population who experience clinical symptoms, albeit not necessarily in all domains, and to 
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a less severe extent than those with schizophrenia. Eysenchian’s model postulates that all 

members of the population fall somewhere on a schizotypy continuum. While Claridge’s model 

suggests the entire population fall on one of two continuums: a clinical ‘illness’ dimension and a 

subclinical trait dimension. Affecting an estimated 4% of the population, schizotypal personality 

disorder falls on the low end of the ‘illness’ dimension. It encompasses behavioural, cognitive 

and affective deficits which resemble a less pronounced expression of the disturbances of 

schizophrenia (Ettinger et al., 2015). 

Symptomology 

Since the delineation of what was, at the time, referred to as ‘dementia praecox’ over a 

century ago, the defining features of schizophrenia have changed depending on the prevailing 

trends in psychology (Jablensky, 2010). Although the diagnostic criteria have varied with each 

new edition to the Diagnostic and Statistical Manual of Mental Disorders (DSM), the underlying 

description of symptoms has remained relatively stable over time. A full list of diagnostic criteria 

for schizophrenia according to the Diagnostic and Statistics Manual fifth edition (DSM-5) can be 

found in Table 2.1. A diagnosis requires the presence of a constellation of cognitive, behavioural 

and affective dysfunctions for at least six months; however, the clinical presentation is 

heterogeneous, and none of the symptoms are pathognomonic (American Psychiatric 

Association, 2013; Ayano, 2016). 

A diagnosis of schizophrenia requires at least two ‘Criterion A’ symptoms to persist for 

more than 1-month. These symptomatic criteria are typically divided into three dimensions: 

cognitive-perceptual, interpersonal, and disorganisation (Ettinger et al., 2015; Green et al., 2015; 

Modenato & Draganski, 2015). Cognitive-perceptual features, commonly referred to as positive 

symptoms, reflect distorted ideas, perceptions, or actions (Ettinger et al., 2015; Raine, 2006). 
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Hallucinations and delusions are the most vivid and conspicuous positive symptoms and, along 

with disorganised speech, compose three requisite symptoms for diagnosis, in that all patients 

need to have the clear presence of at least one of these symptoms (Ayano, 2016). 

Interpersonal features, typically called negative symptoms, are characterised by an 

absence or lack of normal mental functioning. These symptoms can include flattened affect 

(emotional inexpressiveness or unresponsiveness), anhedonia (inability to show and feel 

pleasure), alogia (poverty of speech), avolition (lack of will and spontaneity), stereotyped 

thinking, and social withdrawal (Ettinger et al., 2014). Although positive symptoms may seem 

more urgent, research shows that negative symptoms often have more of a detrimental impact on 

functional outcomes, including living independence, occupational capacity, and the ability to 

establish and maintain personal relationships (Peralta et al., 2000; Tamminga, 2008). Negative 

symptoms are typically separated into primary and secondary features (Kirschner et al., 2017). 

Primary symptoms are thought to be intrinsic to schizophrenia, usually proceed the onset of 

psychosis and often persist between episodes. Secondary negative symptoms, on the other hand, 

are caused by positive symptoms, medication side-effects, comorbid illnesses, social deprivation 

and substance abuse (Kirschner et al., 2017; Peralta et al., 2000). Secondary negative symptoms 

are typically more prevalent, but the underlying cause is often known, making them easier to 

treat (Lyne et al., 2015). Nonetheless, both primary and secondary features are common and 

contribute strongly to poor community functioning and quality of life (Galderisi et al., 2013; 

Strauss et al., 2013). 

Disorganised symptoms are cognitive dysfunction and conceptual disorganisation. 

Cognitive dysfunction usually involves deficits in attention, working memory, episodic memory 

and processing speed (Tamminga, 2008). Conceptual disorganisation is characterised by unusual 
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patterns of behaviour and speech (Green et al., 2015). People with disorganised speech typically 

have difficulty concentrating and maintain thought which results in them speaking incoherently, 

shifting topics regularly, or providing irrelevant responses. Those with disorganised behaviours 

tend to have difficulty starting or finishing a task, a decline in daily functioning, and a lack of 

impulse control. Patients can also experience disturbances with processing thoughts, including 

circumstantiality, egocentric thinking, overgeneralising of social information, and thought 

blocking.  

Table 2.1 

DSM-5 Diagnostic Criteria for Schizophrenia 

Criterion 

A 

Two (or more) of the following, each present for a significant portion of time 

during a one-month period (or less if successfully treated). At least one of these 

must be (1), (2), or (3): 

1. Delusions 

2. Hallucinations 

3. Disorganised speech (e.g., frequent derailment or incoherence) 

4. Grossly disorganised or catatonic behaviour. 

5. Negative Symptoms (i.e., diminished emotional expression or avolition) 

Criterion 

B 

For a significant portion of the time since the onset of the disturbance, level of 

functioning in one or more major areas, such as work, interpersonal relations, or 

self-care, is markedly below the level achieved prior to the onset (or when the onset 

is in childhood or adolescence, there is failure to achieve expected level of 

interpersonal, academic, or occupational functioning). 

Criterion 

C 

Continuous signs of the disturbance persist for at least 6 months. This six-month 

period must include at least 1 month of symptoms (or less if successfully treated) 

that meet Criterion A (i.e. active-phase symptoms) and may include periods of 

prodromal or residual symptoms. During these prodromal or residual periods, the 

signs of the disturbance may be manifested by only negative symptoms or by two 
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or more symptoms listed in Criterion A present in an attenuated form (e.g., odd 

beliefs, unusual perceptual experiences). 

Criterion 

D 

Schizoaffective disorder and depressive or bipolar disorder with psychotic features 

have been ruled out because either 1) no major depressive or manic episodes have 

occurred concurrently with the active-phase symptoms, or 2) if mood episodes have 

occurred during active-phase symptoms, they have been present for a minority of 

the total duration of the active and residual periods of the illness. 

Criterion 

E 

The disturbance is not attributable to the direct physiological effects of a substance 

(e.g., a drug of abuse, a medication) or another medical condition. 

Criterion 

F 

If there is a history of autism spectrum disorder or a communication disorder of 

childhood onset, the additional diagnosis of schizophrenia is made only if 

prominent delusions or hallucinations, in addition to the other required symptoms 

of schizophrenia, are also present for at least one month (or less if successfully 

treated). 

 

Schizotypy encompasses many of the behavioural, cognitive, and affective deficits which 

resemble a less pronounced expression of the disturbances of schizophrenia (Ettinger et al., 

2015). Similar to schizophrenia, schizotypy traits can be divided into three dimensions: 

cognitive-perceptual (or positive), interpersonal (or negative), and disorganisation (Ettinger et 

al., 2015; Modenato & Draganski, 2015; Wuthrich & Bates, 2006). Positive symptoms are 

typically characterised by unusual perceptual experience, suspiciousness and odd beliefs, 

especially magical ideation (An & Bang, 2017). Negative symptoms are characterised by 

affective flattening, anhedonia, social disinterest, alogia and anergia (Barrantes-Vidal et al., 

2013). Disorganised symptoms typically involve disruptions in cognition, unusual speech, and 

erratic behaviour (Kemp et al., 2020). Evidence suggests these three dimensions are reliable, 

temporally stable, and independent of gender, ethnicity, religion, culture, psychopathology, 

family adversity and intelligence (Gross et al., 2012; Mason & Claridge, 2006; Raine, 1991, 
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2006; Reynolds et al., 2000). Empirical evidence of the overlap between schizophrenia and 

schizotypy has been provided by studies investigating genetic variability, perception and motor 

control, psychopharmacology, and brain structure and function (Ettinger et al., 2014; Modenato 

& Draganski, 2015; Nelson et al., 2013). 

Several different approaches have been developed to objectively measure schizotypy 

(Kwapil et al., 2013; Raine, 2006; Rust, 1988). Various scales, clinical interview and self-report 

questionnaires have been developed, including the Schizotypal Personality Questionnaire (SPQ), 

the Chapman Scales, and the Schizotypy Personality Scale (Lenzenweger, 2006; Mason & 

Claridge, 2006). Almost all of these different types of instruments were designed based on the 

three-factor model of schizotypy (Raine, 2006). However, one instrument, the Oxford–Liverpool 

Inventory of Feelings and Experiences (O-LIFE), was developed based on a four-factor model 

obtained by factor analysis and comparison with established psychosis proneness scales 

(Claridge et al., 1996). The O-LIFE is based on the fully-dimensional model and focuses on 

personality traits rather than on clinical symptoms, making it especially useful for examining 

schizotypy in the general population (Mason & Claridge, 2006). 

Treatment and Prevention 

People with less severe expressions of schizotypic traits often fail to recognize their 

impairments, and even when they are aware, they rarely seek treatment due to concerns over 

possible stigma (Altamirano & de Mamani, 2018; Jablensky, 2000). Although treatment 

protocols vary depending on the type and severity of symptoms, schizophrenia spectrum 

disorders are often treated with a combination of antipsychotic medication and psychosocial 

treatment, as this combination has been found to be more effective than either treatment alone 

(American Psychiatric Association, 1997). Antipsychotic medications are often used to target 
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active phase cognitive-perceptual symptoms in more severe presentations. Conventional 

antipsychotics, including Chlorpromazine, fluphenazine and haloperidol thioridazine, are 

commonly used as they are cheaper than their modern counterparts, making them more suitable 

for long-term treatment. Nonetheless, these first-generation antipsychotics often have, sometimes 

irreversible, neurological side effects, such as tardive dyskinesia, sedation, and weight gain. The 

second-generation of medications, referred to as atypical antipsychotics, have been found to have 

similar effectiveness, with a lower incidence of side effects (Brown et al., 2004). These newer 

atypical antipsychotics, including aripiprazole, clozapine, olanzapine, quetiapine, and risperidone 

are usually preferred as they pose less risk of side effects (American Psychiatric Association, 

1997; Ayano, 2016) 

Although pharmacological treatments have been found to be effective in managing 

cognitive-perceptual or positive symptoms, evidence suggests they only have a modest impact on 

negative symptoms, neurocognitive impairments and community functioning outcomes (Grant et 

al., 2017; Harvey & Penn, 2010; Swartz et al., 2007). Therefore, researchers have focused much 

attention on developing cognitive remediation interventions using several learning strategies, 

including positive reinforcement, scaffolding, massed practice, and errorless learning to target a 

range of interpersonal and cognitive symptoms (Barlati et al., 2013; Cella et al., 2015; Peyroux 

& Franck, 2016; Reichenberg et al., 2014). There are several different approaches to delivering 

cognitive remediation, including psychoeducation, cognitive behavioural therapy (CBT), and 

social skills training. CBT, one of the more commonly used interventions, is a discrete 

psychosocial approach that aims to help people challenge and overcome automatic beliefs and 

apply practical strategies to control and modify their thoughts feelings and behaviours (Rector & 

Beck, 2001; Turkington et al., 2006). The goal of CBT is to help someone normalise and make 
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sense of their psychotic experiences, and to reduce the associated distress and impact on 

functioning (Ayano, 2016). CBT is often used to reduce symptoms, enhance social functioning, 

ameliorate distress, promote recovery, and prevent relapse (Pinninti et al., 2010; Rathod et al., 

2010). 

Social cognition is increasingly becoming recognised as a viable treatment target across 

all levels of the schizotypic/schizophrenic spectrum, owing to the growing body of evidence 

linking community functioning to social skills (Couture et al., 2006; Eack et al., 2010; Fett et al., 

2011; Horan et al., 2008; Kahn & Keefe, 2013). There are a range of social skills training 

interventions which target verbal and non-verbal communication, social cue recognition, and 

emotion processing. Although these interventions share a common goal of improving social 

cognition, there is substantial deviation regarding their format, implementation methods and 

therapy modalities. Two types of approaches have been implemented: targeted approaches which 

focus on a specific social cognitive deficit, and more comprehensive broad-based approaches 

that address a variety of deficits (Grant et al., 2017; Roberts & Penn, 2009). Initial findings 

support both treatment approaches, but evidence seems to suggest that broad-based approaches 

are better at improving community functioning owing to the variety of social skills needed to 

function adequately in daily life (Grant et al., 2017; Harvey & Penn, 2010). Nonetheless, 

research comparing the two approaches is limited, and several investigators have favoured 

targeted approaches, claiming them to be more effective, efficient, and less burdening for 

participants and administrators when tailored to the specific needs of the patients (Grant et al., 

2017; Harvey & Penn, 2010).  

 Although pharmacological and psychosocial interventions have been extensively 

researched in clinical populations, there is a lack of evidence-based recommendations for the 
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diagnosis and treatment of subclinical expressions (Lenzenweger, 2018). Systematic reviews of 

the aetiology, epidemiology, and symptomatology of Schizotypal Personality Disorder (SPD) 

have provided deeper insights into the treatment of patients with clinical manifestations of 

schizotypic psychopathology (Kirchner et al., 2018; Rosell et al., 2014). Specifically, evidence 

suggests that pharmacological treatments, such as risperidone, and psychotherapy, such as social 

skills training, are effective for treating patients with SPD (Kirchner et al., 2018). Nonetheless, it 

remains unclear whether novel diagnostic methods and treatment strategies can be effectively 

used in otherwise healthy members of the general population with high schizotypy. 

Conclusion 

 In summary, this chapter has provided a general overview of schizophrenia spectrum 

disorders, including theoretical models, aetiology, epidemiology, symptomology, and treatments. 

Three conceptual models of schizotypy were discussed, including Meehlian’s Quasi-dimensional 

Model, Eysenckian Dimensional Model, and Claridge’s Fully Dimensional Model. Evidence 

supporting the underlying genetic, neurobiological, and psychosocial causes was described and 

incorporated into a neurodevelopmental framework. Research into the epidemiology of 

schizophrenia was presented, along with the cognitive-perceptual (or positive), interpersonal (or 

negative), and disorganised symptoms of schizophrenia spectrum disorders. Finally, 

pharmacological and psychosocial treatments were outlined, and social cognition was suggested 

as a viable treatment target across all levels of the schizophrenia spectrum. Given the 

implications of social cognitive impairments on functional outcomes in people with 

schizophrenia spectrum disorders, social cognition has become recognised as an important 

treatment target for promoting functional change. The following chapter elaborates further on 

social cognition impairments in schizotypy, especially on the domain of emotion processing. 
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Chapter 3: The Ontology, Theories and Neural Substrates of Emotion Processing 

Research has repeatedly shown that schizotypy traits are associated with impaired 

community functioning (McCleery et al., 2012; Melley et al., 2002). Community functioning 

refers to a range of performance outcomes essential for daily living, including social functioning, 

living independence, occupational and academic success, and interpersonal engagement with 

family and peers (Bellack et al., 2007). It is estimated that almost two-thirds of people living 

with schizophrenia are incapable of functioning normally and have to contend with increased 

likelihood of unemployment, impaired ability to form and maintain relationships, and reduced 

capacity for self-care and independent living (Bellack et al., 2007; Fett et al., 2011; Green et al., 

2004). Consequently, poor community functioning is increasingly regarded as the primary cause 

of burden among patients, their families and the wider society (Bellack et al., 2007; Kahn & 

Keefe, 2013). One of the primary goals of research in the schizophrenia area is thus to find 

potentially treatable determinants of community functioning (Gold, 2004; Hofer et al., 2005; 

Holthausen et al., 2007).  

The primary symptoms of schizophrenia are typically divided into three dimensions: 

cognitive-perceptual (or positive), interpersonal (or negative), and disorganisation (Ettinger et 

al., 2015; Modenato & Draganski, 2015). Many studies have demonstrated that the negative 

symptoms associated with cognitive impairment have a greater impact on community 

functioning than the positive symptoms or disorganized symptoms of schizophrenia (Bora & 

Pantelis, 2013; Green, 1996; Savla et al., 2013). Furthermore, unlike positive symptoms, the 

cognitive impairment associated with negative symptoms cannot be easily treated using 

antipsychotic medication  (Grant et al., 2017; Harvey & Penn, 2010; Swartz et al., 2007). 

Cognitive impairments are a core functional deficit of schizotypy and can be divided into 



      65 

neurocognitive and social cognitive domains (Green et al., 2004; Pu et al., 2017). A meta-

analysis by Fett et al. (2011) found that both neurocognitive and social cognitive impairments 

were substantially and consistently related to functional outcomes in schizophrenia, independent 

of age, gender or intelligence (Fett et al., 2011; Savla et al., 2013). Much of the previous research 

on community functioning in schizotypy populations has focused on the domains of 

neurocognition, including language, complex attention, and executive function (Daly et al., 2012; 

McCleery et al., 2012; Pu et al., 2017). Nonetheless, several studies have linked community 

functioning with certain domains of social cognition in people with schizotypy, first episode 

schizophrenia (FES) and schizophrenia (Addington et al., 2008; Bertrand et al., 2007; Harvey & 

Penn, 2010). Furthermore, some researchers suggest that the effects of neurocognition on 

community functioning are mediated through social cognition (Barbato et al., 2013; Brekke et 

al., 2007). Whilst, other researchers have suggested that, compared to neurocognitive 

impairments, deficits in social cognition have approximately twice as much impact on 

community functioning and are therefore of greater importance to treatment research (Fett et al., 

2011; Harvey & Penn, 2010; Pinkham & Penn, 2006; Savla et al., 2013). 

Brekke et al. (2005) proposed a biosocial model of functional outcomes in schizophrenia, 

drawing on variables previously associated with community functioning, including 

neurocognition, social cognition, social competence, and social support (Brekke et al., 2005). 

They proposed that the effects of neurocognition on community functioning are entirely 

mediated through other variables, primarily which is social cognition. In contrast, social 

cognition was suggested to have both direct and mediated influences on community functioning. 

Social support and social competence were both found to mediate the impact of social cognition, 

with social support being the stronger of the two influences. Figure 3.1 provides an illustration of 
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Brekke et al. (2005) biosocial model. The model has been empirically tested and found to have 

medium to high explanatory effect sizes in both cross-sectional and 12-month longitudinal 

research (Bellack et al., 2007; Brekke et al., 2005). In this model, social cognition directly 

influences community functioning, completely mediates the impact of neurocognition, and is 

mediated by social competence and social support. Brekke and colleagues suggest that social 

cognition is a central construct to community functioning in schizophrenia and emphasize the 

importance of researching key mediating variables such as social cognition in intervention 

studies (Brekke et al., 2005). 

Figure 3.1. Biosocial model of functional outcomes in schizophrenia adapted from Brekke et al. 

(2005). 

Social Cognition 

 Results of recent meta-analyses have indicated that social cognitive function is markedly 

impaired in schizophrenia spectrum disorders (Chung et al., 2014; Pu et al., 2016; Savla et al., 

2013). Social cognition refers to an array of psychological processes involved in the perception, 

memory, prediction, reaction and regulation of one’s own and other’s thoughts, feelings and 

behaviours underlying social interactions (Barbato et al., 2015; Green et al., 2015). Social 

cognitive impairment has been consistently found in clinical schizophrenia (Chung et al., 2014; 

Pu et al., 2016; Savla et al., 2013), schizotypy (Addington et al., 2008; Couture et al., 2008; 

Image Redacted
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Pinkham et al., 2007), first-episode psychosis (Achim et al., 2012; Addington et al., 2008; 

Addington et al., 2006; Edwards et al., 2001; Herbener et al., 2005; Kucharska-Pietura et al., 

2005; Pinkham et al., 2007), and even unaffected first degree relatives to a milder extent (de 

Achával et al., 2010; Erol et al., 2010; Huepe et al., 2012; Irani et al., 2006; Janssen et al., 2003; 

Montag et al., 2012; Riveros et al., 2010). Furthermore, social cognitive impairments have also 

been observed in remitted patients, suggesting that deficits are generally stable throughout the 

course of the illness, independent of symptoms, and are possible biomarkers for the illness, and 

thus important targets for intervention programs (Barbato et al., 2015; Bora et al., 2009; Kohler 

et al., 2010; Lavoie et al., 2013; Lavoie et al., 2014).  

The National Institute of Mental Health identified five domains of social cognitive 

dysfunction in schizophrenia: social perception, theory of mind (ToM), social knowledge, 

attribution style, and emotion processing (Fett et al., 2011; Green, Penn, et al., 2008; Savla et al., 

2013). Additional domains, including social metacognition, social reciprocity, and empathy, have 

also been suggested in the literature (Green et al., 2015; Harvey & Penn, 2010; Penn et al., 

2008). These additional domains are inter-related with deficits in lower-order components, such 

as emotion perception and social perception, impacting on higher-order domains, including ToM 

and attribution style (Achim et al., 2012; Frith & Frith, 2006; Lavoie et al., 2014). Boundaries 

among the subdomains of social cognition are not absolute and often impede communication in 

the field. For example, emotional perception is often considered a component of emotion 

processing, sometimes viewed as a domain of social perception, and occasionally considered to 

be a part of ToM (Green et al., 2005).  
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Pinkham and colleagues (2014) undertook an extensive literature review and survey of 

experts in the field to identify key social cognitive domains of the highest importance within the 

field of schizophrenia spectrum research (Pinkham et al., 2014). Four core domains of social 

cognition were identified: emotion processing, social perception, ToM, and attribution style 

(Pinkham et al., 2014). Although ToM has received considerable attention in the literature (see 

review by Bora (2020), emotion processing is one domain that has been under researched and its 

association with schizotypy remains a mystery (Green et al., 2015).The other domains of social 

cognition, including social perception, attribution style, and social metacognition, are not 

examined in the present thesis as they have been found to be intact in patients with schizophrenia 

(Kring & Elis, 2013; Taylor et al., 2012), lack consensus among researchers (Horan et al., 2014; 

Michaels et al., 2014), or are localised in sub-cortical brain regions undetectable using the 

methods in the proposed research (Denny et al., 2012; Kestemont et al., 2015; Mar, 2011; 

Schilbach et al., 2012; Seidel et al., 2010; Thakkar et al., 2014; Van Overwalle & Baetens, 2009).  

Emotion Processing 

Emotion processing broadly refers to the way people perceive and use emotion (Green et 

al., 2005). Mayer et al. (2000) developed an influential model of emotion processing which 

posits that a set of skills combining emotional and cognitive aspects constitute emotional 

intelligence (Aguirre et al., 2008). The model outlines four domains of emotional processing: 

identifying emotions (commonly referred to as emotion perception), facilitating emotions (also 

known as emotional experience), managing emotions (also referred to as emotion regulation), 

and understanding emotions, (Mayer et al., 2001; Salovey & Sluyter, 1997). Some researchers 

have suggested that emotional understanding instead constitutes part of the social 

perception/knowledge domain of social cognition, and others have proposed that emotional 
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expression is another discreet subdomain of emotion processing (Higgins & Bargh, 1987; 

Phillips & Seidman, 2008). An overview of the proposed domains of emotion processing is 

outlined in Table 3.1. Although the terms, definitions, and boundaries of emotion processing 

subdomains vary in the literature and impede comparison of findings, most researchers agree that 

three domains are of notable importance in the study of schizophrenia spectrum disorders (Green 

et al., 2005; Greenberg & Vandekerckhove, 2009; Isaacowitz et al., 2017). Thus, this thesis 

focuses on emotion perception, emotion experience and emotion regulation. 

Table 3.1 

Overview of the proposed domains of emotion processing 

Domain Description 

Emotion Perception The ability to perceive emotions in oneself and others, as well as 

objects, art, stories, music, and other stimuli. 

Emotion Experience The ability to generate, use, and feel emotion as necessary to 

communicate feelings, or employ them in other cognitive 

processes. 

Emotion Regulation The ability to be open to feelings, and to modulate them in 

oneself and others so as to promote personal understanding and 

growth. 

Emotion Understanding* The ability to understand emotional information, how emotions 

combine and progress through relationship transitions, and to 

appreciate such emotional meanings. 

Emotional Expression* The ability a general verbal and non-verbal output to 

communicate emotional feelings to other people. 

Note: * Debate exists among researchers on whether these are distinct domains of emotion 

processing. Adapted from Mayer et al. (2002). 

Emotion Perception. During social interaction, people encounter a diverse array of 

social cues from facial expressions, body language and vocal differences, the perception of 

which has been identified as one of the core social cognitive deficits in schizotypy (Green et al., 

2015; Harvey & Penn, 2010). Emotion perception has been described as the ability to recognise 

and identify emotions in other people through their display of perceptual cues, namely facial 
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expressions, vocal prosody and body posture (Barbato et al., 2015; Phillips & Seidman, 2008; 

Savla et al., 2013). Facial emotion recognition is the most extensively researched area of emotion 

perception and involves labelling emotions related to facial expressions (Green et al., 2015; Ruiz 

et al., 2013). Therefore, for the purpose of this thesis, the term emotional perception is used to 

refer to the construct while emotional recognition is used to refer to the cognitive task. 

Studies indicate that, although facial identification processing is unaffected, facial affect 

recognition is impaired in people with schizotypy (Addington et al., 2008; Amminger et al., 

2012; Comparelli et al., 2013; Kohler et al., 2014; van Rijn et al., 2011; Wout et al., 2004), 

schizophrenia (Edwards et al., 2002), and first-degree relatives when the expression are subtle 

(Bediou et al., 2005). Nonetheless, several studies have suggested that individuals with 

schizotypy demonstrate no impairment in affect recognition tasks (Bölte & Poustka, 2003; Shean 

et al., 2007; Toomey et al., 1999; B. T. Williams et al., 2007). Phillips (2008) argues that high 

schizotypy individuals are generally able to navigate their social environments effectively when 

social interactions are not overly subtle or complex, suggesting that these conflicting research 

findings might reflect the difficulty of the affective recognition tasks used (Phillips & Seidman, 

2008). Other researchers suggest that deficits in affect recognition are specific to certain 

symptoms and emotions, for example, individuals with interpersonal symptoms perform worse 

on affect recognition tasks (B. T. Williams et al., 2007), and that positive expressions are less 

recognisable (Waldeck & Miller, 2000). 

Theories of emotion perception. Our understanding of emotion perception has been 

dominated by two theoretical approaches: categorical and dimensional theories (Matsuda et al., 

2013). The categorical approach posits that emotions are perceived as discrete states with clear 

boundaries and are divided into basic and complex subcategories. Basic emotions are innate 
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instincts triggered by evolved brain mechanisms which are short-lasting (typically only a few 

seconds) and universally recognised (Gazzaniga & Ivry, 2013). Basic emotions produces 

predictable changes in sensory, perceptual, motor and physiological functions, most notable of 

which are facial expressions (Gazzaniga & Ivry, 2013). Ekman and Friesen (1971) researched 

core emotional state across various cultures and established that basic emotions share three 

characteristics: they are innate, universal, and short-lasting. Complex emotions differ from basic 

emotions in that they are: typically socially or culturally learned, evolve over time and can last 

for extended duration. Researchers have reached consensus regarding six core emotions, and 

although several other emotions have been proposed, there remains much debate regarding 

which emotions should be consider basic and which should be considered complex (Gazzaniga 

& Ivry, 2013). Table 3.2 provides a list of basic, candidate and complex emotions. 

Table 3.2 

List of basic, candidate and complex emotions 

Basic emotions Proposed/candidate emotions Complex emotions 

Happiness Contempt Love 

Sadness Shame Jealously 

Fear Guilt Gratitude 

Anger Embarrassment Compassion 

Disgust Pride Regret 

Surprise Awe Disappointment 

 Amusement Hope 

 Excitement Empathy 

Note: Adapted from Ekman (1999). 
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The dimensional theory posits that emotion reactions vary along two fundamental 

continuums: valence (pleasant/positive - unpleasant/negative) and arousal (high intensity/tension 

- low intensity/tension). Figure 3.2 illustrates the categorical and dimensional approaches to 

emotion categorisation. According to the dimensional theory, each emotional state is 

continuously represented as a linear combination of values in along the two continuums 

(Matsuda et al., 2013). For example, the death of a loved family member would be a high 

intensity negative emotion, while findings $1 on the ground would be a low intensity positive 

emotion. The dimensional approach provides researchers with a greater opportunity to concretely 

assess emotional reactions elicited by stimuli, but present a challenge in that people can 

experience competing emotions simultaneously (Gazzaniga & Ivry, 2013). For example, a 

graduating student may feel a combination of happiness for their achievement and sadness over 

the thought of losing contact with classmates. The competing emotions suggest that different 

valences have different underlying neural mechanisms, which will be outlined further in the 

following section.  

Figure 3.2. Categorical (A) and Dimensional (B) theories of facial emotion perception. Source: 

Matsuda et al. (2013).  

Image Redacted
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Studies of facial emotion perception have provided evidence in support of both 

categorical and dimensional theories (Dunn et al., 2004; Gazzaniga & Ivry, 2013; Matsuda et al., 

2013). Fujimura et al. (2012) investigated the relative dominance of categorical or dimensional 

perception using a morphed continua of facial expressions and two difference sets of 

experimental instructions (detailing categorical vs. dimensional strategies). Fujimura et al. 

(2012) found the co-occurrence of categorical perception and dimensional perception when 

rating facial expressions using a dimensional strategy, providing support for a hybrid theory 

whereby both approaches operate simultaneously to decode emotional facial expressions. 

Matsuda et al. (2013) expanded on this research by investigating the neural mechanisms of the 

hybrid approach using fMRI. Activity in the right fusiform face area (FFA) was found to increase 

in response to obvious emotions and decreased in response to ambiguous expressions which 

Matsuda and colleagues argued for the role of the FFA in categorical processing, while the 

amygdala, insula and medial PFC showed activation during dimensional processing (Matsuda et 

al., 2013). The results indicated that distinct neural loci were responsible for processing the 

physical and psychological aspects of facial emotion perception in a region-specific and implicit 

manner (Matsuda et al., 2013). 

Neural substrates of emotion perception. Empirical evidence from animal, neurological 

and neuroimaging studies have identified several brain regions involved in emotion perception, 

including inferior occipital gyrus, orbitofrontal cortex, superior temporal sulcus, the medial PFC, 

lateral fusiform gyrus, nucleus accumbens, amygdala and insula (Dolcos et al., 2011; Grill-

Spector et al., 2004; Habel et al., 2010; O’Doherty et al., 2003). Nonetheless, findings are 

inconsistent between studies, with some studies reporting under activation, some 

hyperactivation, and others no activation in certain brain regions (Haxby et al., 2002; Li et al., 
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2010; Ruiz et al., 2013; Sabatinelli et al., 2011; Vuilleumier & Pourtois, 2007). Investigators 

have suggested that heterogeneities in experimental designs, participants, stimulus materials, and 

approaches to data analysis likely accounted for most of the inconsistent findings (Li et al., 

2010). 

Although people with damage to the amygdala seem to be able to identify non-emotional 

facial features, they often struggle with recognizing emotional expressions (Gazzaniga & Ivry, 

2013). Structural imaging studies of people with emotion recognition impairments have found 

smaller amygdala volumes and functional imaging studies have found abnormal neural activation 

and altered hemispheric laterality during emotional recognition (Adolphs & Spezio, 2006; 

Namiki et al., 2007). Interestingly, neuroimaging studies have found that amygdala activation is 

higher when recognising fearful facial expressions relative to other emotions and for real smiles 

compared to fake smiles (Adolphs et al., 2005; Gazzaniga & Ivry, 2013; Kennedy & Adolphs, 

2010). Based on findings from brain damaged patients, partial face stimuli, and eye tracking 

studies, researchers have theorised that the amygdala plays an important role in directing 

attention towards the eyes during emotion recognition (Adolphs et al., 2005; Kennedy & 

Adolphs, 2010; Killgore & Yurgelun-Todd, 2004). In line with previous neuroimaging studies, 

one of the defining features in fearful faces is increased display of whiteness in the eye, likewise 

a key defining feature of genuine happiness is lines around the eyes.  

The bilateral fusiform gyri, in particularly the FFA, is another brain region commonly 

associated with emotion perception of expressions. Some researchers have suggested that the 

FFA is involved in the initial processing of facial stimuli rather than recognition of emotion 

(Taylor & MacDonald, 2012), but others argue that the region plays an important role in 

modulating activity during emotion processing (Adolphs & Spezio, 2006). Quintana et al. (2003) 
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found that the bilateral fusiform gyri failed to activate in people with schizophrenia during a 

facial affect identification and discrimination task, while healthy controls experienced activation 

in their right lateral fusiform gyrus. Likewise, Johnston et al. (2005) found underactivity in their 

right fusiform gyrus among patients with schizophrenia when perceiving affective facial stimuli. 

Contrastingly, Surguladze et al. (2006) reported that patients with schizophrenia experience 

greater activation in their bilateral fusiform gyri compare to healthy controls when presented 

with neutral faces.  

Meta-analyses of emotion perception have shown that activation occurs in the bilateral 

amygdala, hippocampus, thalamus, somatosensory cortex, and PFC, as well as the right fusiform 

gyrus, superior frontal gurus, and lentiform nucleus (Li et al., 2010; Taylor & MacDonald, 2012). 

Furthermore, meta-analyses have shown that people with schizophrenia experience abnormal 

activation in many of these regions compared to healthy controls, suggesting that those with 

schizophrenia have a limited capacity to recruit brain structures typically involved in emotion 

processing (Li et al., 2010; Taylor & MacDonald, 2012). Researchers have explained the 

conflicting findings by suggesting that certain brain regions become abnormally activated 

depending on the specific emotions and symptoms (Mohanty et al., 2005; Reske et al., 2007). For 

example, studies suggest that negatively valanced emotions and cognitive-perceptual symptoms 

produce the greatest functional abnormalities (Takahashi et al., 2004; L. M. Williams et al., 

2007). 

Emotional Experience. Social interactions are largely influenced by emotional reactions 

and the manner in which these reactions are regulated (Green et al., 2015). Emotional 

experiences are the subjective, physiological, and behavioural responses induced when someone 

experiences emotionally arousing events or stimuli (Green et al., 2015; Kring & Moran, 2008; 
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Phillips & Seidman, 2008). Several self-report studies have indicated that people with 

interpersonal schizotypy traits experience slightly increased anhedonia, while those with 

cognitive-perceptual or disorganised schizotypy traits report feeling stronger negative emotions 

compared to healthy controls (Horan et al., 2013; Taylor & MacDonald, 2012). Nonetheless, 

many laboratory-based studies using emotion-modulated cardiovascular, electrodermal, and 

startle eyeblink responses have found intact emotion experiences in individuals with 

schizophrenia spectrum disorders (Curtis et al., 1999; Kring & Moran, 2008). Overall, meta-

analysis findings indicate that emotional experiences are relatively intact in people with 

schizotypy (Phillips & Seidman, 2008; Wout et al., 2004) and schizophrenia (Cohen & Minor, 

2010; Green et al., 2015; Kring & Moran, 2008; Trémeau, 2006). 

Theories and models of emotion experience. Most researchers agree that emotional 

responses are adaptive and can be divided into three components: a physiological reaction (e.g., 

racing heart, sweating), a behavioural reaction (e.g., fight or flight response), and a subjective 

feeling (e.g., “I’m scared). Although every theory of emotional experience attempts to explain 

these three components, there has been much debate regarding the underlying mechanisms, 

timing and the causal relationship between them (Gazzaniga & Ivry, 2013). One of the earliest 

theories of emotional experience, the James-Lange Theory, posited that emotions are the result of 

somatovisceral feedback from bodily responses. For example, when a person encounters a threat, 

such as a bear, they would run first and subsequently become afraid as a result. Nonetheless, 

experimental physiologists believed that physiological responses were not distinct enough to 

distinguish between different emotions, and instead proposed that humans simultaneously 

experience emotions and physiological reactions (Cannon, 1927). Although this Cannon-Bard 
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theory is now outdated, it is important to acknowledge it because it was the first model to 

introduce the idea of parallel emotion processing.  

More recently, LeDoux (2014) expanded the idea of dual processing of emotion by 

proposing that humans have two emotion systems which operate in parallel, referred to as the 

Fast and Slow Roads to emotion. The fast path is a neural system responsible for our 

evolutionary instilled emotional responses which bypass the cortex to aid survival and 

reproducibility. The slow path involves cognitive processing in the cortex to produce more 

accurate conscious feelings of emotion. In his Hierarchical Processing theory, Panksepp (2012) 

has also supported the idea of parallel processing by positing that there are three ways to process 

emotion. Primary-process are our most powerful emotional feelings arising from evolutionary 

subcortical networks. secondary-process elaborations are emotionally learned and arise from 

conditioning, and tertiary-process emotions are elaborated by cognition. Finally, Anderson and 

Adolphs (2014) Central Causative States theory posits that emotional events or stimuli activate a 

central nervous system state that simultaneously activates feelings, behaviours, 

psychophysiological reactions and cognition. Although recent evidence has been found in 

support of each of these theories, researchers do not agree on how emotions are generated and 

when/if cognition plays a part in producing or processing emotions (Gazzaniga & Ivry, 2013). 

Neural Substrates of Emotion Experience. Emotional experience involves many neural 

systems, including the sensory system when emotions are triggered by external events, memory 

system when emotions are triggered by an internal stimulus (e.g., episodic memory of a family 

member’s death), and even the autonomic nervous system when emotions trigger physiological 

responses (Gazzaniga & Ivry, 2013). Neuroscientists have associated an extensive set of brain 

regions with emotion experience, including the amygdala, anterior hippocampus, hypothalamus, 
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insula, thalamus, orbitofrontal cortex, cingulate gyrus, brain stem nuclei, ventral striatum, medial 

prefrontal cortex, precuneus, lateral temporal cortex and temporal poles (Gazzaniga & Ivry, 

2013; Green et al., 2015; Keedwell et al., 2005; Kober et al., 2008; Schultz, 2007; Wacker et al., 

2009). Nonetheless, researchers do not think there is a single neural circuit of emotions, but 

rather a range of neural systems involved, depending on the emotional stimulus, task, and 

situation (Gazzaniga & Ivry, 2013). Recent neuroimaging studies using machine-based learning 

have revealed that specific emotional states activate different brain networks (Chang et al., 2015; 

Kragel & LaBar, 2016). For examples, the processing of fear has been linked to activity in the 

amygdala, the insula has been associated with processing disgust, and the vmPFC plays a crucial 

role in processing displays of anger (P. Fusar-Poli et al., 2009; Gur et al., 2007; Vuilleumier & 

Pourtois, 2007; Wolf et al., 2016).  

One popular theory adopted by researchers in recent years is that a distributed network is 

responsible for processing all emotions and that impairments in emotion processing occur owing 

to dysconnectivity across the system of brain regions (Das et al., 2007; Taylor & MacDonald, 

2012). Several studies have yielded evidence of neural disconnection in psychological disorders 

characterised by emotion processing impairments. Li et al. (2010) found functional 

disconnection between the amygdala and prefrontal regions in schizophrenia patients, Williams 

et al. (2004) found that patients with schizophrenia had disconnection in autonomic and central 

systems, and Leitman et al. (2008) found visual-temporal dysfunction in people with 

schizophrenia. There is a growing consensus among researchers that people with schizophrenia 

spectrum disorders suffer from system-wide network disruption in neural circuits which extend 

from the limbic region, through striatum and thalamus, before reaching the prefrontal and 

cingulate cortex (Cheung et al., 2008; Ellison-Wright et al., 2008; Taylor & MacDonald, 2012). 
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A meta-analysis by Cohen and Minor (2010) found little evidence that people with 

schizophrenia have an impairment in the ability to experience positively valanced emotions. 

Nonetheless, schizophrenia patients were found to self-report relatively stronger aversion to 

neutral stimuli (Cohen & Minor, 2010). Dowd and Barch (2010) examined functional activity 

using fMRI and found emotion experience to be relatively intact in patients with schizophrenia 

compared to healthy controls, except for slightly reduced activation in the right ventral striatum 

and left putamen compared to healthy controls. Taylor et al. (2012) conducted a meta-analysis of 

functional neuroimaging studies and found that, compared to healthy controls, people with 

schizophrenia do not show any difference in activation during emotional experience, except for 

slightly increased activity in the left occipital pole. Thus, even though subjective ratings of 

emotional experience may not differ between patients and controls, neural activity to negative 

stimuli may differ slightly.  

Emotional Regulation. The capacity to control emotion is vital for daily functioning in 

our social world. People are so adept at controlling emotions that they rarely notice it unless 

someone fails to display emotion in a socially expected way (Gazzaniga & Ivry, 2013). Hence, 

disruptions in the control of emotion are often thought to underlie psychological deficits, 

including mood and anxiety disorders. Emotion regulation refers to the process through which 

people influence what, when and how emotions are expressed, by initiating, inhibiting, or 

modulating their feelings, thoughts, physiological responses and behaviours (Gross & 

Thompson, 2007; Horan et al., 2013). Although emotion experience appears relatively intact in 

patients with schizophrenia, their capacity to manage arousal and regulate emotion has been 

reported to be significantly impaired (Green et al., 2015; Horan et al., 2013; Phillips & Seidman, 

2008). Some evidence suggests that emotion eliciting film clips do not elicit any difference in 
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regulation between people with high schizotypy and healthy controls (Phillips & Seidman, 

2008). However, when divided into different symptomology-based dimensions, interpersonal 

symptoms have been found to be associated with reduced emotional reaction, especially fewer 

facial expressions (Leung, 2006). Self-report studies further support these findings, indicating 

that people with high schizotypy often feel less emotionally expressive compared to healthy 

controls (Phillips & Seidman, 2008). 

Theories and Models of Emotion Regulation. The literature on emotional regulation has 

caused much debate among researchers over the years, with psychological studies suggesting 

that a lack of emotional control was indicative of mental illness, while physiological studies 

found links between emotional suppression and physical ailments like hypertension (Gazzaniga 

& Ivry, 2013). James Gross (1998) proposed a theory to account for the divergent ideas between 

the psychological and physical literature by hypothesising that “shutting down” emotions at 

different points in the emotion generation process would have different consequences. According 

to Ochsner and Gross (2005) model for emotion generation and control, emotional appraisal 

involves attention processes, evaluation processes and response processes. Emotional regulation, 

which can either be conscious and controlled or unconscious and automatic, can occur at any 

stage of the process (Gazzaniga & Ivry, 2013). Figure 3.3 provides a diagram of Ochsner’s 

proposed model.  
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Figure 3.3. Ochsner’s model of emotional generation and control. Source: Adapted from 

Gazzaniga and Ivry (2013). 

 Gross (1998) proposed a model in which two types of strategies are applied to regulate 

emotion by manipulating the input or output: antecedent-focused and response-focused 

strategies. Antecedent focused strategies occur before an emotional response is generated by 

manipulating the emotional input and consist of situation modification, attention 

deployment/distraction, and cognitive change to the emotional impact (Green et al., 2015; Gross, 

1998). Response-focused strategies occur after the emotion responses are generated by 

intensifying, diminishing, prolonging, or curtailing the emotional experience, expression, or 

physiological response (Gazzaniga & Ivry, 2013; Gross, 1998). A visual representation of 

Gross’s model can be found in Figure 3.4. Cognitive reappraisal, an antecedent-focused approach 

commonly used in research, is a cognitive linguistic strategy that involves the reinterpretation of 

emotion-eliciting stimuli or situations in a way that alters its emotional impact (Green et al., 

2015; Gross & John, 2003; Ochsner & Gross, 2005). Suppression, a common response-focused 

approach, is a strategy of inhibiting an emotion-expressive behaviour during an emotionally 

arousing situation (Gazzaniga & Ivry, 2013).  

Image Redacted
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Figure 3.4. Gross’s model of emotional regulation. Source: Adapted from Gazzaniga and Ivry 

(2013). 

Gross (1998) compared a cognitive reappraisal strategy with an emotion suppression 

strategy and a passive viewing control condition during a disgust-eliciting film. He found that, 

while both reappraisal and suppression reduced emotionally expressive behaviour, only the 

reappraisal condition reduced their emotional experience. On the contrary, the suppression 

condition was found to increase sympathetic activation by heightening and prolonging arousal 

(Gross, 1998). Further support for Gross’s theory has been provided by fMRI research which 

showed that cognitive reappraisal increased activity in the PFC and decreased activity in the 

amygdala (Goldin et al., 2008; Ochsner et al., 2002). These findings suggest that emotion 

regulation depends on the interaction between the subcortical structures responsible for emotion 

generation and frontal cortical structures responsible for modulation of activity (Gazzaniga & 

Ivry, 2013).  

Neural Substrates of Emotion Regulation. Functional neuroimaging studies using 

cognitive reappraisal tasks have identified several neural substrates of emotions regulation, 

including increased activity in the lateral PFC, pre-supplementary motor area, superior frontal 

gyrus and dorsal anterior cingulate cortex (ACC), and decreased activity in the amygdala and left 

Image Redacted
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insula, especially during the presentation of negative stimuli (Banks et al., 2007; Diekhof et al., 

2011; Goldin et al., 2008; Hallam et al., 2015; Horan et al., 2013; Kalisch, 2009; Li et al., 2010; 

McRae et al., 2010; Ochsner et al., 2002; Ochsner & Gross, 2005). These findings are congruous 

with evolutionary perspectives which suggest that parts of the PFC and ACC play a role in 

decreasing activity in the emotional centres of the brain (Anderson & Green, 2001; Dieler et al., 

2010). Researchers believe that cortical activation is higher during the regulation of negative 

stimuli because more cognitive control, and thus greater demands on the PFC and ACC, is 

needed to suppress potential threats which pose a risk to our survivability (Dieler et al., 2010). 

Neuroimaging studies in patients with schizophrenia, those at high risk of psychosis, and 

their unaffected first-degree relatives have shown hypoactivation in the vlPFC, dlPFC, ACC, 

inferior frontal gyrus, middle temporal gyrus and anterior insula relative to healthy controls 

(Morris et al., 2012; van der Meer et al., 2014). Researchers have found that the vlPFC is an area 

of significant impairment among those with schizophrenia and one of the primary regions 

involved in emotional regulation (Green et al., 2015; van der Meer et al., 2014) . The vlPFC is 

said to plays a role in context evaluation of emotional stimuli, inhibitory control, and behavioural 

response selection (Green et al., 2015; Ochsner & Gross, 2005; van der Meer et al., 2011; van 

der Meer et al., 2013). The dlPFC is responsible for reasoning and describing the changes in 

emotion responses, as well as maintaining appraisals in working memory (Green et al., 2015; van 

der Meer et al., 2014). While the anterior insula has been related to emotional awareness and 

emotion processing in general, particularly for disgust (Adolphs, 2003; Craig & Craig, 2009; 

Wicker et al., 2003). 
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Conclusion 

In summary, this chapter has provided a general overview of the ontology, theoretical models and 

neural substrates of three aspects of emotion processing. Emotional experience, emotional 

regulation, and emotional perception were identified as the three primary domains of emotion 

processing that are impaired in individuals with high schizotypic traits and schizophrenia 

spectrum disorders. Theorical models for each of the domains were presented to provide a 

framework for how each domain fits into the overall construct of emotion. The neural regions 

associated with each type of emotional processing were also outlined, and structural and 

functional brain differences between people with schizophrenia spectrum disorders and healthy 

controls were described. A recurrent point throughout this chapter is that the PFC plays a role in 

emotion processing and seems to be linked to schizophrenia spectrum disorders. The next 

chapter outlines the current diagnostic methods for emotion processing impairments in 

schizophrenia spectrum disorders. The chapter also outlines neuroimaging techniques which 

could potentially improve the effectiveness and efficiency of diagnosis and treatment. Finally, the 

following chapter evaluates the practical advantages of near-infrared spectroscopy and its 

potentials to be used as a screening tool for the early stages of schizophrenia spectrum disorders. 

 

 

 

 

 

 

 



      85 

References 

Achim, A. M., Ouellet, R., Roy, M. A., & Jackson, P. L. (2012, Apr 30). Mentalizing in first-

episode psychosis. Psychiatry Res, 196(2-3), 207-213. 

https://doi.org/10.1016/j.psychres.2011.10.011  

 

Addington, J., Penn, D., Woods, S. W., Addington, D., & Perkins, D. O. (2008, Jan). Facial affect 

recognition in individuals at clinical high risk for psychosis. Br J Psychiatry, 192(1), 67-

68. https://doi.org/10.1192/bjp.bp.107.039784  

 

Addington, J., Saeedi, H., & Addington, D. (2006, Jul). Facial affect recognition: a mediator 

between cognitive and social functioning in psychosis? Schizophr Res, 85(1-3), 142-150. 

https://doi.org/10.1016/j.schres.2006.03.028  

 

Adolphs, R. (2003). Cognitive neuroscience of human social behaviour. Nature reviews. 

Neuroscience, 4(3), 165.  

 

Adolphs, R., Gosselin, F., Buchanan, T. W., Tranel, D., Schyns, P., & Damasio, A. R. J. N. 

(2005). A mechanism for impaired fear recognition after amygdala damage. 433(7021), 

68-72.  

 

Adolphs, R., & Spezio, M. (2006). Role of the amygdala in processing visual social stimuli. 

Progress in Brain Research, 156, 363-378.  

 

Aguirre, F., Sergi, M. J., & Levy, C. A. (2008). Emotional intelligence and social functioning in 

persons with schizotypy. Schizophr Res, 104(1), 255-264.  

 

Amminger, G. P., Schäfer, M. R., Klier, C. M., Schlögelhofer, M., Mossaheb, N., Thompson, A., 

Bechdolf, A., Allott, K., McGorry, P. D., & Nelson, B. (2012). Facial and vocal affect 

perception in people at ultra-high risk of psychosis, first-episode schizophrenia and 

healthy controls. Early intervention in psychiatry, 6(4), 450-454. 

https://doi.org/10.1111/j.1751-7893.2012.00362.x  

 

Anderson, D. J., & Adolphs, R. (2014). A framework for studying emotions across species. Cell, 

157(1), 187-200.  

 

Anderson, M. C., & Green, C. (2001, Mar 15). Suppressing unwanted memories by executive 

control. Nature, 410(6826), 366-369. https://doi.org/10.1038/35066572  

 

Banks, S. J., Eddy, K. T., Angstadt, M., Nathan, P. J., & Phan, K. L. (2007, Dec). Amygdala-

frontal connectivity during emotion regulation. Soc Cogn Affect Neurosci, 2(4), 303-312. 

https://doi.org/10.1093/scan/nsm029  

 

Barbato, M., Liu, L., Cadenhead, K. S., Cannon, T. D., Cornblatt, B. A., McGlashan, T. H., 

Perkins, D. O., Seidman, L. J., Tsuang, M. T., Walker, E. F., Woods, S. W., Bearden, C. 

E., Mathalon, D. H., Heinssen, R., & Addington, J. (2015, 9//). Theory of mind, emotion 



      86 

recognition and social perception in individuals at clinical high risk for psychosis: 

Findings from the NAPLS-2 cohort. Schizophrenia Research: Cognition, 2(3), 133-139. 

https://doi.org/http://doi.org/10.1016/j.scog.2015.04.004  

 

Barbato, M., Liu, L., Penn, D. L., Keefe, R. S., Perkins, D. O., Woods, S. W., & Addington, J. 

(2013, Nov). Social cognition as a mediator between neurocognition and functional 

outcome in individuals at clinical high risk for psychosis. Schizophr Res, 150(2-3), 542-

546. https://doi.org/10.1016/j.schres.2013.08.015  

 

Bediou, B., Krolak-Salmon, P., Saoud, M., Henaff, M.-A., Burt, M., Dalery, J., & D'Amato, T. 

(2005). Facial expression and sex recognition in schizophrenia and depression. The 

Canadian Journal of Psychiatry, 50(9), 525-533.  

 

Bellack, A. S., Green, M. F., Cook, J. A., Fenton, W., Harvey, P. D., Heaton, R. K., Laughren, T., 

Leon, A. C., Mayo, D. J., Patrick, D. L., Patterson, T. L., Rose, A., Stover, E., & Wykes, 

T. (2007, 08/24). Assessment of Community Functioning in People With Schizophrenia 

and Other Severe Mental Illnesses: A White Paper Based on an NIMH-Sponsored 

Workshop. Schizophrenia Bulletin, 33(3), 805-822. https://doi.org/10.1093/schbul/sbl035  

 

Bertrand, M.-C., Sutton, H., Achim, A. M., Malla, A. K., & Lepage, M. (2007, 2007/09/01/). 

Social cognitive impairments in first episode psychosis. Schizophr Res, 95(1), 124-133. 

https://doi.org/http://dx.doi.org/10.1016/j.schres.2007.05.033  

 

Bölte, S., & Poustka, F. (2003). The recognition of facial affect in autistic and schizophrenic 

subjects and their first-degree relatives. Psychological medicine, 33(5), 907-915.  

 

Bora, E. (2020, 2020/08/01/). Theory of mind and schizotypy: A meta-analysis. Schizophr Res, 

222, 97-103. https://doi.org/https://doi.org/10.1016/j.schres.2020.04.024  

 

Bora, E., & Pantelis, C. (2013, Mar). Theory of mind impairments in first-episode psychosis, 

individuals at ultra-high risk for psychosis and in first-degree relatives of schizophrenia: 

systematic review and meta-analysis. Schizophr Res, 144(1-3), 31-36. 

https://doi.org/10.1016/j.schres.2012.12.013  

 

Bora, E., Yucel, M., & Pantelis, C. (2009, Apr). Theory of mind impairment in schizophrenia: 

meta-analysis. Schizophr Res, 109(1-3), 1-9. https://doi.org/10.1016/j.schres.2008.12.020  

 

Brekke, J. S., Hoe, M., Long, J., & Green, M. F. (2007). How Neurocognition and Social 

Cognition Influence Functional Change During Community-Based Psychosocial 

Rehabilitation for Individuals with Schizophrenia. Schizophrenia Bulletin, 33(5), 1247-

1256. https://doi.org/10.1093/schbul/sbl072  

 

Brekke, J. S., Kay, D. D., Lee, K. S., & Green, M. F. (2005). Biosocial pathways to functional 

outcome in schizophrenia. Schizophr Res, 80(2), 213-225. 

https://doi.org/10.1016/j.schres.2005.07.008  

 



      87 

Cannon, W. B. (1927). The James-Lange theory of emotions: a critical examination and an 

alternative theory. The American Journal of Psychology, 39, 106-124. 

https://doi.org/10.2307/1415404  

 

Chang, L. J., Gianaros, P. J., Manuck, S. B., Krishnan, A., & Wager, T. D. J. P. b. (2015). A 

sensitive and specific neural signature for picture-induced negative affect. 13(6).  

 

Cheung, V., Cheung, C., McAlonan, G. M., Deng, Y., Wong, J. G., Yip, L., Tai, K. S., Khong, P. 

L., Sham, P., & Chua, S. E. (2008, Jun). A diffusion tensor imaging study of structural 

dysconnectivity in never-medicated, first-episode schizophrenia. Psychol Med, 38(6), 

877-885. https://doi.org/10.1017/s0033291707001808  

 

Chung, Y. S., Barch, D., & Strube, M. (2014, May). A meta-analysis of mentalizing impairments 

in adults with schizophrenia and autism spectrum disorder. Schizophr Bull, 40(3), 602-

616. https://doi.org/10.1093/schbul/sbt048  

 

Cohen, A. S., & Minor, K. S. (2010, 06/17). Emotional Experience in Patients With 

Schizophrenia Revisited: Meta-analysis of Laboratory Studies. Schizophrenia Bulletin, 

36(1), 143-150. https://doi.org/10.1093/schbul/sbn061  

 

Comparelli, A., Corigliano, V., De Carolis, A., Mancinelli, I., Trovini, G., Ottavi, G., Dehning, J., 

Tatarelli, R., Brugnoli, R., & Girardi, P. (2013, Jan). Emotion recognition impairment is 

present early and is stable throughout the course of schizophrenia. Schizophr Res, 143(1), 

65-69. https://doi.org/10.1016/j.schres.2012.11.005  

 

Couture, S. M., Penn, D. L., Addington, J., Woods, S. W., & Perkins, D. O. (2008, 02/05). 

Assessment of Social Judgments and Complex Mental States in the Early Phases of 

Psychosis. Schizophr Res, 100(1-3), 237-241. 

https://doi.org/10.1016/j.schres.2007.12.484  

 

Craig, A. D., & Craig, A. (2009). How do you feel--now? The anterior insula and human 

awareness. Nature reviews neuroscience, 10(1).  

 

Curtis, C. E., Lebow, B., Lake, D. S., Katsanis, J., & Iacono, W. G. (1999). Acoustic startle reflex 

in schizophrenia patients and their first-degree relatives: Evidence of normal emotional 

modulation. Psychophysiology, 36(4), 469-475. 

https://doi.org/10.1017/S0048577299980757  

 

Daly, M. P., Afroz, S., & Walder, D. J. (2012, Dec 30). Schizotypal traits and neurocognitive 

functioning among nonclinical young adults. Psychiatry Res, 200(2-3), 635-640. 

https://doi.org/10.1016/j.psychres.2012.06.016  

 

Das, P., Kemp, A. H., Flynn, G., Harris, A. W., Liddell, B. J., Whitford, T. J., Peduto, A., Gordon, 

E., & Williams, L. M. (2007, Feb). Functional disconnections in the direct and indirect 

amygdala pathways for fear processing in schizophrenia. Schizophr Res, 90(1-3), 284-

294. https://doi.org/10.1016/j.schres.2006.11.023  



      88 

 

de Achával, D., Costanzo, E. Y., Villarreal, M., Jáuregui, I. O., Chiodi, A., Castro, M. N., Fahrer, 

R. D., Leiguarda, R. C., Chu, E. M., & Guinjoan, S. M. (2010, 2010/04/01/). Emotion 

processing and theory of mind in schizophrenia patients and their unaffected first-degree 

relatives. Neuropsychologia, 48(5), 1209-1215. 

https://doi.org/http://dx.doi.org/10.1016/j.neuropsychologia.2009.12.019  

 

Denny, B. T., Kober, H., Wager, T. D., & Ochsner, K. N. (2012). A meta-analysis of functional 

neuroimaging studies of self-and other judgments reveals a spatial gradient for 

mentalizing in medial prefrontal cortex. Journal of cognitive Neuroscience, 24(8), 1742-

1752. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3806720/pdf/nihms520178.pdf  

 

Diekhof, E. K., Geier, K., Falkai, P., & Gruber, O. (2011). Fear is only as deep as the mind 

allows: a coordinate-based meta-analysis of neuroimaging studies on the regulation of 

negative affect. NeuroImage, 58(1), 275-285.  

 

Dieler, A. C., Plichta, M. M., Dresler, T., & Fallgatter, A. J. J. I. J. o. P. (2010). Suppression of 

emotional words in the Think/No-Think paradigm investigated with functional near-

infrared spectroscopy. 78(2), 129-135. 

https://www.sciencedirect.com/science/article/abs/pii/S0167876010006549?via%3Dihub  

 

Dolcos, F., Iordan, A. D., & Dolcos, S. (2011). Neural correlates of emotion-cognition 

interactions: A review of evidence from brain imaging investigations. Journal of 

Cognitive Psychology, 23(6), 669-694. https://doi.org/10.1080/20445911.2011.594433  

 

Dowd, E. C., & Barch, D. M. (2010, 12/09). Anhedonia and Emotional Experience in 

Schizophrenia: Neural and Behavioral Indicators. Biological psychiatry, 67(10), 902-911. 

https://doi.org/10.1016/j.biopsych.2009.10.020  

 

Dunn, B. D., Dalgleish, T., Lawrence, A. D., Cusack, R., & Ogilvie, A. D. (2004). Categorical 

and dimensional reports of experienced affect to emotion-inducing pictures in depression. 

Journal of abnormal psychology, 113(4), 654.  

 

Edwards, J., Jackson, H. J., & Pattison, P. E. (2002). Emotion recognition via facial expression 

and affective prosody in schizophrenia: a methodological review. Clin Psychol Rev, 

22(6), 789-832.  

 

Edwards, J., Pattison, P. E., Jackson, H. J., & Wales, R. J. (2001, Mar 30). Facial affect and 

affective prosody recognition in first-episode schizophrenia. Schizophr Res, 48(2-3), 235-

253.  

 

Ekman, P. (1999). Basic emotions. Handbook of cognition and emotion, 98(45-60), 16.  

 

Ekman, P., & Friesen, W. V. (1971). Constants across cultures in the face and emotion. J Pers 

Soc Psychol, 17(2), 124.  

 



      89 

Ellison-Wright, I., Glahn, D. C., Laird, A. R., Thelen, S. M., & Bullmore, E. (2008, 04/01). The 

Anatomy of First-Episode and Chronic Schizophrenia: An Anatomical Likelihood 

Estimation Meta-Analysis. Am J Psychiatry, 165(8), 1015-1023. 

https://doi.org/10.1176/appi.ajp.2008.07101562  

 

Erol, A., Mete, L., Sonmez, I., & Unal, E. K. (2010). Facial emotion recognition in patients with 

schizophrenia and their siblings. Nordic Journal of Psychiatry, 64(1), 63-67.  

 

Ettinger, U., Mohr, C., Gooding, D. C., Cohen, A. S., Rapp, A., Haenschel, C., & Park, S. (2015). 

Cognition and brain function in schizotypy: a selective review. Schizophrenia Bulletin, 41 

Suppl 2(suppl 2), S417-S426. https://doi.org/10.1093/schbul/sbu190  

 

Fett, A. K., Viechtbauer, W., Dominguez, M. D., Penn, D. L., van Os, J., & Krabbendam, L. 

(2011, Jan). The relationship between neurocognition and social cognition with functional 

outcomes in schizophrenia: a meta-analysis. Neurosci Biobehav Rev, 35(3), 573-588. 

https://doi.org/10.1016/j.neubiorev.2010.07.001  

 

Frith, C. D., & Frith, U. (2006, May 18). The neural basis of mentalizing. Neuron, 50(4), 531-

534. https://doi.org/10.1016/j.neuron.2006.05.001  

 

Fujimura, T., Matsuda, Y.-T., Katahira, K., Okada, M., & Okanoya, K. (2012). Categorical and 

dimensional perceptions in decoding emotional facial expressions. Cognition & emotion, 

26(4), 587-601. https://doi.org/10.1080/02699931.2011.595391  

 

Fusar-Poli, P., Placentino, A., Carletti, F., Landi, P., Allen, P., Surguladze, S., Benedetti, F., 

Abbamonte, M., Gasparotti, R., Barale, F., Perez, J., McGuire, P., & Politi, P. (2009, 

Nov). Functional atlas of emotional faces processing: a voxel-based meta-analysis of 105 

functional magnetic resonance imaging studies. J Psychiatry Neurosci, 34(6), 418-432. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2783433/pdf/0340418.pdf  

 

Gazzaniga, M., & Ivry, R. B. (2013). Cognitive Neuroscience: The Biology of the Mind: Fourth 

International Student Edition. WW Norton.  

 

Gold, J. M. (2004, Dec 15). Cognitive deficits as treatment targets in schizophrenia. Schizophr 

Res, 72(1), 21-28. https://doi.org/10.1016/j.schres.2004.09.008  

 

Goldin, P. R., McRae, K., Ramel, W., & Gross, J. J. (2008, Mar 15). The neural bases of emotion 

regulation: reappraisal and suppression of negative emotion. Biol Psychiatry, 63(6), 577-

586. https://doi.org/10.1016/j.biopsych.2007.05.031  

 

Grant, N., Lawrence, M., Preti, A., Wykes, T., & Cella, M. (2017, Jun 23). Social cognition 

interventions for people with schizophrenia: a systematic review focussing on 

methodological quality and intervention modality. Clin Psychol Rev, 56, 55-64. 

https://doi.org/10.1016/j.cpr.2017.06.001  

 



      90 

Green, M. F. (1996, Mar). What are the functional consequences of neurocognitive deficits in 

schizophrenia? Am J Psychiatry, 153(3), 321-330. https://doi.org/10.1176/ajp.153.3.321  

 

Green, M. F., Horan, W. P., & Lee, J. (2015). Social cognition in schizophrenia. Nature reviews. 

Neuroscience, 16(10), 620-631. https://doi.org/10.1038/nrn4005  

 

Green, M. F., Kern, R. S., & Heaton, R. K. (2004, Dec 15). Longitudinal studies of cognition and 

functional outcome in schizophrenia: implications for MATRICS. Schizophr Res, 72(1), 

41-51. https://doi.org/10.1016/j.schres.2004.09.009  

 

Green, M. F., Olivier, B., Crawley, J. N., Penn, D. L., & Silverstein, S. (2005). Social Cognition 

in Schizophrenia: Recommendations from the Measurement and Treatment Research to 

Improve Cognition in Schizophrenia New Approaches Conference. Schizophrenia 

Bulletin, 31(4), 882-887. https://doi.org/10.1093/schbul/sbi049  

 

Green, M. F., Penn, D. L., Bentall, R., Carpenter, W. T., Gaebel, W., Gur, R. C., Kring, A. M., 

Park, S., Silverstein, S. M., & Heinssen, R. (2008, Nov). Social cognition in 

schizophrenia: an NIMH workshop on definitions, assessment, and research 

opportunities. Schizophr Bull, 34(6), 1211-1220. https://doi.org/10.1093/schbul/sbm145  

 

Greenberg, L., & Vandekerckhove, M. (2009). Emotional Experience, Expression, and 

Regulation in the Psychotherapeutic Processes. In (pp. 240-268). 

https://doi.org/10.1002/9781444301786.ch10  

 

Grill-Spector, K., Knouf, N., & Kanwisher, N. (2004). The fusiform face area subserves face 

perception, not generic within-category identification. Nature neuroscience, 7(5), 555-

562.  

 

Gross, J. J. (1998, Jan). Antecedent- and response-focused emotion regulation: divergent 

consequences for experience, expression, and physiology. J Pers Soc Psychol, 74(1), 224-

237.  

 

Gross, J. J., & John, O. P. (2003, Aug). Individual differences in two emotion regulation 

processes: implications for affect, relationships, and well-being. J Pers Soc Psychol, 

85(2), 348-362.  

 

Gross, J. J., & Thompson, R. A. (2007). Emotion Regulation: Conceptual Foundations. In 

Handbook of emotion regulation (pp. 3-24). Guilford Press.  

 

Gur, R. E., Loughead, J., Kohler, C. G., Elliott, M. A., Lesko, K., Ruparel, K., Wolf, D. H., 

Bilker, W. B., & Gur, R. C. (2007, Dec). Limbic activation associated with 

misidentification of fearful faces and flat affect in schizophrenia. Arch Gen Psychiatry, 

64(12), 1356-1366. https://doi.org/10.1001/archpsyc.64.12.1356  

 

Habel, U., Chechko, N., Pauly, K., Koch, K., Backes, V., Romanczuk-Seiferth, N., Shah, N., 

Stoecker, T., Schneider, F., & Kellermann, T. (2010). Neural correlates of emotion 



      91 

recognition in schizophrenia (Vol. 122). Schizophrenia research. 

https://doi.org/10.1016/j.schres.2010.06.009  

 

Hallam, G. P., Webb, T. L., Sheeran, P., Miles, E., Wilkinson, I. D., Hunter, M. D., Barker, A. T., 

Woodruff, P. W. R., Totterdell, P., Lindquist, K. A., & Farrow, T. F. D. (2015). The Neural 

Correlates of Emotion Regulation by Implementation Intentions. PLOS ONE, 10(3), 

e0119500. https://doi.org/10.1371/journal.pone.0119500  

 

Harvey, P. D., & Penn, D. (2010, 02/). Social Cognition: The Key Factor Predicting Social 

Outcome in People with Schizophrenia? Psychiatry (Edgmont), 7(2), 41-44. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2848464/  

 

Haxby, J. V., Hoffman, E. A., & Gobbini, M. I. (2002, Jan 01). Human neural systems for face 

recognition and social communication. Biol Psychiatry, 51(1), 59-67.  

 

Herbener, E. S., Hill, S. K., Marvin, R. W., & Sweeney, J. A. (2005, Sep). Effects of 

antipsychotic treatment on emotion perception deficits in first-episode schizophrenia. Am 

J Psychiatry, 162(9), 1746-1748. https://doi.org/10.1176/appi.ajp.162.9.1746  

 

Higgins, E. T., & Bargh, J. A. (1987). Social cognition and social perception. Annu Rev Psychol, 

38(1), 369-425.  

 

Hofer, A., Baumgartner, S., Bodner, T., Edlinger, M., Hummer, M., Kemmler, G., Rettenbacher, 

M. A., & Fleischhacker, W. W. (2005, Aug). Patient outcomes in schizophrenia II: the 

impact of cognition. Eur Psychiatry, 20(5-6), 395-402. 

https://doi.org/10.1016/j.eurpsy.2005.02.006  

 

Holthausen, E. A., Wiersma, D., Cahn, W., Kahn, R. S., Dingemans, P. M., Schene, A. H., & van 

den Bosch, R. J. (2007, Jan 15). Predictive value of cognition for different domains of 

outcome in recent-onset schizophrenia. Psychiatry Res, 149(1-3), 71-80. 

https://doi.org/10.1016/j.psychres.2005.07.037  

 

Horan, W. P., Hajcak, G., Wynn, J. K., & Green, M. F. (2013). Impaired emotion regulation in 

schizophrenia: evidence from event-related potentials. Psychological medicine, 43(11), 

2377. https://doi.org/10.1017/S0033291713000019  

 

Horan, W. P., Iacoboni, M., Cross, K. A., Korb, A., Lee, J., Nori, P., Quintana, J., Wynn, J. K., & 

Green, M. F. (2014). Self-reported empathy and neural activity during action imitation 

and observation in schizophrenia. Neuroimage Clin, 5, 100-108. 

https://doi.org/10.1016/j.nicl.2014.06.006  

 

Huepe, D., Riveros, R., Manes, F., Couto, B., Hurtado, E., Cetkovich, M., Escobar, M., Vergara, 

V., Parrao, T., & Ibañez, A. (2012). The relationship of clinical, cognitive and social 

measures in schizophrenia: a preliminary finding combining measures in probands and 

relatives. BEHAVIOURAL NEUROLOGY, 25(2), 137-150.  

 



      92 

Irani, F., Platek, S. M., Panyavin, I. S., Calkins, M. E., Kohler, C., Siegel, S. J., Schachter, M., 

Gur, R. E., & Gur, R. C. (2006, Dec). Self-face recognition and theory of mind in patients 

with schizophrenia and first-degree relatives. Schizophr Res, 88(1-3), 151-160. 

https://doi.org/10.1016/j.schres.2006.07.016  

 

Isaacowitz, D. M., Livingstone, K. M., & Castro, V. L. (2017). Aging and emotions: experience, 

regulation, and perception. Current opinion in psychology, 17, 79-83. 

https://doi.org/10.1016/j.copsyc.2017.06.013  

 

Janssen, I., Krabbendam, L., Jolles, J., & van Os, J. (2003, Aug). Alterations in theory of mind in 

patients with schizophrenia and non-psychotic relatives. Acta Psychiatr Scand, 108(2), 

110-117.  

 

Johnston, P. J., Stojanov, W., Devir, H., & Schall, U. (2005). Functional MRI of facial emotion 

recognition deficits in schizophrenia and their electrophysiological correlates. European 

Journal of Neuroscience, 22(5), 1221-1232.  

 

Kahn, R. S., & Keefe, R. S. (2013, Oct). Schizophrenia is a cognitive illness: time for a change 

in focus. JAMA Psychiatry, 70(10), 1107-1112. 

https://doi.org/10.1001/jamapsychiatry.2013.155  

 

Kalisch, R. (2009, Sep). The functional neuroanatomy of reappraisal: time matters. Neurosci 

Biobehav Rev, 33(8), 1215-1226. https://doi.org/10.1016/j.neubiorev.2009.06.003  

 

Keedwell, P. A., Andrew, C., Williams, S. C., Brammer, M. J., & Phillips, M. L. (2005, Dec 01). 

The neural correlates of anhedonia in major depressive disorder. Biol Psychiatry, 58(11), 

843-853. https://doi.org/10.1016/j.biopsych.2005.05.019  

 

Kennedy, D. P., & Adolphs, R. (2010). Impaired fixation to eyes following amygdala damage 

arises from abnormal bottom-up attention. Neuropsychologia, 48(12), 3392-3398.  

 

Kestemont, J., Ma, N., Baetens, K., Clément, N., Van Overwalle, F., & Vandekerckhove, M. 

(2015). Neural correlates of attributing causes to the self, another person and the 

situation. Social Cognitive and Affective Neuroscience, 10(1), 114-121. 

https://doi.org/10.1093/scan/nsu030  

 

Killgore, W. D., & Yurgelun-Todd, D. A. (2004). Activation of the amygdala and anterior 

cingulate during nonconscious processing of sad versus happy faces. NeuroImage, 21(4), 

1215-1223.  

 

Kober, H., Barrett, L. F., Joseph, J., Bliss-Moreau, E., Lindquist, K., & Wager, T. D. (2008, Aug 

15). Functional grouping and cortical-subcortical interactions in emotion: a meta-analysis 

of neuroimaging studies. NeuroImage, 42(2), 998-1031. 

https://doi.org/10.1016/j.neuroimage.2008.03.059  

 



      93 

Kohler, C. G., Richard, J. A., Brensinger, C. M., Borgmann-Winter, K. E., Conroy, C. G., 

Moberg, P. J., Gur, R. C., Gur, R. E., & Calkins, M. E. (2014, May 15). Facial emotion 

perception differs in young persons at genetic and clinical high-risk for psychosis. 

Psychiatry Res, 216(2), 206-212. https://doi.org/10.1016/j.psychres.2014.01.023  

 

Kohler, C. G., Walker, J. B., Martin, E. A., Healey, K. M., & Moberg, P. J. (2010, Sep). Facial 

emotion perception in schizophrenia: a meta-analytic review. Schizophr Bull, 36(5), 

1009-1019. https://doi.org/10.1093/schbul/sbn192  

 

Kragel, P. A., & LaBar, K. S. J. T. i. c. s. (2016). Decoding the nature of emotion in the brain. 

20(6), 444-455.  

 

Kring, A. M., & Elis, O. (2013). Emotion deficits in people with schizophrenia. Annu Rev Clin 

Psychol, 9, 409-433. https://doi.org/10.1146/annurev-clinpsy-050212-185538  

 

Kring, A. M., & Moran, E. K. (2008). Emotional Response Deficits in Schizophrenia: Insights 

From Affective Science. Schizophrenia Bulletin, 34(5), 819-834. 

https://doi.org/10.1093/schbul/sbn071  

 

Kucharska-Pietura, K., David, A. S., Masiak, M., & Phillips, M. L. (2005, Dec). Perception of 

facial and vocal affect by people with schizophrenia in early and late stages of illness. Br 

J Psychiatry, 187, 523-528. https://doi.org/10.1192/bjp.187.6.523  

 

Lavoie, M. A., Plana, I., Bedard Lacroix, J., Godmaire-Duhaime, F., Jackson, P. L., & Achim, A. 

M. (2013, Sep 30). Social cognition in first-degree relatives of people with schizophrenia: 

a meta-analysis. Psychiatry Res, 209(2), 129-135. 

https://doi.org/10.1016/j.psychres.2012.11.037  

 

Lavoie, M. A., Plana, I., Jackson, P. L., Godmaire-Duhaime, F., Bédard Lacroix, J., & Achim, A. 

M. (2014, 2014/12/15/). Performance in multiple domains of social cognition in parents 

of patients with schizophrenia. Psychiatry Res, 220(1), 118-124. 

https://doi.org/http://dx.doi.org/10.1016/j.psychres.2014.07.055  

 

LeDoux, J. E. (2014). Coming to terms with fear. Proceedings of the National Academy of 

Sciences, 111(8), 2871-2878.  

 

Leitman, D. I., Loughead, J., Wolf, D. H., Ruparel, K., Kohler, C. G., Elliott, M. A., Bilker, W. 

B., Gur, R. E., & Gur, R. C. (2008, Jul). Abnormal superior temporal connectivity during 

fear perception in schizophrenia. Schizophr Bull, 34(4), 673-678. 

https://doi.org/10.1093/schbul/sbn052  

 

Leung, W. W. (2006). Experience and expression of emotion in social anhedonia: An 

examination of film -induced social affiliative state in schizotypy ProQuest Dissertations 

Publishing].  

 



      94 

Li, H., Chan, R. C. K., McAlonan, G. M., & Gong, Q.-y. (2010, 03/30). Facial Emotion 

Processing in Schizophrenia: A Meta-analysis of Functional Neuroimaging Data. 

Schizophrenia Bulletin, 36(5), 1029-1039. https://doi.org/10.1093/schbul/sbn190  

 

Mar, R. A. (2011). The neural bases of social cognition and story comprehension. Annu Rev 

Psychol, 62, 103-134. https://doi.org/10.1146/annurev-psych-120709-145406  

 

Matsuda, Y.-T., Fujimura, T., Katahira, K., Okada, M., Ueno, K., Cheng, K., & Okanoya, K. 

(2013). The implicit processing of categorical and dimensional strategies: An fMRI study 

of facial emotion perception. Frontiers in Human Neuroscience, 7, 551. 

https://doi.org/10.3389/fnhum.2013.00551  

 

Mayer, J. D., Salovey, P., & Caruso, D. R. (2000). Models of emotional intelligence. Cambridge 

University Press.  

 

Mayer, J. D., Salovey, P., & Caruso, D. R. (2002). Mayer-Salovey-Caruso emotional intelligence 

test (MSCEIT) item booklet.  

 

Mayer, J. D., Salovey, P., Caruso, D. R., & Sitarenios, G. (2001). Emotional intelligence as a 

standard intelligence.  

 

McCleery, A., Divilbiss, M., St-Hilaire, A., Aakre, J. M., Seghers, J. P., Bell, E. K., & Docherty, 

N. M. (2012). Predicting Social Functioning in Schizotypy: An Investigation of the 

Relative Contributions of Theory of Mind and Mood. J Nerv Ment Dis, 200(2), 147-152. 

https://doi.org/10.1097/NMD.0b013e3182439533  

 

McRae, K., Hughes, B., Chopra, S., Gabrieli, J. D., Gross, J. J., & Ochsner, K. N. (2010, Feb). 

The neural bases of distraction and reappraisal. J Cogn Neurosci, 22(2), 248-262. 

https://doi.org/10.1162/jocn.2009.21243  

 

Melley, A. H., Oltmanns, T. F., & Turkheimer, E. (2002, Jun). The Schedule for Nonadaptive and 

Adaptive Personality (SNAP): temporal stability and predictive validity of the diagnostic 

scales. Assessment, 9(2), 181-187. https://doi.org/10.1177/10791102009002009  

 

Michaels, T. M., Horan, W. P., Ginger, E. J., Martinovich, Z., Pinkham, A. E., & Smith, M. J. 

(2014, Sep 4). Cognitive empathy contributes to poor social functioning in schizophrenia: 

Evidence from a new self-report measure of cognitive and affective empathy. Psychiatry 

Res. https://doi.org/10.1016/j.psychres.2014.08.054  

 

Modenato, C., & Draganski, B. (2015, 2015/06/01/). The concept of schizotypy — A 

computational anatomy perspective. Schizophrenia Research: Cognition, 2(2), 89-92. 

https://doi.org/http://dx.doi.org/10.1016/j.scog.2015.05.001  

 

Mohanty, A., Herrington, J. D., Koven, N. S., Fisher, J. E., Wenzel, E. A., Webb, A. G., Heller, 

W., Banich, M. T., & Miller, G. A. (2005). Neural mechanisms of affective interference in 

schizotypy. Journal of abnormal psychology, 114(1), 16.  



      95 

 

Montag, C., Neuhaus, K., Lehmann, A., Kruger, K., Dziobek, I., Heekeren, H. R., Heinz, A., & 

Gallinat, J. (2012, Apr). Subtle deficits of cognitive theory of mind in unaffected first-

degree relatives of schizophrenia patients. Eur Arch Psychiatry Clin Neurosci, 262(3), 

217-226. https://doi.org/10.1007/s00406-011-0250-2  

 

Morris, R., Sparks, A., Mitchell, P., Weickert, C., & Green, M. (2012). Lack of cortico-limbic 

coupling in bipolar disorder and schizophrenia during emotion regulation. Translational 

psychiatry, 2(3), e90-e90.  

 

Namiki, C., Hirao, K., Yamada, M., Hanakawa, T., Fukuyama, H., Hayashi, T., & Murai, T. 

(2007). Impaired facial emotion recognition and reduced amygdalar volume in 

schizophrenia. Psychiatry Research: Neuroimaging, 156(1), 23-32.  

 

O’Doherty, J., Winston, J., Critchley, H., Perrett, D., Burt, D. M., & Dolan, R. J. (2003). Beauty 

in a smile: the role of medial orbitofrontal cortex in facial attractiveness. 

Neuropsychologia, 41(2), 147-155.  

 

Ochsner, K. N., Bunge, S. A., Gross, J. J., & Gabrieli, J. D. (2002). Rethinking feelings: an 

FMRI study of the cognitive regulation of emotion. Journal of cognitive Neuroscience, 

14(8), 1215-1229.  

 

Ochsner, K. N., & Gross, J. J. (2005, May). The cognitive control of emotion. Trends Cogn Sci, 

9(5), 242-249. https://doi.org/10.1016/j.tics.2005.03.010  

 

Panksepp, J. (2012). What is an emotional feeling? Lessons about affective origins from cross-

species neuroscience. Motivation and Emotion, 36(1), 4-15.  

 

Penn, D. L., Sanna, L. J., & Roberts, D. L. (2008). Social cognition in schizophrenia: an 

overview. Schizophrenia Bulletin, 34(3), 408-411. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2632430/pdf/sbn014.pdf  

 

Phillips, L. K., & Seidman, L. J. (2008, 07/21). Emotion Processing in Persons at Risk for 

Schizophrenia. Schizophrenia Bulletin, 34(5), 888-903. 

https://doi.org/10.1093/schbul/sbn085  

 

Pinkham, A. E., & Penn, D. L. (2006, Aug 30). Neurocognitive and social cognitive predictors of 

interpersonal skill in schizophrenia. Psychiatry Res, 143(2-3), 167-178. 

https://doi.org/10.1016/j.psychres.2005.09.005  

 

Pinkham, A. E., Penn, D. L., Green, M. F., Buck, B., Healey, K., & Harvey, P. D. (2014, Jul). The 

social cognition psychometric evaluation study: results of the expert survey and RAND 

panel. Schizophr Bull, 40(4), 813-823. https://doi.org/10.1093/schbul/sbt081  

 

Pinkham, A. E., Penn, D. L., Perkins, D. O., Graham, K. A., & Siegel, M. (2007, May). Emotion 

perception and social skill over the course of psychosis: a comparison of individuals "at-



      96 

risk" for psychosis and individuals with early and chronic schizophrenia spectrum illness. 

Cogn Neuropsychiatry, 12(3), 198-212. https://doi.org/10.1080/13546800600985557  

 

Pu, S., Nakagome, K., Itakura, M., Iwata, M., Nagata, I., & Kaneko, K. (2017). Association of 

fronto-temporal function with cognitive ability in schizophrenia. Scientific Reports, 7.  

 

Pu, S., Nakagome, K., Yamada, T., Itakura, M., Yamanashi, T., Yamada, S., Masai, M., Miura, A., 

Yamauchi, T., Satake, T., Iwata, M., Nagata, I., Roberts, D. L., & Kaneko, K. (2016). 

Social cognition and prefrontal hemodynamic responses during a working memory task 

in schizophrenia. Scientific Reports, 6, 22500.  

 

Quintana, J., Wong, T., Ortiz-Portillo, E., Marder, S. R., & Mazziotta, J. C. (2003, Jun 15). Right 

lateral fusiform gyrus dysfunction during facial information processing in schizophrenia. 

Biol Psychiatry, 53(12), 1099-1112.  

 

Reske, M., Kellermann, T., Habel, U., Jon Shah, N., Backes, V., von Wilmsdorff, M., Stocker, T., 

Gaebel, W., & Schneider, F. (2007, Dec). Stability of emotional dysfunctions? A long-

term fMRI study in first-episode schizophrenia. J Psychiatr Res, 41(11), 918-927. 

https://doi.org/10.1016/j.jpsychires.2007.02.009  

 

Riveros, R., Manes, F., Hurtado, E., Escobar, M., Reyes, M. M., Cetkovich, M., & Ibañez, A. 

(2010). Context-sensitive social cognition is impaired in schizophrenic patients and their 

healthy relatives. Schizophr Res, 116(2), 297-298.  

 

Ruiz, S., Birbaumer, N., & Sitaram, R. (2013). Abnormal Neural Connectivity in Schizophrenia 

and fMRI-Brain-Computer Interface as a Potential Therapeutic Approach. Frontiers in 

Psychiatry, 4, 17. https://doi.org/10.3389/fpsyt.2013.00017  

 

Sabatinelli, D., Fortune, E. E., Li, Q., Siddiqui, A., Krafft, C., Oliver, W. T., Beck, S., & Jeffries, 

J. (2011, Feb 01). Emotional perception: meta-analyses of face and natural scene 

processing. NeuroImage, 54(3), 2524-2533. 

https://doi.org/10.1016/j.neuroimage.2010.10.011  

 

Salovey, P. E., & Sluyter, D. J. (1997). Emotional development and emotional intelligence: 

Educational implications. Basic Books.  

 

Savla, G. N., Vella, L., Armstrong, C. C., Penn, D. L., & Twamley, E. W. (2013). Deficits in 

Domains of Social Cognition in Schizophrenia: A Meta-Analysis of the Empirical 

Evidence. Schizophrenia Bulletin, 39(5), 979-992. https://doi.org/10.1093/schbul/sbs080  

 

Schilbach, L., Bzdok, D., Timmermans, B., Fox, P. T., Laird, A. R., Vogeley, K., & Eickhoff, S. 

B. (2012). Introspective Minds: Using ALE Meta-Analyses to Study Commonalities in 

the Neural Correlates of Emotional Processing, Social & Unconstrained Cognition. PLOS 

ONE, 7(2), e30920. https://doi.org/10.1371/journal.pone.0030920  

 



      97 

Schultz, W. (2007). Multiple dopamine functions at different time courses. Annu Rev Neurosci, 

30, 259-288. https://doi.org/10.1146/annurev.neuro.28.061604.135722  

 

Seidel, E. M., Eickhoff, S. B., Kellermann, T., Schneider, F., Gur, R. C., Habel, U., & Derntl, B. 

(2010). Who is to blame? Neural correlates of causal attribution in social situations. Soc 

Neurosci, 5(4), 335-350. https://doi.org/10.1080/17470911003615997  

 

Shean, G., Bell, E., & Cameron, C. D. (2007, May). Recognition of nonverbal affect and 

schizotypy. J Psychol, 141(3), 281-291. https://doi.org/10.3200/jrlp.141.3.281-292  

 

Surguladze, S., Russell, T., Kucharska-Pietura, K., Travis, M. J., Giampietro, V., David, A. S., & 

Phillips, M. L. (2006, 2006/09/01/). A Reversal of the Normal Pattern of 

Parahippocampal Response to Neutral and Fearful Faces Is Associated with Reality 

Distortion in Schizophrenia. Biological psychiatry, 60(5), 423-431. 

https://doi.org/http://dx.doi.org/10.1016/j.biopsych.2005.11.021  

 

Swartz, M. S., Perkins, D. O., Stroup, T. S., Davis, S. M., Capuano, G., Rosenheck, R. A., 

Reimherr, F., McGee, M. F., Keefe, R. S., McEvoy, J. P., Hsiao, J. K., & Lieberman, J. A. 

(2007, Mar). Effects of antipsychotic medications on psychosocial functioning in patients 

with chronic schizophrenia: findings from the NIMH CATIE study. Am J Psychiatry, 

164(3), 428-436. https://doi.org/10.1176/ajp.2007.164.3.428  

 

Takahashi, H., Koeda, M., Oda, K., Matsuda, T., Matsushima, E., Matsuura, M., Asai, K., & 

Okubo, Y. (2004). An fMRI study of differential neural response to affective pictures in 

schizophrenia. NeuroImage, 22(3), 1247-1254.  

 

Taylor, S. F., Kang, J., Brege, I. S., Tso, I. F., Hosanagar, A., & Johnson, T. D. (2012, 10/11). 

Meta-analysis of functional neuroimaging studies of emotion perception and experience 

in schizophrenia. Biological psychiatry, 71(2), 136-145. 

https://doi.org/10.1016/j.biopsych.2011.09.007  

 

Taylor, S. F., & MacDonald, A. W. (2012, 09/30). Brain Mapping Biomarkers of Socio-

Emotional Processing in Schizophrenia. Schizophrenia Bulletin, 38(1), 73-80. 

https://doi.org/10.1093/schbul/sbr105  

 

Thakkar, K. N., Peterman, J. S., & Park, S. (2014, May). Altered brain activation during action 

imitation and observation in schizophrenia: a translational approach to investigating 

social dysfunction in schizophrenia. Am J Psychiatry, 171(5), 539-548. 

https://doi.org/10.1176/appi.ajp.2013.13040498  

 

Toomey, R., Seidman, L. J., Lyons, M. J., Faraone, S. V., & Tsuang, M. T. (1999, Nov 30). Poor 

perception of nonverbal social-emotional cues in relatives of schizophrenic patients. 

Schizophr Res, 40(2), 121-130.  

 

Trémeau, F. (2006). A review of emotion deficits in schizophrenia. Dialogues in Clinical 

Neuroscience, 8(1), 59-70. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3181757/  



      98 

 

van der Meer, L., Groenewold, N. A., Nolen, W. A., Pijnenborg, M., & Aleman, A. (2011). 

Inhibit yourself and understand the other: Neural basis of distinct processes underlying 

Theory of Mind. NeuroImage, 56(4), 2364-2374. 

https://doi.org/10.1016/j.neuroimage.2011.03.053  

 

van der Meer, L., Groenewold, N. A., Pijnenborg, M., & Aleman, A. (2013). Psychosis-proneness 

and neural correlates of self-inhibition in theory of mind. PLOS ONE, 8(7).  

 

van der Meer, L., Swart, M., van der Velde, J., Pijnenborg, G., Wiersma, D., Bruggeman, R., & 

Aleman, A. (2014). Neural Correlates of Emotion Regulation in Patients with 

Schizophrenia and Non-Affected Siblings. PLOS ONE, 9(6), e99667. 

https://doi.org/10.1371/journal.pone.0099667  

 

Van Overwalle, F., & Baetens, K. (2009, Nov 15). Understanding others' actions and goals by 

mirror and mentalizing systems: a meta-analysis. NeuroImage, 48(3), 564-584. 

https://doi.org/10.1016/j.neuroimage.2009.06.009  

 

van Rijn, S., Schothorst, P., Wout, M., Sprong, M., Ziermans, T., van Engeland, H., Aleman, A., 

& Swaab, H. (2011, May 15). Affective dysfunctions in adolescents at risk for psychosis: 

emotion awareness and social functioning. Psychiatry Res, 187(1-2), 100-105. 

https://doi.org/10.1016/j.psychres.2010.10.007  

 

Vuilleumier, P., & Pourtois, G. (2007, Jan 07). Distributed and interactive brain mechanisms 

during emotion face perception: evidence from functional neuroimaging. 

Neuropsychologia, 45(1), 174-194. 

https://doi.org/10.1016/j.neuropsychologia.2006.06.003  

 

Wacker, J., Dillon, D. G., & Pizzagalli, D. A. (2009, May 15). The role of the nucleus accumbens 

and rostral anterior cingulate cortex in anhedonia: integration of resting EEG, fMRI, and 

volumetric techniques. NeuroImage, 46(1), 327-337. 

https://doi.org/10.1016/j.neuroimage.2009.01.058  

 

Waldeck, T. L., & Miller, L. S. (2000). Social skills deficits in schizotypal personality disorder. 

Psychiatry Res, 93(3), 237-246.  

 

Wicker, B., Keysers, C., Plailly, J., Royet, J.-P., Gallese, V., & Rizzolatti, G. (2003, 2003/10/30/). 

Both of Us Disgusted in My Insula. Neuron, 40(3), 655-664. 

https://doi.org/http://dx.doi.org/10.1016/S0896-6273(03)00679-2  

 

Williams, B. T., Henry, J. D., & Green, M. J. (2007). Facial affect recognition and schizotypy. 

Early intervention in psychiatry, 1(2), 177-182.  

 

Williams, L. M., Das, P., Harris, A. W., Liddell, B. B., Brammer, M. J., Olivieri, G., Skerrett, D., 

Phillips, M. L., David, A. S., & Peduto, A. (2004). Dysregulation of arousal and 



      99 

amygdala-prefrontal systems in paranoid schizophrenia. American Journal of Psychiatry, 

161(3), 480-489.  

 

Williams, L. M., Das, P., Liddell, B. J., Olivieri, G., Peduto, A. S., David, A. S., Gordon, E., & 

Harris, A. W. (2007, May 15). Fronto-limbic and autonomic disjunctions to negative 

emotion distinguish schizophrenia subtypes. Psychiatry Res, 155(1), 29-44. 

https://doi.org/10.1016/j.pscychresns.2006.12.018  

 

Wolf, R. C., Pujara, M., Baskaya, M. K., & Koenigs, M. (2016). Emotion recognition deficits 

associated with ventromedial prefrontal cortex lesions are improved by gaze 

manipulation. Cortex; a journal devoted to the study of the nervous system and behavior, 

82, 255-262. https://doi.org/10.1016/j.cortex.2016.06.017  

 

Wout, M. V., Aleman, A., Kessels, R. P., Larøi, F., & Kahn, R. S. (2004). Emotional processing in 

a non-clinical psychosis-prone sample. Schizophr Res, 68(2), 271-281.  



 100 

Chapter 4: Near-infrared Spectroscopy and its Potential Utility for Biomarkers Detection 

and Treatment Targeting Emotion Processing Impairments. 

Social cognition is increasingly becoming recognised as a viable treatment target for 

schizophrenia spectrum disorders, owing to the growing body of evidence linking community 

functioning to social cognitive abilities (detailed in the previous chapter). Consequently, recent 

investigations have focused on the use of psychological and pharmacological treatments for 

reducing negative symptoms and improving social cognition (Couture et al., 2006; Eack et al., 

2010; Fett et al., 2011; Kahn & Keefe, 2013). Although pharmacological treatments have been 

found to be effective in managing cognitive-perceptual symptoms, evidence suggests they only 

have a modest impact on social cognition and community functioning (Harvey & Penn, 2010; 

Swartz et al., 2007). Therefore, researchers have focused their attention on developing cognitive 

remediation interventions that target symptoms more broadly using several learning strategies, 

including positive reinforcement, scaffolding, massed practice, and errorless learning (Barlati et 

al., 2013; Cella et al., 2015; Murray et al., 2016; Peyroux & Franck, 2016).  

Targeted Social Cognitive Remediation 

Cognitive remediation interventions, especially those which target social cognitive 

impairments, have been suggested as a promising approach to improving community functioning 

outcomes (Wölwer & Frommann, 2011). A meta-analysis by Kurtz et al. (2016) examined the 

effectiveness of social cognitive training programs in schizophrenia and found large 

improvements for interventions targeting affect recognition and ToM, and moderate 

improvements for social perception and attribution style. Another meta-analysis by Fiszdon and 

Reddy (2012) examined the effectiveness of psychological programs targeting social processes 

and functional outcomes in people with psychosis and found substantial improvements in core 
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social cognitive processes, including emotion recognition and social perception, but only limited 

improvement in complex processes, including ToM and attribution style. Taken together, these 

findings suggest that cognitive remediation and social skills training are useful for improving 

social cognition among those with schizophrenia spectrum disorders, especially in lower-order 

processes, such as emotion processing (Harvey & Penn, 2010). 

Social cognitive remediation is time consuming, labour intensive and costly (Barlati et 

al., 2013). Therefore, it is important to maximise the effectiveness of interventions. Some 

researchers suggest that social impairments are more amenable to cognitive remediation during 

the earlier phases of illness progression, rather than in chronicity (Deste et al., 2019; Parry, 

1992). For example, Corbera et al. (2017) found that patients receiving cognitive remediation in 

the early-stage (<25 years) or early chronic stage (26-39 years) showed greater improvements in 

cognitive skills relative to those in the late-chronic stage (>40 years). Likewise, Bowie et al. 

(2014) found that, after receiving cognitive remediation, early-stage patients with schizophrenia 

(duration <5 years) showed greater improvements in neurocognition, social and adaptive 

competence, and real-world functional skills compares to chronic stage patients (duration >15 

years). A recent meta-analysis also found that social communication can be improved as a result 

of earlier cognitive interventions among children with autism spectrum disorder (Fuller & 

Kaiser, 2020). Collectively, these findings suggest that researchers could advance treatments 

methods by studying biomarkers that allow for targeted interventions and earlier detection for 

those at high risk of illness progression (Grant et al., 2017). 

Using Biomarkers for Earlier Diagnosis and Treatment 

Schizophrenia spectrum disorders are often characterised by progressive deterioration, 

with the decline of social function emerging early in illness onset (Häfner & Maurer, 2006). 
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Investigators have repeatedly emphasised the importance of early diagnosis and pre-emptive 

treatment of schizophrenia spectrum disorder to prevent or postpone illness onset, reducing the 

severity of symptoms, or at least ameliorating the social consequences (Bechdolf et al., 2005; 

Lewis et al., 2002; McGlashan & Johannessen, 1996; McGorry et al., 2002). The current 

diagnostic methods for schizophrenia, including clinical interviews and careful observations by 

trained medical staff, are symptom-based and rely on initial deterioration and noticeable 

dysfunction (Haller et al., 2014). Therefore, increased diagnostic accuracy can only be obtained 

at the cost of delaying treatment, meaning these assessment methods are helpful but insufficient 

for early detection (Häfner & Maurer, 2006; Koike et al., 2011). It would be unethical for early 

detection to be prioritised over diagnostic accuracy owing to the increased probability of 

premature and unnecessary treatment leading to possible stigma, distress, and resource allocation 

(McGorry et al., 2001; Warner, 2001). Consequently, investigators have prioritised their focus to 

search for possible biomarkers which could be used to objectively diagnose disorders earlier in 

illness onset (Guo et al., 2013; Kim et al., 2010; Oertel-Knochel et al., 2012; Wylie et al., 2016). 

It is with this aim in mind that the term biomarker is used throughout this thesis. 

A biomarker refers to a molecular change in body tissues and fluids that can be used as an 

indicator for psychological conditions, such as schizophrenia (Weickert et al., 2013). Biomarkers 

can be developed for three reasons: diagnostic (to classify as having a disease), prognostic (to 

predict who will develop a disease), or theranostic (to predict the response to a treatment). 

Nonetheless, it is important to note that biomarkers which are useful for one purpose (i.e., 

diagnosis) are not necessarily going to be useful for another purpose (i.e., response to treatment). 

The goal of finding biomarkers for schizophrenia spectrum disorders dates back to at least 1965 

with a Nature paper entitled “Phenolic and indoleamines in the urine of schizophrenics” 
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(Takesada et al., 1965), indicating that biomarkers have been sought for several decades. It is 

unlikely that there is a single biomarker that can identify all cases of schizophrenia given that 

disorders have multiple causes with distinct neurobiological mechanisms (Weickert et al., 2013).  

For a biomarker to be practically useful, it must be able to distinguish between normal 

and abnormal functioning with an acceptable level of sensitivity, specificity, and predictive value 

(Kraemer et al., 2002). The APA Work Group on Neuroimaging Markers of Psychiatric Disorders 

suggests several criteria that should be met to establish the validity of a neuroimaging biomarker, 

including a sensitivity >80% in detecting a particular psychiatric disorder, a specificity >80% in 

distinguishing this disorder from other psychiatric disorders, a positive predictive value of 

approximately 90%, and confirmation by at least two independent sources published in peer-

reviewed journals (Botteron et al., 2012). Because of these demanding criteria and the necessity 

for a great deal of time, money and coordinated effort to identify, replicate, and validate 

biomarkers, it is not surprising that no biomarkers have been found for use in the schizophrenia 

spectrum (Falkai, 2011; Weickert et al., 2013). Although there are currently no objective 

biological measures to inform diagnostic or treatment decision in schizophrenia spectrum 

disorders, neuroimaging is well positioned for biomarker development as it may capture 

phenotypic variations in brain circuits (Kraguljac et al., 2021). Several candidate biomarkers 

have been identified through neuroimaging, including N-Methyl-D-aspartate receptor 

hypofunction (de la Fuente-Sandoval et al., 2013; Moghaddam & Javitt, 2012), hippocampal 

hyperactivity (Talati et al., 2015; Tregellas et al., 2014), cortical gray matter volume reduction in 

fronto-temporal regions (Gur et al., 1999; Thompson et al., 2001), and reduced functional 

connectivity of the striatum, superior temporal cortex, and prefrontal cortex (Cao et al., 2020; 

Kambeitz et al., 2015; Sarpal et al., 2015). 
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Neuroimaging for Biomarker Screening 

One of the main aims of neuroimaging research is to establish neural correlates of 

psychological disorders which can be used as an objective indicator of abnormal physiological 

functioning or a quantitative measure for the effectiveness of psychosocial or pharmacological 

treatments in restoring “normality” (Brammer, 2009; Hager & Keshavan, 2015; Wylie et al., 

2016). Neuroimaging techniques allow for the in vivo measurement of brain structures and 

functions (Brammer, 2009). Structural neuroimaging techniques, including magnetic resonance 

imaging (MRI), computed tomography (CT), and diffusion tensor imaging (DTI), investigate the 

anatomy of the brain by measuring physical properties of grey matter, white matter and 

cerebrospinal fluids (Gazzaniga & Ivry, 2013). Functional neuroimaging techniques, including 

electroencephalography (EEG), positron emission tomography (PET) and functional magnetic 

resonance imaging (fMRI), investigate brain function by measuring either electrophysiological 

or metabolic (especially hemodynamic) activity (Burle et al., 2015). Researchers consider two 

important characteristics when determined which technique to use for a given purpose: spatial 

and temporal resolution. Spatial resolution refers to the precision a technique identifies which 

area of the brain is active, while temporal resolution describes its precision in indicating the time 

the activation happened or its time course (Lystad & Pollard, 2009). Metabolic-based techniques 

typically have very good spatial resolution, but a rather poor temporal resolution, while 

electrophysiological-based techniques usually have an excellent temporal resolution and poor 

spatial resolution (Burle et al., 2015). Figure 4.1 illustrates a comparative view of the various 

neuroimaging techniques on a bi-dimensional resolution model. 
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scans, making it a valuable method for discovering new biomarkers and monitoring the 

effectiveness of treatments (Wylie et al., 2016). 

Hager and Keshavan (2015) conducted a review of structural MRI studies and identified 

several potential biomarkers of schizophrenia, including reduced grey matter thickness and 

enlarged third ventricle among people with first-episode psychosis (Cannon et al., 2015), 

structural alterations in the frontotemporal regions of familiar high risk adolescents (Thermenos 

et al., 2013), and progressive reduction in the superior temporal cortices during the early course 

of schizophrenia (Mattai et al., 2011). Studies of fMRI have also yielded some candidate 

biomarkers for schizophrenia, including intrinsic hippocampal hyperactivity and dysfunction 

within large-scale networks (Tregellas, 2014), abnormal hemispheric asymmetry (Guo et al., 

2013; Oertel-Knochel et al., 2012; Royer et al., 2015), and deficits in prefrontal cortex activity 

(Wylie et al., 2016). Nonetheless, few functional biomarkers have been verified and no 

actionable biomarkers are yet ready for clinical use (Hager & Keshavan, 2015). Three main 

challenges have limited the development of neuroimaging biomarkers in schizophrenia: internal 

heterogeneity, different analytic approaches, and clinical utility (Kraguljac wt al., 2021). 

Additional limitations, including poor statistical power of previous studies and high costs of 

neuroimaging, have also hindered progress on the biomarker identification front (Fornito et al., 

2008; Koike et al., 2011; Koutsouleris et al., 2009). Recent advances in neuroimaging, such as 

new technologies and machine learning techniques, are helping to overcome these challenges 

and bringing us closer to the goal of developing objective, brain-based markers of the neural 

functions and neuropathology that underlying schizophrenia spectrum disorders (Woo et al., 

2015). 
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Near-infrared Spectroscopy 

fNIRS is an emerging neuroimaging technique which uses infrared light to measure 

haemodynamic changes in cortical tissue as an indicator of neural activity and is considered by 

many researchers to be a suitable tool for use in clinical practice owing to its relative cost-

effectiveness, simplicity, portability, and insensitivity to motion artifacts(Boas et al., 2004; Tian 

et al., 2009). fNIRS operates in relation to the haemodynamic response, whereby activated 

regions of the brain experience high metabolic demands and an increase in oxygen consumption 

(Ferreri et al., 2014). The increased oxygen consumption results in an initial reduction of 

oxygenated haemoglobin (O2Hb) and subsequent rise in deoxygenated haemoglobin (HHb), 

followed by an increase in cerebral blood flow to the region which consequently increases the 

O2Hb and lowers HHb (Fekete, Beacher, Cha, Rubin, & Mujica-Parodi, 2014). fNIRS capitalises 

on the changing optical properties in cortical tissue by emitting various wavelengths of near 

infrared light into the cortex, whereby it is either absorbed, scatter or reflected, and detecting the 

amount of light which is redirected back towards the skull (Irani et al., 2007). Figure 4.2 

illustrates how fNIRS utilises light to detect changes in relation to the hemodynamic response. 

Emitter and detector optodes are positioned 3cm apart across the skull, the emitter emanates light 

into the cortical tissue, whereby the receiver optode detects the quantity of reflected light. The 

level of oxygenation determines the absorption properties of haemoglobin, with activated brain 

regions absorbing more light owing to the higher O2Hb levels (Fekete et al., 2014). 
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Figure 4.2. Illustration of the fNIRS setup (left) and the function of NIR light in relation to the 

haemodynamic response (right). 

Strengths and Limitations of fNIRS. fNIRS has been suggested to be a valuable tool in 

researching psychological disorders owing to several advantages it holds over other 

neuroimaging techniques. Arguably, the most important advantage of fNIRS is its high 

ecological validity, as it is able to be used in natural environments and is less susceptible to data 

corruption from participant movement, compared to other neuroimaging techniques (particularly 

the head) (Fekete et al., 2014; Irani et al., 2007; Suda et al., 2010). This is beneficial in studying 

clinical populations, particular those with schizophrenia, owing to the lower physical and 

psychological burden on patients and reduced need for controlling their actions (Irani et al., 

2007). A second advantage of fNIRS is its cost effectiveness to purchase, use and maintain 

relative to the more expensive fMRI and PET approaches (Fekete et al., 2014). Third, in addition 

to being relatively easy to use, most modern fNIRS systems are portable in size, enabling them to 

be used in a wider variety of environments, include in patients’ homes (Irani et al., 2007). The 

fourth primary advantage is its capacity to research fields which are difficult to control using 

other neuroimaging techniques. For example, fNIRS can be helpful in the study of linguistic or 

auditory topics as it does not produce instrumental noise like other neuroimaging systems (Irani 
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et al., 2007; Suda et al., 2010). Fifth, fNIRS is capable of measuring neural activation in multiple 

participants simultaneously, making it useful in the study of communication and teamwork-based 

topics (Suda et al., 2010). Other advantages of fNIRS include its suitability for collecting data 

from larger cohorts, higher temporal resolution compared to fMRI, higher spatial resolution 

compared to EEG, capacity to be used in combination with other neuroimaging techniques 

(Fekete et al., 2014; Irani et al., 2007). 

fNIRS has been found to have high validity and reliability (Fekete et al., 2014; Irani et 

al., 2007). Most previous studies have shown that, although within-subject fNIRS reproducibility 

have been shown to be small, fNIRS signals are high reproducible at the group level (Dravida et 

al., 2018; Kakimoto et al., 2009; Schecklmann et al., 2008). Blasi et al. (2014) examined the test-

rest reliability of fNIRS during a social perception task over an 8.5-month period and found good 

signal reliability (r = 0.91). fNIRS findings have also been repeatedly validated using fMRI with 

highly consistent results (Kato et al., 2002; Schroeter et al., 2006; Strangman et al., 2002; 

Toronov et al., 2001). Huppert et al. (2006) performed simultaneous fNIRS and fMRI during an 

event-related motor activity and found that the fMRI measured BOLD response was correlated 

with the fNIRS measure of O2Hb (r = 0.71, p < .01), HHb (r = 0.98, p < .01), and total 

haemoglobin (r = 0.53, p < .05). 

Despite the many advantages of fNIRS as a research tool, there are several limitations 

which need to be taken into consideration. First, fNIRS has poorer spatial resolution compared to 

other more established neuroimaging techniques, such as fMRI and PET, as well as poorer 

temporal resolution compared to EEG (Irani et al., 2007). Second, although cortical tissue is 

somewhat transparent to near-infrared light, the light can only penetrate tissue to a depth of 

approximately 4 cm; therefore, fNIRS is limited to measuring functional cortical activity and 
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blind to subcortical information (Fekete et al., 2014). Third, the haemodynamic response can be 

sluggish and delayed, often not occurring until 15 s after introduction of a stimulus and 

maintaining for several seconds after the removal of a stimulus (Irani et al., 2007). Thus, research 

involving rapid presentation of stimuli is challenging if not impossible to monitor using fNIRS. 

Fourth, cranial reference points can vary from one person to the next and there is currently no 

standardised approach to data analysis (Koike, Nishimura, et al., 2013). Fifth, data collection can 

often require larger samples and therefore is often time-consuming (Irani et al., 2007). Finally, 

because fNIRS requires direct contact with the scalp, atrophy, swelling, lesions, and skin 

pigmentation can have problematic influences on signal detection (Irani et al., 2007; Koike, 

Nishimura, et al., 2013). Nonetheless, it is important to note that fNIRS is still in its infancy 

compared to the other more established neuroimaging techniques, thus, it is expected that many 

of the limitations will be eliminated as the technology improves (Irani et al., 2007).   

fNIRS and Emotion Processing in Schizophrenia Spectrum Disorders. Although 

fNIRS has several shortcomings compared to other neuroimaging techniques, it may be a 

candidate instrument for clinical use in psychiatry owing to its many ecological, economical and 

practice advantages in naturalistic settings (Koike, Nishimura, et al., 2013). Previous studies 

have shown abnormal prefrontal activity during verbal fluency tasks among patients with major 

depression, bipolar disorder and schizophrenia, which led to fNIRS being approved as an 

“advanced medical technology to aid in the differential diagnosis of depressive symptoms” in 

Japan (Fukuda & Mikuni, 2012; Takizawa et al., 2014). Most of the previous research examining 

schizophrenia spectrum disorders using fNIRS has focused on the neurocognitive domains of 

language (especially verbal fluency) (Chou et al., 2015; Hori et al., 2008; Koike et al., 2011; 

Takizawa et al., 2008), executive functioning (especially working memory) (Koike, Takizawa, et 
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al., 2013; Lee et al., 2008; Pu et al., 2016), and complex attention, including processing speed 

and selective attention (Ettinger et al., 2015; Taniguchi et al., 2012). Nonetheless, several fNIRS 

studies have suggested that the PFC is associated with cognitive functions, especially social 

cognition, in schizophrenia spectrum disorders and have proposed it as the next candidate 

biomarker (Koike, Nishimura, et al., 2013; Platek et al., 2005; Pu et al., 2017; Takei et al., 2013). 

One study by Watanuki et al. (2016) used a 52-channel continuous-wave fNIRS machine 

(ETG-4000, Hitachi) to compare neural activity between 19 patients with schizophrenia and 19 

age, gender and intelligence matched healthy controls during a facial affect recognition task. The 

participants performed two facial matching tasks: an affect recognition task and face 

identification assessment. During the affect recognition task, participants were presented with 

three facial stimuli and required to indicate which of two emotional expressions matched the 

third. In the face identification task, participants simply had to match the gender of the faces. 

Analysis of the O2Hb concentrations revealed that, compare to healthy controls, patients with 

schizophrenia had reduced activation in the right precentral and inferior frontal areas during the 

affect recognition task, in addition to slower reaction speed and lower accuracy. No significant 

differences were found between the schizophrenia and healthy control groups for neural activity 

or performance in the facial identification task, indicating that the functional abnormalities in 

patients with schizophrenia were specifically related to emotion recognition. 

Another study by Holper et al. (2016) investigated the association between subclinical 

psychotic symptoms and deficits in controlling emotional interference, as well as determining 

whether the neural correlates of emotional inference could be detected using fNIRS. Young 

adults (n = 174) were assigned to four groups depending on their level of psychotic symptoms as 

assesses by the Symptom Checklist –90R, with the two groups with lower scores representing 
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the control. Emotional interference was examined using the colour-word emotional Stoop task, 

whereby participants were presented with 120 coloured words of varying emotional valence and 

required to indicate the corresponding colour of the word as fast as possible. Activity in the 

prefrontal and temporal cortices was measured using a 52 channel ETG-4000 Optical 

Topography System (Hitachi, Medical Corporation, Tokyo, Japan), and the findings revealed that 

participants with higher non-clinical symptoms demonstrated significantly lower activation in the 

dlPFC and middle temporal gyrus during the emotional Stroop task compared to health controls. 

Therefore, the results indicate that individuals expressing subclinical psychotic symptoms are 

more susceptible to emotional interference and that fNIRS has the capacity to detect the 

associated neural dysfunction (Holper et al., 2016).  

 Overall, preliminary studies investigating emotion processing in schizophrenia spectrum 

disorders have shown potential for fNIRS to be used a candidate instrument in the detection of 

biomarkers for diagnosis and monitored treatment. Initial findings seem to suggest that 

individuals with symptoms of schizotypy and schizophrenia demonstrate detectable changes in 

prefrontal neural activation during emotion processing tasks. Nonetheless, more research is 

needed using larger and more diverse samples to determine the effectiveness of fNIRS for 

biomarker detection. Although the preliminary findings are promising, the capacity of fNIRS for 

detecting changes in prefrontal activation during emotion processing first needs to be evaluated, 

and difference between healthy controls and those with schizophrenia spectrum disorders needs 

to be assessed. 

Conclusion 

In summary, this chapter provided an overview of the utility of neuroimaging to facilitate 

the diagnosis and treatment of emotion processing deficits in people with schizophrenia spectrum 
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disorders. The chapter demonstrated that, by providing treatment early and targeting cognitive 

remediation to the needs of an individual, favourable health outcomes are more likely. The 

feasibility of neuroimaging for examining the neural circuitry underlying schizophrenia spectrum 

disorder, discovering new neurological biomarkers, and monitoring the effectiveness of 

treatments was examined. Near-infrared spectroscopy was compared with other neuroimaging 

techniques and proposed as a suitable candidate diagnostic tool owing to its high ecological 

validity. Preliminary fNIRS studies investigating emotion processing in schizophrenia spectrum 

disorders were reviewed and found to support the capacity of fNIRS for detecting changes in 

prefrontal neural activation during emotion-based tasks. Although the initial findings are 

promising, the capacity of fNIRS for reliably measuring activation during emotion processing 

first needs to be evaluated and large-scale investigations into the effectiveness of fNIRS for 

detecting candidate biomarkers needs to be undertaken. 

General Aims and Justifications 

The overall research question to be addressed in this thesis is: does fNIRS have the 

capacity to detect prefrontal activation during emotion processing and identify differences in 

activation between people with high and low schizotypy? Three studies were undertaken to 

answer this question, each of which was addressed in a dedicated chapter with a primary aim. 

The first aim was to evaluate the current state of the literature on the capacity of fNIRS to 

detect neural activation during emotion processing among healthy individuals, as well as to 

provide recommendations for future research. Many studies have been conducted which examine 

emotion processing using fNIRS, but sample sizes are often small, and findings are inconsistent. 

Therefore, the following chapter (Chapter 5) presents a systematic review evaluating the capacity 

of fNIRS for detecting activation during three domains of emotion processing: emotional 
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perception, emotional regulation, and emotional experience. This is the most extensive review of 

fNIRS studies into emotional processing and the first review to incorporate the domains of 

emotion perception and regulation. 

The second study aim was to better establish the capacity of fNIRS for detecting 

prefrontal activation during emotion processing by using a relatively large sample of healthy 

adults and including a diverse array of emotional stimuli and a range of cognitive tasks targeting 

various emotion processing domains. Although a plethora of studies have examined emotion 

processing using fNIRS, there has been a lack of consistency among previous findings, which 

has made it difficult to draw firm conclusions regarding the sensitivity of fNIRS. It is expected 

that the lack of consistency stems from weaknesses and heterogeneities in experimental designs, 

stimulus materials, and approaches to data analysis. Therefore, Chapter 7 presents a larger study 

examining the capacity of fNIRS to detect activity during emotion processing, and investigating 

the heterogeneous confounding factors, such as participant gender or stimulus intensity.  

The third aim was to elucidate the association between schizotypal traits assessed using 

the Schizotypal Personality Questionnaire (SPQ) and prefrontal activation patterns during 

emotion processing tasks as measured by fNIRS. Limited research has examined emotion 

processing in schizotypy using fNIRS. Chapter 8 presents one of the first studies to investigate 

fNIRS measured differences in prefrontal activation between people with high and low 

schizotypy during emotional experience and emotional perception, as well as the first to 

investigate emotional regulation using an antecedent-appraisal strategy. The findings should help 

elucidate the capacity of fNIRS for detecting difference in prefrontal activation during emotion 

processing between people with high and low schizotypy, which may have future implications 

for the diagnosis and treatment of schizophrenia spectrum disorders. 
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Abstract 

Functional neuroimaging provides an avenue for earlier diagnosis and tailored treatment 

of psychological disorders characterized by emotional impairment. Near-infrared spectroscopy 

offers ecological advantages compared to other neuroimaging techniques and suitability of 

measuring regions involved in emotion functions. A systematic review was conducted to evaluate 

the capacity of fNIRS to detect activation during emotion processing and to provide 

recommendations for future research. Following a comprehensive literature search, we reviewed 

85 journal articles which compared activation during emotional experience, regulation, or 

perception with either a neutral condition or baseline period among healthy participants. The 

quantitative synthesis of outcomes was limited to thematical analysis, owing to the lack of 

standardisation between studies. Although most studies found increased prefrontal activity 

during emotional experience and regulation, the findings were more inconsistent for emotion 

perception. Some researchers reported increased activity during the task, some reported 

decreases, some no significant changes, and some reported mixed findings depending on the 

valence and region. We propose that variations in the cognitive task and stimuli, recruited 

sample, and measurement and analysis of data are the primary causes of inconsistency. 

Recommendations to improve consistency in future research by carefully considering the choice 

of population, cognitive task and analysis approach are provided.  

 

 

Key words: near-infrared spectroscopy, emotion, prefrontal cortex, neuroimaging, review. 
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Chapter 5: A Systematic Review of Studies that Used fNIRS to Measure Neural Activation 

during Emotion Processing in Healthy Individuals 

Altered emotional processing is characteristic in the pathophysiology of many 

psychological disorders including, major depressive disorder, bipolar disorder and schizophrenia 

spectrum disorders (Earls et al., 2016; Green et al., 2005; Li et al., 2010; Townsend & Altshuler, 

2012). An influential model developed by Mayer et al. (2000) posits that a set of skills 

combining emotional and cognitive aspects constitute emotional processing (Aguirre et al., 

2008). The model outlines four domains: identifying emotions (commonly referred to as emotion 

perception), facilitating emotions (also known as emotional experience), managing emotions 

(also referred to as emotion regulation), and understanding emotions, (Mayer et al., 2001; 

Salovey & Sluyter, 1997). Some researchers have suggested that emotional understanding 

constitutes a separate social cognitive dimension and others have proposed that emotional 

expression is another discreet subdomain of emotion processing (Higgins & Bargh, 1987; 

Phillips & Seidman, 2008). Although the terms, definitions, and boundaries of emotion 

processing subdomains vary widely in the literature and impede comparison of findings, most 

researchers agree on three domains: emotional perception, experience, and regulation (Green et 

al., 2005; Isaacowitz et al., 2017). Emotion perception refers to one’s ability to recognize and 

identify a diverse array of social cues (e.g., facial expressions, body language and vocal 

differences) during daily interactions. Emotional experience is the immediate subjective, 

physiological, and behavioural reaction to an emotion-invoking event or stimulus. Finally, 

emotion regulation refers to the process through which individuals influence what, when, and 

how emotions are expressed, by initiating, inhibiting, or modulating their feelings, thoughts, 

physiological responses, and behaviours. 
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It has been well-established in previous research that early diagnosis and treatment of 

psychological disorders lead to improved functional outcomes (Barlati et al., 2013; Grant et al., 

2017; Zwaigenbaum et al., 2015). Nonetheless, the current assessment method of many 

psychological conditions, including schizophrenia and autism spectrum disorders, depends upon 

initial deterioration and symptom progression before a diagnosis can be made. Therefore, 

researchers are always seeking potential biomarkers to aid in numerous aspects of prevention and 

treatment, including risk factor assessment, early diagnosis, prognosis, and treatment selection 

and monitoring (Woo & Wager, 2015). The advancement in neuroimaging technology has shifted 

researchers’ attention toward developing neural-based biomarkers of cognitive impairments that 

underlie psychological conditions. Using fMRI, researchers have identified several candidate 

biomarkers for emotion processing, including the amygdala, temporo-parietal junction PFC and 

ACC (Lee et al., 2019; Nord et al., 2017). Nonetheless, several previous studies have reported 

poor reliability of activation during a range of emotion processing tasks (Nord et al., 2017; Nord 

et al., 2019; Plichta et al., 2012). Although activity in these regions has demonstrated low 

statistical reliability between people with mood and anxiety disorders (Nord et al., 2017), a 

recent study by Lee et al. (2019) found that a 12-week social cognitive training intervention 

modulated functional connectivity in individuals with psychotic disorders. 

Functional near-infrared Spectroscopy (fNIRS) is an emerging neuroimaging technique 

that has been increasingly used in the study of cognition over the last couple of decades. fNIRS 

is a useful tool for non-invasively measuring haemodynamic changes in the cortical surface of 

the brain. It operates in relation to the haemodynamic response, whereby activated regions of the 

brain experience high metabolic demands and an increase in oxygen consumption (Ferreri et al., 

2014). This consumption of oxygen leads to an initial reduction of oxygenated haemoglobin 
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(O2Hb), followed by an increase in regional cerebral blood flow (rCBF) which consequently 

elevates O2Hb concentrations (Fekete et al., 2014). fNIRS capitalises on the changing optical 

properties in cortical tissue by emitting near-infrared light into the cortex, whereby it is either 

absorbed, scattered, or reflected, and detecting the amount of light which is redirected back 

towards the skull (Irani et al., 2007). Emitter optodes emanate light into the cortical tissue, while 

the receiver optode detects the quantity of reflected light. The level of oxygenation determines 

the absorption properties of haemoglobin, with activated brain regions absorbing more light 

owing to the higher O2Hb levels (Fekete et al., 2014).  

fNIRS has gained wide support and recognition among cognitive neuroscientists owing to  

several advantages it has over other neuroimaging techniques (Nishitani & Shinohara, 2013). Its 

high ecological validity is one of the most important advantage, as it can be used in natural 

environments and is less susceptible to data corruption from participant movement (particularly 

the head) (Fekete et al., 2014; Irani et al., 2007; Suda et al., 2010). This is beneficial in studying 

clinical populations owing to the lower physical and psychological burden on patients and 

reduced need for controlling their actions (Irani et al., 2007). A second advantage of fNIRS is its 

cost effectiveness to purchase, use and maintain relative to the more expensive fMRI and PET 

approaches (Fekete et al., 2014). Third, in addition to being relatively easy to use, most modern 

fNIRS systems are portable in size, enabling them to be used in a wider variety of environments, 

include in patients’ homes or shared throughout school districts (Irani et al., 2007). Other 

advantages of fNIRS include its suitability for collecting data from larger cohorts, higher 

temporal resolution compared to fMRI, higher spatial resolution compared to EEG, capacity to 

be used in combination with other neuroimaging techniques, and its high validity and reliability 

(Fekete et al., 2014; Irani et al., 2007). Finally, fNIRS has the capacity to research fields which 
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are difficult to examine using other neuroimaging techniques, such as in the study of linguistic or 

auditory topics owing to the absence of instrumental noise, different bodily states because 

participants are not require to lay supine, or communication because fNIRS is capable of 

measuring neural activation in multiple participants simultaneously  (Irani et al., 2007; Suda et 

al., 2010).  

Owing to its practical advantages over other techniques, fNIRS provides an avenue for 

investigating the psychophysiological mechanisms of disorders characterised by emotion 

processing impairments (Yang et al., 2019). Although fNIRS has been proposed as a potential 

tool for risk assessment, treatment monitoring and therapeutic intervention, candidate biomarkers 

first need to be identified, and the reliability of fNIRS for detecting them must be determined 

(Yang et al., 2019). Numerous researchers have used fNIRS to investigate neural activation 

during emotion processing, but findings are often contradictory. While many studies 

implementing a range of cognitive tasks have reported O2Hb changes in the PFC during emotion 

processing (Bigliassi et al., 2015; Egashira et al., 2015; Gruber et al., 2019), other studies have 

reported no significant changes in O2Hb concentrations when measured with fNIRS (Ateş et al., 

2017; Huang et al., 2017; Lucas et al., 2019). Furthermore, discrepancies in localisation and 

direction of neural activity also exist in the literature (Abdullayev et al., 2018; Anuardi & 

Yamazaki, 2019; Rodrigo et al., 2016). The abundance of conflicting findings poses a challenge 

for healthcare professionals who often lack the time to source, critically appraise, and extract 

evidence from all relevant articles to guide their decision marking (Gopalakrishnan & 

Ganeshkumar, 2013). Therefore, a systematic review of the literature is warranted to synthesize, 

clarify, and provide evidence for use in clinical practice. 
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To date, three reviews have examined emotion processing using fNIRS. The first, a mini-

review by Doi et al. (2013), thematically described the findings from eight studies using fNIRS 

to examine emotion-evoked prefrontal activity. A second study by Bendall et al. (2016) reviewed 

11 recent studies which adopted fNIRS methodology to study PFC activities during emotional 

experiences in both healthy individuals and several patient populations, including bipolar 

disorder, major depressive disorder and social anxiety disorder. The third review by Maria et al. 

(2018) examined 50 fNIRS studies of passive emotion processing in infants under the age of 2 

years. As far as we are aware, the present review is the most extensive systematic review of 

emotional processing studies using fNIRS and the first review to incorporate the domains of 

emotion perception and regulation. This review aimed to establish the capacity of fNIRS for 

detecting changes in neural activation during various domains of emotion processing in healthy 

individuals. Before fNIRS can be considered for detecting potential biomarkers, its capacity for 

measuring activation during emotion processing must first be assessed. If fNIRS is established as 

an effective tool for measuring functional changes during emotion processing, future 

investigations can then determine whether fNIRS can detect differences between patient 

populations and healthy control groups. After summarizing and synthesizing the overall findings 

reported in studies examining three domains of emotion processing, the current review outlines 

methodological limitations, recommendations for future research, and clinical implications.  

Methods 

A systematic database search was conducted of MEDLINE (PubMed), Scopus, 

EMBASE, and Google Scholar independently by two authors (MW and CH). Additionally, the 

citation lists of all relevant articles and previous reviews were screened. A combination of the 

following search terms was employed: near-infrared spectroscopy AND (emotion processing OR 
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emotion perception OR emotion recognition OR emotion experience OR emotion regulation). All 

pertinent research papers published in English between January 2000 and January 2020 were 

collected and imported to a reference manager (EndNote, X9 Thomson Reuters). All duplicates 

were removed, along with any papers not published in English. If multiple publications and 

companion papers were found using the same participants, only those papers with the largest 

sample and most in-depth assessment were included. The titles and abstracts were firstly 

screened for relevance, followed by a full-text reading of the relevant articles. The literature 

search and presentation of results were undertaken in accordance with the Preferred Reporting 

Items for Systematic Reviews and Meta-analysis (PRISMA) guidelines.  

The Population, Intervention, Comparison and Outcome (PICO) framework was 

employed to establish eligibility criteria (O'Connor et al., 2008). Peer-reviewed articles were 

only included if they met four criteria: 1) the study examined a healthy human population or 

included a healthy control group, 2) a cognitive task involving some form of emotion processing 

(perception, experience or regulation) was administered during the fNIRS measurement, 3) the 

task period was compared to a baseline period or a neutral task condition, and 4) mean 

oxygenated haemoglobin changes were measured as the primary outcome variable. Any studies 

which measured O2Hb during a neurocognitive task and later correlated that activity with 

performance data on an emotion processing task were excluded from this review. Only peer-

reviewed articles written in English were considered. Narratives, reviews, commentaries, reports 

and essays were excluded from this review; nonetheless, the reference lists were screened for 

relevant studies. 

Extraction and Analysis. Two authors (MW and CH) independently extracted data from 

all relevant studies using a standard pre-piloted form and later compared results, resolving 
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inconsistencies through mediation. If the first two authors could not reach consensus, the 

remaining authors (DS and DN) were contacted to settle the disagreement. Thirteen variables 

were extracted: the size of the sample, type of participants, mean age, gender distribution, the 

emotion processing domain, type of control condition, fNIRS system used, analysis software, 

cognitive task, chosen stimuli, the size and direction of O2Hb change, probe arrangement, and 

the geographic location of the study. When data was not adequately reported, the corresponding 

author of the study was contacted, and the necessary data requested. If there were multiple 

groups reported separately in a study, only the data for the healthy control group were included 

in the analysis. Data were reported for each of the included studies separately and synthesized 

thematically. Meta-analyses of the studies could not be conducted owing to inconsistencies with 

the type of measurement, choice of tasks, and method of analyses. Owing to the lack of 

standardization between the eligible studies, analyses of outcomes were limited to descriptive 

synthesis. Refer to Figure 5.1 for a summary of the selection and screening process presented 

using the PRISMA flow chart. 

Quality Assessment. The quality evaluation of eligible studies was also independently 

conducted by two researchers (MW and CH) according to the outlined criteria. The Quality 

Assessment Tool for Observational Cohort and Cross-Sectional Studies (QATOCCS), an 

instrument developed by methodologists at the National Institute of Health for assessing non-

randomised studies, was implemented in evaluating the quality of included articles (National 

Institute of Health, 2004). The instrument consists of 14-items for evaluating potential flaws in 

study methods or implementation, including sources of bias, confounding factors, statistical 

power, and strength of association between variables. Owing to the nature of fNIRS studies, the 

QATOCCS scale was adapted in several ways for this review. First, item-12 was removed as 
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blinding of participants and assessors was not applicable to this type of research. Second, item-6 

was adapted to highlight the studies which incorporated both a baseline and neutral control 

condition. Finally, regarding item-7, the sufficient timeframe was interpreted as block length and 

set to 20 s to ensure adequate time for the haemodynamic response. The 13-item checklist was 

used to divide the articles into three levels: poor, fair, or good quality. Good-quality studies were 

defined as having a score equal to or greater than 9, fair-quality had a score ranging from 5-8, 

while poor-quality studies were defined as 5 or less. Studies rated as poor were excluded from 

the review. See Appendix B for the quality assessment instrument and scoresheet. 
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Figure 5.1. PRISMA 2009 Flow Diagram 

Adapted from:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. doi:10.1371/journal.pmed1000097 
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Table 5.1 

Characteristic table for healthy control studies 

Studies Participants 

(n)  

Location Age, 

mean 

(SD) 

Sex, 

M/F 

Domain of 

EP (fNIRS 

design) 

fNIRS 

system 

(analysis 

software) 

Task (stimulus) Finding (region)  

Abdullay

ev et al. 

(2018) 

Healthy 

control (24) 

Turkey 32.8 

(7.7) 
14/10 Perception 

(RBP & 

NC, block) 

ETG-4000, 

Hitachi 
Facial Affect 

Identification 

Task (POFA) 

Increased activity during task 

(vPFC and mPFC). Reduced 

activity during task (DLPFC) 

Anuardi 

et al. 

(2019) 

Healthy 

adults (27) 

Japan Range

19-26 
23/4 Perception 

(NC, block) 

ETG-4000, 

Hitachi  
Listening to 

emotionally 

toned sentences  

Increased O2Hb during 

neutral sounds compared to 

emotion (BA10 and Broca’s). 

Increased O2Hb during 

emotional condition (BA9)  

Ates et 

al.  

(2017) 

Healthy 

control (20) 

Turkey 71.35 

(6.76) 
9/11 Perception 

(RBP & 

NC, block) 

ETG-4000, 

Hitachi 

(SPSS) 

Emotional n-

back task 

No significant changes in 

O2Hb  

Balconi 

et al. 

(2015) 

Healthy 

adults (20) 

Italy 30.9 

(7.99) 
8/12 Experience 

(RBP, 

block)  

fNIRScout 

System, 

NIRx 

(fNIRStar) 

Emotional rating 

of picture 

stimuli (IAPS) 

Increased O2Hb for positive 

(left PFC) and negative 

stimuli (right PFC) 

Balconi 

et al. 

(2016) 

Healthy 

adults (14) 

Italy 25.88 

(2.03) 
6/8 Experience 

(RBP & 

NC, block)  

fNIRScout 

System, 

NIRx 

(fNIRStar) 

Viewing affective 

pictures of human 

and animal 

interactions 

Increase O2Hb for negative 

human interaction (right 

PFC). Increase O2Hb for 

positive animal interaction 

(left PFC) 

Balconi 

et al. 

(2017) 

Healthy 

adults (21) 

Italy  27.65 

(4.99) 
10/11 Experience  

(RBP, 

block) 

fNIRScout 

System, 

NIRx 

(fNIRStar) 

Emotional rating 

of picture stimuli 

(IAPS) 

Increase O2Hb for positive 

(left PFC) and negative (right 

PFC) stimuli 
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Balconi 

et al. 

(2017) 

Healthy 

adults (22) 

Italy 24.5 

(3.53) 
10/12 Experience 

(RBP, 

block)  

fNIRScout 

System, 

NIRx 

(fNIRStar) 

Rating affective 

images of real 

interpersonal 

situations 

Increase O2Hb for positive 

(left PFC) and negative (right 

PFC) compared to neutral. 

Greater activity for negative 

Bigliassi 

et al. 

(2015) 

Healthy 

adults (30) 

Brazil 25 

(2.7) 
15/15 Experience 

(RBP, 

block)  

MP150 

System, 

BioPac 

(SPSS) 

Listening to 

music 

(motivational and 

calm) 

Increase O2Hb during 

motivational and calm music 

(PFC especially dlPFC). Men 

experienced higher (mPFC)  

Brugnera 

et al. 

(2016) 

Healthy 

adults (24) 

Italy  26.1 

(4.6) 
12/12 Experience 

(RBP, 

block)  

PocketfNIRS 

Duo, 

DynaSense 

(MATLAB) 

Recall tasks 

designed to elicit 

happiness and 

anger 

Increase O2Hb during 

positive and negative recall, 

particularly verbal recall 

(PFC) 

Deiler et 

al. 

(2010) 

Healthy 

adults (16) 

Germany 28.33 

(6.25) 
4/12 Regulation 

(NC, block) 

ETG-4000, 

Hitachi 

(SPM5) 

Think/No-think 

paradigm of 

emotion words 

Increase O2Hb during 

suppression of positive and 

negative compared to neutral 

(right dlPFC and vlPFC) 

Depperm

ann et al. 

(2017) 

Healthy 

controls 

(23) 

Germany 33.4 9/14 Experience 

(RBP & 

NC, block)  

ETG-4000, 

Hitachi 

(MATLAB) 

Emotional Stroop 

task  

No significant changes between 

panic and neutral conditions 

 

Di 

Lorenzo 

et al. 

(2019) 

Healthy 

Infants (17) 

Netherlands  163.4 

days 
8/9 Perception 

(RBP & 

NC, block) 

 UCL topo-

graphy half-

system, NTS2 

(Homer 2 & 

SPSS) 

Facial expression 

recognition (fear 

and happiness) 

Increase O2Hb during task 

(occipital) and especially for 

the fear condition (temporal) 

Egashira 

et al. 

(2015) 

Healthy 

adults (28) 

Japan 40.1 

(8.1) 
12/16 Perception 

(RBP, 

block) 

ETG-4000, 

Hitachi 

(Integral) 

Emotional go/no 

go (JCFEENF) 
Increase O2Hb during 

emotional task (left vlPFC 

and OFC) 

Ernst et 

al. 

(2013) 

Healthy 

adults (15) 

Germany 23.4 

(2.5 
7/8 Regulation 

(RBP, 

block) 

ETG-4000, 

Hitachi 

(SPSS) 

Virtual approach 

or avoid positive 

and negative 

pictures (IAPS) 

Regulation of emotion images 

elicited increased O2Hb. 

Positive caused stronger 

activation than negative 

(dmPFC) 
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Fanti et 

al. 

(2016) 

Young adults 

with low 

callous-

unemotional 

traits (30) 

Cyprus 20.52 

(1.40) 
14/16 Experience  

(NC, block) 

MP150 

System, 

BioPac 

(MATLAB) 

Rating valence of 

video clips 

(violent, comedy, 

neutral) 

Higher O2Hb for positive 

compared to neutral condition, 

while the negative resulted in 

reduced O2Hb 

 

Fox et al. 

(2013) 

Infants at 

low risk for 

ASD (10) 

USA 6.91 

months 
9/6 Perception 

(NC, block) 

ETG-4000, 

Hitachi 

Viewing movie 

clips of mother 

and strangers 

changing from 

neutral to smiling 

expression 

Increase O2Hb for smiling 

compare to neutral (right 

lateral and frontal regions) 

Gao et 

al. 

(2019) 

Healthy 

adults (24) 

China 43.13 

(11.28) 
11/13 Perception 

(RBP, 

block) 

CW-fNIRS Facial expression 

recognition 

(Cohn-Kanade 

database) 

Increased O2Hb during 

emotion recognition (left and 

right PFC) and decrease for 

sadness (right PFC) 

Giles et 

al. 

(2018) 

Healthy 

adults (36) 

USA 24.4 

(3.6) 
15/21 Regulation/

experience 

(RBP & 

NC, block) 

fNIRSport, 

NIRx 

(fNIRStar) 

Cognitive 

reappraisal task 

(IAPS - negative 

only) 

Decreased activity during 

negative experience, increase 

O2Hb during negative 

regulation (dorsal and 

anterior PFC) 
Glotzbach 

et al. 

(2011) 

Healthy 

adults (20) 

Germany 22.4 

(2.17) 
0/20 Regulation/

experience 

(RBP & 

NC, block) 

ETG-4000, 

Hitachi 

Cognitive 

reappraisal task 

(IAPS - neutral 

and fearful) 

Increased O2Hb during fearful 

experience. Regulation was 

characterised by lower HHb, but 

no changes for O2Hb (PFC) 

 

Grabell 

et al. 

(2018) 

Healthy 

children 

(65) 

USA 5.04 

(1.3) 
33/32 Regulation 

(RBP, 

block)  

CW6 system, 

fNIRSOptic 

(MATLAB) 

FETCH task and 

rate mood after 
Increased O2Hb during 

emotion regulation (lateral 

PFC) 

Grabell 

et al. 

(2019) 

Healthy 

children 

(60) 

USA 4.9 

(0.9) 
30/30 Regulation 

(RBP, 

block) 

CW6 system, 

fNIRSOptic 

(AnalyzIR 

and SPSS) 

Frustration 

regulation task 

(Incredible Cake 

Kids) and 

interpersonal 

scaffolding 

Control children showed no 

change in LPFC activation 

for negative or positive 

feedback 
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Gruber et 

al. 

(2019) 

Healthy 

adults (28) 

Switzerlan

d 

26.44 

(4.7) 
14/14 Perception 

(NC, block) 

 

Oxymon 

MKIII, 

Artinis 

(MATLAB) 

Categorisation 

/discrimination of 

emotional 

prosody for 

pseudowords 

Decrease in O2Hb for 

categorisation, discrimination 

and passive listening tasks. 

Greater decrease for fear 

compared to neutral condition 

(frontal LH)  

Heger et 

al. 

(2014) 

Healthy 

male adults 

(8) 

Germany 27.6 

(5.2) 
8/0 Experience  

(NC, block) 

Oxymon 

MKIII, 

Artinis 

Valence and 

arousal rating 

(IAPS/IADS) 

Decreased O2Hb with neutral 

stimulus but increases with 

emotional stimuli. No 

topographical patterns (e.g. 

lateralisation effects), could 

consistently be observed 

Herrman

n et al. 

(2003) 

Healthy 

adults (14) 

Germany  31.7 

(6.2) 
7/7 Experience 

(RBP & 

NC, block) 

NIRO-300, 

Hamamatsu 

(SPSS) 

Viewing and 

rating of 

emotional stimuli 

(IAPS & POFA) 

No significant differences for 

IAPS. O2Hb increased for 

negative, neutral and positive 

POFA faces compared to pre-

task baseline (LH)  

Herrman

n et al. 

(2008) 

Healthy 

adults (16) 

Germany 24.2 

(2.4) 
5/11 Experience 

(NC, block)  

ETG-4000, 

Hitachi 

IAPS (positive-

high arousal, 

negative high 

arousal, neutral 

low arousal).  

Negative, positive and neutral 

stimuli lead to increase O2Hb 

(occipital cortex). Significant 

differences in O2Hb were 

found between the positive 

and neutral condition but not 

between negative and neutral 

Herrman

n et al. 

(2016) 

Healthy 

adults (28) 

Germany 22.71 

(4.18) 
1/27 Perception 

(RBP, 

block) 

ETG-4000, 

Hitachi 

Facial emotion 

recognition 
No significant effects were 

found for O2Hb 

Himichi 

et al. 

(2015) 

Healthy 

adults (34) 

Japan 20.59 

(1.72) 
13/21 Experience 

(RBP, 

block)  

FOIRE-

3000, 

Shimadzu 

(SPSS) 

Infer feeling of a 

character playing 

a card game 

(ATR facial 

expression) 

O2Hb was higher for draw 

than lose conditions (vmPFC 

and left vlPFC). Left vlPFC 

activation was also positively 

correlated with evaluations of 

sadness and pleasure.  
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Hirata et 

al. 

(2018) 

Healthy 

controls 

(18) 

Japan  34.5  

(28-

38.5) 

13/5 Perception 

(RBP, 

block) 

ETG-4000, 

Hitachi  

Facial 

identification and 

emotion 

recognition task 

(JCFEENF) 

Decrease O2Hb during task 

condition (left frontotemporal 

area) 

Holper et 

al. 

(2016) 

Healthy 

controls 

(27) 

Switzerland  29.7 

(6.41) 
16/11 Regulation 

(NC, block) 

ETG-4000, 

Hitachi  

(MATLAB) 

Emotional Stoop Increase activity for negative 

condition (dlPFC and middle 

temporal gyrus) 

Honda et 

al. 

(2018) 

Healthy 

adults (11) 

USA 24.6 

(2.2) 
11/0 Regulation 

(NC, block) 

LABNIRS, 

Shimadzu 

(Integral) 

Facial expression 

suppression while 

viewing disgust 

video stimuli  

Increased activity for the 

negative condition (left PFC) 

Hoshi et 

al. 

(2011) 

Healthy 

adults (19) 

Japan Range

21-25 
8/11 Experience 

(NC, block)  

OMM-2000, 

Shimadzu 

(SPSS) 

Rating emotional 

stimuli (IAPS)  
Decrease O2Hb for positive 

(left dlPFC) and increase for 

negative condition (vlPFC) 

Hosokaw

a et al. 

(2015) 

Healthy 

adults (38) 

Japan 24.4 

(3.5) 

Overall 

sample 

20/18 Perception 

(RBP, 

block) 

ETG-4000, 

Hitachi 

Facial emotion 

recognition (ATR 

database) 

Increase O2Hb during 

negative condition only 

(PFC) 

Hu et al. 

(2019) 

Healthy 

adults (15) 

China  22.5 8/7 Experience 

(RBP, 

block)  

DLP, 

NirScan  

(Integral) 

Viewing and 

rating emotion 

inducing videos  

Increases in O2Hb for 

encouragement (mPFC) and 

harmony (left lateral PFC) 

Huang et 

al. 

(2017) 

Healthy 

adults (26) 

China  22.4 

(2.1) 
15/11 Experience 

(RBP & 

NC, block)  

LABNIRS, 

Shimadzu 

(NIRS_SPM) 

Rating valence 

and arousal of 

emotion-evoking 

images (IAPS) 

No significant changes in O2Hb 

were found between unpleasant 

and neutral conditions 

Ichikawa 

et al. 

(2014) 

Healthy 

boys (13) 

Japan 9.7 

(1.2) 
13/0 Perception 

(RBP, 

block) 

ETG-4000, 

Hitachi 

Facial expressions 

recognition 

(FIND) 

Increase O2Hb for happy and 

sad faces (left and right 

temporal areas) 

Ieong et 

al. 

(2018) 

Healthy 

controls (7) 

China  36.6 

(10.7) 
3/4 Perception 

(RBP, 

block) 

CW ffNIRS 

system 

(SPSS) 

Emotion 

recognition (Mind 

in the Eyes) 

Decrease O2Hb during 

recognition compared to 

baseline (mPFC) 
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Kable et 

al. 

(2017) 

Healthy 

children 

(12) 

USA 11.4 

(3.1) 
6/6 Experience 

(RBP, 

block)  

FfNIRS 

100B, 

BioPac 

(FfNIRSoft 

and SPSS) 

Frustration rating 

task (FETCH) 
Increase O2Hb in the left LPFC 

and mPFC (positive) and left 

LPFC (negative) during task 

condition 

 

Kida et 

al. 

(2014) 

 

Healthy 

elderly 

women (17) 

Japan 63.7 

(SE: 

1.6) 

0/17 Experience 

(RBP, 

block)  

NIRO-200, 

Hamamatsu 

(NIRS_SPM) 

Rating love for 

grandchildren 

(own vs 

unknown) in 

video clips 

Increased O2Hb while 

viewing own grandchild 

irrespective of facial 

expression compared to 

unknown child with same 

expression (medial and 

inferior APFC) 

Köchel 

et al. 

(2011) 

 

Healthy 

adults (35) 

Austria 23.94 

(3.40) 
18/17 Experience 

(RBP, 

block)  

ETG-4000, 

Hitachi 

(MATLAB 

and SPSS) 

Rating emotional 

pictures (IAPS) 
Increased O2Hb during 

disgusts and happy conditions 

compared to neutral (occipital 

region) 

Kochel 

et al. 

(2013) 

Healthy 

adults (43) 

Austria 26.1 

(3.59) 
24/19 Experience 

(RBP & 

NC, block) 

ETG-4000, 

Hitachi 

(SPM5) 

Rating emotional 

sounds (IADS) 
Increase O2Hb during 

emotion task (right STG and 

supramarginal gyrus) 

Kochel 

et al. 

(2015) 

Healthy 

children 

(14) 

Austria  121.93 

(11.29) 

months 

14/0 Experience 

(RBP, 

block)  

ETG-4000, 

Hitachi 

(NIRS_SPM) 

Reading emotional 

and neutral 

sentences (Tubinger 

Affect Battery) 

Increase O2Hb during anger 

sadness and happiness (right 

STG) 

Kondo et 

al. 

(2018) 

Healthy 

controls 

(25) 

Japan 34.1 

(10.1) 
18/7 Experience 

(NC, block)  

ETG-4000, 

Hitachi 

(JMP Pro12) 

Emotion-related 

image recall task 
Increase O2Hb during 

positive and negative recall 

(bilateral frontal temporal 

region)  

Kreplin 

et al. 

(2013) 

Healthy 

adults (30) 

UK 22 

(3.26) 
15/15 Experience 

(RBP, 

block)  

fNIR 

Imager1000, 

NIRx 

(ffNIRSoft) 

Spot the 

difference and 

emotional 

introspection task 

 

  

Increase O2Hb during 

positive condition (rostral 

PFC and medial BA10) 
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Kreplin 

et al. 

(2015) 

Healthy 

adults (20) 

UK 25.05 

(7.1) 
10/10 Experience 

(RBP, 

block)  

fNIR 

Imager1000, 

NIRx 

(ffNIRSoft) 

Emotion rating of 

art images from 

self or other 

perspective  

Increase O2Hb during 

negative images from other 

perspective. Increase activity 

from self-perspective for 

positive images (rostral PFC)  

Krol et 

al. 

(2019) 

Healthy 

infants (84) 

Germany 214.07 

(7.25) 

days 

42/42 Perception 

(NC, block) 

fNIRScout 

System, 

NIRx 

(Nilab 2) 

Passive viewing 

expressions 

(FACES 

collection) 

Increase O2Hb during fear 

and happiness conditions and 

decrease in anger condition 

(right PFC) 

León-

Carrión 

et al. 

(2007) 

Healthy 

adults (30) 

Spain 25.84 

(7.62) 
15/15 Experience 

(RBP, 

block)  

NIMprobe,  

NIM Inc 

Viewing and 

rating emotional 

videos  

Increase O2Hb during task 

especially negative condition 

(dlPFC)  

Lu et al. 

(2019) 

Healthy 

adults (40) 

China 21.5 

(1.4) 
20/20 Perception  

(RBP & 

NC, Block) 

LABfNIRS, 

Shimadzu 

(fNIRS-

SPM, SPM8 

and SPSS) 

Producing 

opposite facial 

expressions to 

presented faces 

(CFAPS) 

Increased O2Hb for positive 

and negative compared to 

neutral condition (left front 

and middle PFC). Decrease 

for positive (left pre-motor 

area) 

Lucas et 

al. 

(2019) 

Adults with 

low neuro-

ticism (39) 

Spain 20.65 

(2.67) 

overall 

sample 

0/39 Experience 

(RBP, 

block)  

ffNIRS 1100, 

Biopac 

(ffNIRSoft) 

Passive viewing 

of facial 

expressions 

(NimStim and 

Radboud) 

No significant O2Hb changes 

between valences (PFC). 

Significant interaction 

between valence and time 

(lateral left PFC) 

Manelis 

et al. 

(2019) 

Health 

controls 

(16) 

USA 23.69 

(3.45) 
2/14 Perception 

(RBP, 

block) 

CW6 system, 

fNIRSOptic 

(fNIRS 

toolbox) 

Rating emotional 

intensity of facial 

expressions 

(KDEF faces) 

Decrease activity during 

emotional task (dlPFC) 

Marumo 

et al. 

(2009) 

Healthy 

adults (20) 

Japan 32.6 

(9) 
10/10 Experience 

(RBP & 

NC, block)  

ETG-4000, 

Hitachi 

(SPSS) 

Passive viewing 

fearful faces 

(FACS) 

Increase O2Hb (left dlPFC). 

Female showed greater 

activation than males 
Matsubara 

et al. 

(2014) 

Health 

controls 

(20) 

Japan 41.4 

(8.5) 
10/10 Regulation 

(RBP & 

NC, block) 

ETG-4000, 

Hitachi 

(SPSS) 

Emotional Stroop 

task  
Increase O2Hb in regulation 

task (Left inferior frontal and 

middle frontal region) 
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Matsuka

wa et al. 

(2017) 

Healthy 

adults (14) 

Japan 23 (1) 7/7 Experience 

(RBP, 

block)  

NIRO-200, 

Hamamatsu 

(PowerLab) 

Watching and 

rating emotionally 

charged movies  

Decreased O2Hb during 

comedy movie and no change 

during horror or landscape 

movies (bilateral PFC) 

Matsuo 

et al. 

(2003) 

Healthy 

volunteers 

(12) 

Japan 37.1(1

1.0) 
9/3 Experience 

(RBP, 

block) 

ETG-100, 

Hitachi 

Rating emotional 

movies  
No significant changes in 

O2Hb 

Minagaw

a-Kawai 

et al. 

(2008) 

 

Healthy 

mothers 

(18) and 

infants (15) 

Japan Mother

33.1, 

Infants: 

11.7 

months 

0/18, 

8/7 

Experience 

(RBP, 

block)  

ETG-7000, 

Hitachi  

Passive viewing 

videos (no sound) 

of mothers and 

babies with 

neutral and 

smiling faces 

Increase activity during the 

presentation of smiling faces 

compared to neutral faces 

(frontal area) 

Moghimi 

et al. 

(2012) 

Healthy 

adults (10) 

Canada 25 

(2.7) 
5/5 Experience 

(NC, block)  

Imagent 

Functional 

Brain 

Imaging 

System from 

ISS.  

Rating intensity 

and valence of 

emotional 

experience after 

listening to music 

excerpts 

Music with positive or 

negative emotional content 

lead to increases in O2Hb 

(PFC) 

Morinag

a et al. 

(2007) 

Healthy 

adults (56) 

Japan 25.2 

(6.8) 
32/24 Experience 

(RBP, 

block) 

NIRO-300, 

Hamamatsu 

(BIMTAS-II) 

Anticipation of 

electrical shock 
Increase O2Hb during negative 

task condition (right PFC) 

 

Nakadoi 

et al. 

(2012) 

Healthy 

controls 

(14) 

Japan 31.5(4

.8) 
6/8 Experience 

(NC, block) 

  

ETG-4000, 

Hitachi 

(SPSS) 

Passive viewing of 

fearful and neutral 

faces (ATR 

international faces) 

Increase activity during the 

fearful compared to the neutral 

condition (PFC) 

 

Nakata et 

al. 

(2018) 

Young (22) 

and elderly 

(20) adults 

Japan 21.7 

and 

70.2 

 - Experience 

(RBP, 

block)  

OEG-16, 

Spectratech 

VR driving 

simulation. Red-

light condition to 

elicit anger 

No significant difference in 

O2Hb between any condition 

for young adults. Increase 

O2Hb for elderly adults in red 

compared to other conditions 

(particularly in LH).  
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Nakato 

et al. 

(2011) 

 

Healthy 

infants (12) 

Japan 16.7 

months 

(range: 

6-7) 

5/7 Perception 

(RBP & 

NC, block) 

ETG-4000, 

Hitachi 

Passively viewing 

facial expression 

(FIND)  

Increased O2Hb during 

presentation of happy (left 

temporal cortex) and angry 

faces (right temporal area) 

Nishikaw

a et al. 

(2015) 

Healthy 

adults (53) 

Japan 24.05 

(range

: 22-

37) 

35/18 Perception 

(RBP, 

block) 

NIRO-200, 

Hamamatsu 

(SPSS) 

Facial emotion 

recognition 

(DB99) 

Increased O2Hb in LH and RH 

for clear, less clear and 

ambiguous facial emotions. RH 

O2Hb was higher for ambiguous 

and less clear vs clear 

Nishitani 

et al. 

(2011) 

Healthy 

women (28) 

Japan 28.4 

(7.4) 

and 

31.2 

(5.2) 

0/28 Perception 

(RBP, 

block) 

OM-220, 

Shimadzu 

Facial 

discrimination 

and emotion 

recognition task 

(infant facial 

expressions) 

Increased activity during task 

period compared to baseline 

(PFC)  

 

Ohtani et 

al. 

(2005) 

Healthy 

adults (10) 

Japan 40.3 

(14.5) 
6/4 Experience 

(RBP, 

block)  

ETG-100, 

Hitachi  

Emotional 

memory recall 

task  

Increased O2Hb during the task 

period compared to baseline 

(PFC) 

Ozawa et 

al. 

(2014) 

Healthy 

adults (20) 

Japan 19.38 

(0.79) 
20/0 Experience 

(RBP & 

NC, block)  

OEG-16, 

Spectratech 

Valance rating of 

pictures and n-

back task (IAPS) 

Increased O2Hb during the 

negative condition compared to 

baseline (PFC) 

 

Ozawa et 

al. 

(2019) 

Healthy 

adults (15) 

Japan 19.91 

(1.71) 
25/0 Experience 

(RBP, 

block)  

OEG-SpO2, 

Spectratech 

(MATLAB 

& SPSS) 

Valance rating of 

pictures and n-

back task (IAPS) 

Reduced O2Hb changes during 

task compared to baseline 

(vmPFC) 

Perlman 

et al. 

(2014) 

Healthy 

children 

(17) 

USA 4.5 

(36-

77m) 

9/8 Experience 

(RBP, 

block)  

CW6 system, 

fNIRSOptic 

(MATLAB) 

Frustration rating 

task (FETCH) 
Increased O2Hb during Winning 

blocks (right middle PFC) and 

decrease O2Hb in Frustration 

blocks (left dorsal PFC)  

Piper et 

al. 

(2015) 

Healthy 

adults (104)  

USA 20.61 

(18-

38) 

36/68 Experience 

(RBP, 

block) 

fNIR 

Devices LLC 

Rating 

elevating/amusing 

videos 

No significant different from 

baseline or amusement 

condition (mPFC) 
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Plichta et 

al. 

(2011) 

Healthy 

adults (17) 

Germany 25.95 

(4.59) 
7/10 Experience  

(NC, block)   

ETG-4000, 

Hitachi 

(MATLAB) 

Rating emotional 

sounds (IADS) 
Increased O2Hb in positive and 

negative compare to neutral 

condition (bilateral temporal 

lobes) 

Ravicz et 

al. 

(2015) 

Healthy 

infants (24) 

USA 212 

(1) 

days 

13/11 Perception  

(NC, block)   

ETG-4000, 

Hitachi 

(Homer 2  

& SPSS) 

Passive viewing 

faces (NimStim 

faces) 

Decrease O2Hb during task 

condition (PFC) 

Rodrigo 

et al. 

(2016) 

Healthy 

adults (39) 

Canada 28.46 

(12.09) 
4/35 Experience  

(NC, block)   

fNIR 

Imager1000, 

NIRx 

(SPSS) 

Incidental emotion 

(fear) recognition 

during facial 

encoding task 

(gender) 

Increase O2Hb (right mPFC) 

and decreased (left mPFC) 

during the emotional task 

condition  

 

Roos et 

al. 

(2011) 

Healthy 

controls (9) 

South 

Africa 

25.3 

(5.7) 
0/9 Perception 

(RBP, 

block) 

DYNOT 

System, 

NIRx 

(SPM5) 

Facial emotion 

recognition (fear) 

Increased activity for fearful 

stimuli compared to resting 

baseline (PFC) 

Ruocco 

et al. 

(2010) 

Healthy 

controls (8) 

USA 18.88 

(0.84) 
0/8 Regulation 

(RBP & 

NC, block) 

Custom 

developed 

system at 

Drexel 

University 

Sadness cognitive 

reappraisal task 

(IAPS) 

Higher O2Hb during the task 

condition compared to the 

baseline (anterior frontal lobe) 

 

Schneide

r et al. 

(2014) 

Healthy 

adults (33) 

Germany  28.9 

(Rang

e: 19-

51) 

10/23 Perception 

(RBP & 

NC, block) 

ETG-4000, 

Hitachi 

(SPSS & 

MATLAB) 

Emotion 

identification task 

(videos of neutral 

and emotionally 

expressive 

walking)  

Increase O2Hb for negative gait 

(right and left occipito-temporo-

parietal areas) 

Tupak et 

al. 

(2013) 

 

Healthy 

adults (35) 

Germany 26.46 

(6.96) 
11/24 Regulation 

(RBP, 

block)  

ETG-4000, 

Hitachi 

Threatening 

matching and 

labelling task 

(IAPS) 

Increased activity for negative 

condition compared to baseline 

(vlPFC) 

Vanutelli 

et al. 

(2015) 

Healthy 

adults (22) 

Italy 24.4 

(3.57) 
10/12 Experience 

(RBP & 

NC, block)  

fNIRScout 

System, 

NIRx 

(NirsLab) 

Passive viewing 

affective pictures 

depicting human 

Increase O2Hb for aggressive 

human and friendly animal 

interactions compared to neutral. 
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and animal 

interactions 
Decreased O2Hb for aggressive 

animal interactions (PFC) 

Wang, F. 

et al. 

(2018) 

Healthy 

adults (24) 

China 22.4 

(2.1) 
15/11 Experience  

(RBP & 

NC, block) 

LABfNIRS, 

Shimadzu 

(Homer 2 

and SPSS) 

Rating emotional 

pictures (IAPS) 
Increased activity during 

presentation of positive 

compared to neutral images. 

No changes for negative 

images (left dlPFC) 

Wang, 

M. et al. 

(2018) 

Healthy 

adults (12) 

China 22.8 

(1.91) 
5/7 Experience 

(RBP, 

block)  

CW6 system, 

fNIRSOptic 

(Homer 2 

and SPSS) 

Anticipating 

emotional 

pictures (IAPS) 

Positive condition induced 

higher O2Hb compared to 

neutral and negative conditions 

(left dlPFC) 

Watanab

e et al. 

(2011) 

Healthy 

adults (28) 

Japan 21.9 

(1.2) 
0/28 Experience 

(RBP & 

NC, block)  

ETG-4000, 

Hitachi 

(SPSS) 

Passive viewing 

emotional 

pictures (IAPS) 

Increased O2Hb during 

emotional task especially for 

negative stimuli (PFC) 

 

Watanuki 

et al. 

(2016) 

Healthy 

controls 

(19) 

Japan 40.53 

(8.29) 
9/10 Perception 

(RBP, 

block) 

ETG-4000, 

Hitachi 

Emotion face 

recognition task 

(JCFEENF) 

Significant difference in 

O2Hb between emotion 

recognition and neutral 

identification tasks (left mPC 

and left vlPFC) 

Wei et al. 

(2017) 

Healthy 

controls 

(30) 

China 28.6 

(6.52) 
18/12 Experience 

(RBP & 

NC, block) 

LABfNIRS, 

Shimadzu 

(NIRS_SPM) 

Passive viewing 

emotional 

pictures (IAPS) 

Decreased O2Hb during 

presentation of negative and 

positive compared to neutral and 

baseline (left and right dlPFC) 

 

Yang et 

al. 

(2007) 

Healthy 

controls 

(30) 

China 24.32 

(1.86) 
11/19 Experience 

(RBP & 

NC, block) 

(SPSS) Passive viewing 

neutral and 

negative pictures 

(IAPS) 

Increased O2Hb during stressful 

picture period for female group 

only (PFC) 

Yu et al. 

(2017) 

Healthy 

adults (7) 

Singapore 36.3 

(11.3) 
 Experience 

(RBP, 

block) 

fNIRSport, 

NIRx 

(NIRS_SPM) 

Emotion 

induction video 

stimulus 

Increase O2Hb during emotional 

task period (right PFC) 
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Zhang et 

al. 

(2017) 

Healthy 

infants (18) 

China 39.8 

(1) 

weeks 

9/9 Experience 

(RBP & 

NC, block) 

fNIRScout 

System, 

NIRx 

(SPSS, NFRI 

& NirsLab) 

Passive emotional 

prosody (DCVE) 
Increased O2Hb for fearful, 

angry, and happy prosodies 

compared to neutral (right MTG, 

STG and supramarginal gyrus)  

Zhang et 

al. 

(2018) 

Healthy 

adults (22) 

China 20.8 

(0.4) 
10/12 Experience 

(RBP & 

NC, block) 

fNIRScout 

System, 

NIRx 

(MATLAB) 

Passive emotional 

prosody (DCVE) 
Increase in O2Hb for happy 

compared to neutral condition 

(left pars triangularis). No 

significant changes in O2Hb 

for anger or fear. 

Zhang et 

al. 

(2019) 

Healthy 

infants (60) 

China  39.2 

(1) 

weeks 

30/30 Experience 

(RBP & 

NC, block) 

fNIRScout 

System, 

NIRx 

(MATLAB) 

Passive listening 

to speech samples 

in Chinese and 

Portuguese 

Compare to neutral condition, 

higher O2Hb for positive (right 

temporal and bilateral frontal 

regions), fearful (right temporal 

and parietal regions) and angry 

stimuli (STG) 

Zhao et 

al. 

(2019) 

Healthy 

infants (29) 

China 189 

(9.66) 

days 

14/15 Experience 

(RBP & 

NC, block) 

Custom built 

by 

Biomedical 

Optics 

Research 

Laboratory  

(Homer 2) 

Passive listening 

to emotional 

prosody 

Increased O2Hb for angry 

compared to neutral (left 

anterior superior temporal 

cortex). Increased O2Hb for 

happy vs angry (right 

posterior STC) 

NOTE: RBP = Resting Baseline Period, NC = Neutral condition, OFC = orbitofrontal cortex, PFC = Prefrontal cortex, IAPS = 

International Affective Picture System, POFA = Pictures of Facial Affect, LH = Left hemisphere, RH = right hemisphere, dl = 

dorsolateral, vm = ventromedial, ASD = Autism spectrum disorder, DCVE = Database of Chinese Facial Emotions 



 148 

Results 

During the initial search phase, 1,736 articles from databases and 11 articles from 

reference lists were identified and exported to EndNote (Clarivate Analytics, USA). After 

removing duplicates, 1,384 studies were screened for relevance by examining their titles and 

abstracts, narrowing the pool to 125 articles for full-text evaluation. Following the 

aforementioned eligibility criteria, 41 studies were excluded for several reasons, including 17 for 

inadequate cognitive task designs, 7 for lack of full-text availability, 6 for not reporting O2Hb 

concentrations, 4 for not including a healthy control group, 4 for reusing a previously reported 

sample, and 3 for not measuring with fNIRS during the emotion processing task. A total of 85 

fNIRS studies were found to meet inclusion criteria and included in the final review. A full list of 

included studies and their summary characteristics can be found in Table 5.1. 

Quality Assessment. Based on the checklist criteria outlined in Table 5.3 (see Appendix 

B), 31 of the studies were identified as good-quality, and 54 studies as fair-quality. None of the 

articles maintained after screening were identified as poor-quality during the quality assessment 

phase. Conflicts of interest were reported in one of the studies, while 39 failed to report on 

conflicts of interest and the remaining 45 reported that there were no notable conflicts. Attrition 

of participants was less than 80% in 27 of the studies. Furthermore, 25 of the studies included 

both a resting baseline and neutral comparison condition, which enabled better control for 

unrelated neurocognitive interference. A summary of the quality assessment findings can be 

found in Table 5.2 (see Appendix A). 

Participant Characteristics. The total sample size for the 85 included studies was 2,169, 

consisting of 1,682 healthy adults, 269 infants, 181 children, and 37 elderly. Fifteen of the 

studies also included a clinical comparison group, including 4 of schizophrenia spectrum 
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disorders, 4 of depressive disorders, 2 for autism spectrum disorders, 2 of ADHD and 1 study 

each for Alzheimer’s, borderline personality disorder, and prenatal alcohol-exposed children. 

Across all articles mentioning gender (n = 1 did not report gender), the ratio of males to females 

was 1,006 (45.7%) to 1,195 (54.3%) respectively. Four of the studies included only male 

participants, while 8 included females only. The mean age ranged from 163 days to 63.7 years, 

with an average of 28.8 years (SD = 4.2) across all studies. The studies were conducted in a 

variety of countries, including 25 from Japan, 13 from China, 12 from Germany, 11 from the 

USA, 6 from Italy, 3 each from Austria and the UK, 2 from Spain, Switzerland and Turkey, and a 

single study from Brazil, Cyprus, Netherlands, Singapore and South Africa. Although 15 of the 

85 studies also included a clinical sample for comparison, it was not a necessary criterion as 

group comparisons fell outside the scope of this review. 

fNIRS Measurement and Analysis. A total of 30 different fNIRS systems were used to 

measure O2Hb changes across the reviewed studies, including CW6 (fNIRSOptic), DLP 

(NirScan), DYNOT (NIRx), ETG-100/4000/7000 (Hitachi), Imager1000 (NIRx), 

FNIR100B/1100 (BioPac), FOIRE-3000 (Shimadzu), LABfNIRS (Shimadzu), MP150 (BioPac), 

NIMprobe (NIM Inc), NIRO-200/300 (Hamamatsu), fNIRScout (NIRx), fNIRSport (NIRx), 

OEG-16 (Spectratech), OEG-SpO2 (Spectratech), OM-220 (Shimadzu), OMM-2000 

(Shimadzu), Oxymon MKIII (Artnis), PocketfNIRS duo (DynaSense) and eight custom-

developed systems. The ETG-4000 (Hitachi, Japan) was the most common system, being used 

by 29 (33.7%) of the studies, followed by the fNIRScout with 9 (10.5%) studies. There were 43 

(50.6%) articles which compared the task-related activity to a resting baseline condition, 17 

(20%) which compared to a neutral or control task condition, and 25 (29.4%) examined both 

baseline and neutral conditions. The probes were positioned 3 cm apart for all studies and placed 
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over the frontal lobe in 75 of the studies, temporal lobe in 7 studies, occipital lobe in 3 studies 

and parietal lobe in a single study. In addition to the range of fNIRS systems and probe layouts, 

the studies also used a variety of different software to analyse the fNIRS data, including 

MATLAB, SPSS, SPM 5, SPM 8, Homer 2, NIRS_SPM, fNIRSoft, fNIRStar, AnalyzIR, JMP 

Pro 12, fNIRS toolbox, BIMTAS-II, fNIRSLab, PowerLab and the integral-mode of various 

systems. 

Emotion Processing Outcomes 

Emotional Experience. Emotional experience was the most commonly examined 

domain of emotion processing, with 51 studies containing a total of 1,286 participants. Forty-

three studies focused on the PFC, while 8 examined other brain regions, including the occipital 

cortex and temporal lobe. Of the 43 studies examining the PFC, 22 (51.2%) reported increased 

O2Hb in the PFC during the experience of emotion stimuli, 3 (7%) reported greater activation 

only for negative stimuli (Herrmann et al., 2003; Ozawa et al., 2014; Yang et al., 2007), and 6 

(14%) reported no significant changes in the O2Hb (Deppermann et al., 2017; Huang et al., 2017; 

Lucas et al., 2019; Matsuo et al., 2003; Nakata et al., 2018; Piper et al., 2015). In contrast, 3 

(7%) studies claimed there was a decrease in O2Hb in the PFC during emotional experience 

(Himichi et al., 2015; Ozawa et al., 2019; Wei et al., 2017). The remaining nine studies (20.9%) 

reported mixed findings depending on the valence or type of presented stimuli (Fanti et al., 2016; 

Hoshi et al., 2011a; Matsukawa et al., 2017; Perlman et al., 2014; Rodrigo et al., 2016; Vanutelli 

& Balconi, 2015; F. Wang et al., 2018; M.-Y. Wang et al., 2018; Zhang et al., 2018). 

Emotion Regulation. Eleven studies with a total of 313 participants examined the 

domain of emotional regulation. Of the 11 studies, 6 (54.5%) reported increased activity in the 

PFC during regulation tasks (Dieler et al., 2010; Ernst et al., 2013; Giles et al., 2018; Grabell et 
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al., 2018; Matsubara et al., 2014; Ruocco et al., 2010), 3 (27.3%) reported increased prefrontal 

activation only during the regulation of negative stimuli (Holper et al., 2016; Honda et al., 2018; 

Tupak et al., 2014), and 2 (18.2%) studies reported no significant changes in O2Hb (Glotzbach et 

al., 2011; Grabell et al., 2019). 

Emotion Perception. With a total of 600 participants, 23 studies examined the domain of 

emotion perception. Nineteen of the studies examined the PFC, while four focused on other 

regions of the temporal or occipital cortices. Of the 19 prefrontal studies, 5 (26.3%) reported a 

significant increase in PFC activity during emotion recognition tasks (Egashira et al., 2015; Fox 

et al., 2013; Lu et al., 2019; Nishikawa et al., 2015; Nishitani et al., 2011) and 2 (10.5%) reported 

increased O2Hb for negative stimuli only (Hosokawa et al., 2015; Roos et al., 2011). In contrast, 

5 (26.3%) studies reported a significant decrease in O2Hb (Gruber et al., 2019; Hirata et al., 

2018; Ieong & Yuan, 2018; Manelis et al., 2019; Ravicz et al., 2015), and 2 (10.5%) reported no 

significant changes in O2Hb (Ateş et al., 2017; Herrmann et al., 2016). One study by Watanuki et 

al. (2016) declared a significant change in O2Hb but failed to indicate the direction of change. 

The remain 4 (21%) of studies presented mixed findings depending on the prefrontal region or 

type of emotion stimuli (Abdullayev et al., 2018; Anuardi & Yamazaki, 2019; L. Gao et al., 

2019; Roos et al., 2011). 

Discussion 

This review aimed to establish the capacity of fNIRS for detecting haemodynamic 

changes during emotion processing and provide recommendations for future research to improve 

reliability. Following a comprehensive literature search, we identified 85 peer-reviewed journal 

articles assessing O2Hb concentrations during tasks of emotion processing among healthy 

participants. Of the included articles, 51 studies examined emotional experience, 23 emotion 
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perception, and 11 emotional regulation. There was a wide variety of experimental paradigms 

across the various studies; thus, quantitative analyses of data were limited. Nonetheless, we 

thematically summarized and synthesised the findings, highlighted methodological limitations, 

and made recommendations for future research. A frequency distribution of overall study 

outcomes is presented in Figure 5.2.  

Emotional Regulation. The findings were most consistent among studies of emotional 

regulation with almost all the reviewed studies showing increased O2Hb in the PFC during the 

task period, especially for the regulation of negative stimuli. For example, Giles et al. (2018) 

delivered a cognitive reappraisal task using negatively valences IAPS images and found 

increased activities in the dorsal and anterior PFC during the reappraisal condition. Likewise, 

Honda et al. (2018) reported increased activity in the left PFC when participants were required to 

suppress their own facial expressions during the presentation of negatively valanced video 

stimuli. These findings are congruent with fMRI studies which have found increased activation 

in the vlPFC, dmPFC and left superior temporal gyrus, as well as hypoactivation in the amygdala 

and OFC (Grecucci et al., 2012; Kohn et al., 2014; Mak et al., 2009; Picó-Pérez et al., 2017). 

Nonetheless, one meta-analysis of cognitive reappraisal studies found activation in the lateral 

temporal cortex and bilateral amygdala, but not in the vmPFC or any other regions (Buhle et al., 

2014). Dörfel et al. (2014) examined various emotion regulation strategies separately and found 

that cognitive reappraisal recruited a qualitatively different network comprising the left vlPFC 

and orbitofrontal gyrus, compared to the right prefrontal-parietal region activated by other 

strategies, including detachment, expressive suppression and distraction. A recent meta-analysis 

of fMRI studies further concluded that the dmPFC, angular gyri and left vlPFC are typically 

activated during cognitive reappraisal of emotion (Picó-Pérez et al., 2017). Taken together, these 
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findings suggest that the left lateral PFC plays a role in constructing reappraisal strategies that 

can modulate activity in emotion centres of the brain (Anderson & Green, 2001; Dieler et al., 

2010; Ochsner et al., 2002).  

Although the findings among studies of emotional regulation are relatively consistent, 

limited research has examined this domain of emotion processing (n = 11 studies), task 

dimensions varied widely, and studies were often limited by statistical power, sensitivity and 

generalisability. Specifically, three articles only focused on a single type of emotion (Glotzbach 

et al., 2011; Honda et al., 2018; Ruocco et al., 2010), three only examined negatively valanced 

stimuli (Ernst et al., 2013; Giles et al., 2018; Tupak et al., 2014), three used word-based 

interference tasks involving neurocognitive interference (Dieler et al., 2010; Holper et al., 2016; 

Matsubara et al., 2014), and the remaining two studies used developmentally appropriate 

paradigms suitable only for young children (Grabell et al., 2019; Grabell et al., 2018). To date, 

there have been no fNIRS studies of emotional regulation using a range of emotional stimuli to 

evoke affective states in healthy functioning adults. Future research should focus more attention 

on the domain of emotion regulation by using representative samples and comprehensive tasks to 

verify the findings presented in the reviewed studies. 

Emotion Experience. The experience of emotion was by far the most extensively 

researched domain of emotion processing. Many studies reported significant increases in 

prefrontal O2Hb concentrations during the presentation of emotionally inducing stimuli (Balconi 

et al., 2017; Brugnera et al., 2016; X. Hu et al., 2019; Kreplin & Fairclough, 2013; Zhang et al., 

2019). Several studies also reported increased activity in other brain regions, including the 

occipital cortex during visual tasks (Herrmann et al., 2008; Köchel et al., 2011) and the temporal 

lobe for tasks of auditory modality (Kondo et al., 2018; Plichta et al., 2011; Zhao et al., 2019). 
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Nonetheless, although most studies agreed on the increased O2Hb concentrations during 

emotional experience, no significant changes were found by others (Lucas et al., 2019; Nakata et 

al., 2018) and some even reported decreased prefrontal O2Hb concentrations during the 

presentation of emotional stimuli (Himichi et al., 2015; Ozawa et al., 2019; Wei et al., 2017). 

These finding are congruent with fMRI studies which have linked parts of the PFC to emotional 

experience, even though there is no consensus on the exact role, localisation and nature of 

activation (Gazzaniga & Ivry, 2013; Green et al., 2015; Kober et al., 2008; Wacker et al., 2009). 

One meta-analysis of fMRI and PET studies suggests that there is no single region that uniquely 

represents emotional valences, but rather valence is flexibly implemented across instances by a 

set of valence-general regions, including the anterior insula, rostral vmPFC, dorsal ACC, 

amygdala, ventral striatum, thalamus and occipitotemporal cortex (Lindquist et al., 2016).  

Investigators have proposed that different neural systems are responsible for the 

processing of different emotions (Gazzaniga & Ivry, 2013). Providing support for this theory, 

neuroimaging studies have revealed that activation in brain networks varies depending on the 

emotional situation (Chang et al., 2015; Kragel & LaBar, 2016). It is possible that alteration in 

neural activities between some of the reviewed studies may reflect differences in the types or 

valences of emotional stimuli presented. A theme was uncovered in several reviewed studies 

whereby positively valanced stimuli were characterised by O2Hb increases in the left hemisphere 

and negatively valanced stimuli in the right hemisphere (Balconi & Vanutelli, 2016; Balconi et 

al., 2017; F. Wang et al., 2018). This pattern of activity is consistent with two general theories of 

hemispheric asymmetry for emotion: the right hemisphere hypothesis and the valence 

hypothesis. The right hemisphere hypothesis posits that the activation in the left hemisphere may 

function to regulate the intensity of activation in the right hemisphere, whereby overactivation is 
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associated with negative experiences and under-activation is associated with positive 

experiences. In contrast, the valence hypothesis of hemispheric asymmetry suggests that the 

anterior portions of both hemispheres are differentially specialised, with the left-side being more 

dominant for positive experiences and right-side dominance for the experience of negative 

emotions. Although there is considerable evidence to support both theories, the extent to which 

either hemisphere is involved remains unclear. Nonetheless, these findings suggest that, even 

within the PFC, positive and negative emotions are characterised by different patterns of 

activation. Although this is consistent with our findings, some of the studies with conflicting 

results implemented tasks with a limited emotional range (Himichi et al., 2015; Nakata et al., 

2018). Thus, further research is needed into the experience of different types of emotion using 

fNIRS. 

Researchers have suggested that the resolution of fNIRS might be too coarse to 

discriminate between different emotional processes (Glotzbach et al., 2011). Although previous 

fMRI studies have shown reliable differences in prefrontal activation between emotional 

experience and regulation (Banks et al., 2007; Eippert et al., 2007; Kalisch et al., 2005; Lévesque 

et al., 2003; Ochsner et al., 2002; Phan et al., 2005), it remains unclear how well fNIRS can 

distinguish between the difference cognitive states. One fMRI study found that cognitive 

reappraisal activates prefrontal regions similar to those reported in studies of emotion regulation, 

while emotional experience activates the bilateral amygdala (Winecoff et al., 2011). It has been 

theorized that the PFC plays a role in suppressing activity in the amygdala during emotional 

regulation, which can result in detectably greater hemodynamic activity in the PFC and lower 

activation in the amygdala during emotional regulation compare to experience (Glotzbach et al., 

2011). Despite the coarseness and low spatial resolution of fNIRS, initial studies have shown 
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different patterns of activation for emotional regulation and experience. For example, Giles et al. 

(2018) found decreased activity in the dorsal and anterior PFC during negative experience and 

increased activity during negative regulation. Similarly, Glotzbach et al. (2011) found increased 

O2Hb in the PFC during fearful experience and no significant change during emotional 

regulation.  

Emotion Perception. Inconsistent findings were also reported among the reviewed 

studies of emotional perception. Many of the publications reported increased activity in PFC 

(Egashira et al., 2015; Nishikawa et al., 2015; Roos et al., 2011; Schneider et al., 2014), several 

suggested decreased activity (Gruber et al., 2019; Hirata et al., 2018; Ieong & Yuan, 2018; 

Manelis et al., 2019; Ravicz et al., 2015), and some reported no change in O2Hb (Ateş et al., 

2017; Herrmann et al., 2016). Furthermore, several of the reviewed studies reported mixed 

findings depending on the brain region or type of emotion being measured. Although 

heterogeneous emotional mechanisms likely accounted for some of these inconsistencies, 

discrepant findings also persisted among studies implementing similar paradigms. For example, 

most perception-based studies employed a photo-visual facial expression recognition task, yet 

patterns of prefrontal activity still varied across these studies. One study by Abdullayev et al. 

(2018) reported that O2Hb increased in the vPFC and mPFC and decreased in the dlPFC during a 

facial affect recognition task. Another study by L. Gao et al. (2019) implemented a similar 

recognition task and found increased O2Hb concentration in the right PFC during the 

presentation of happy and fearful stimuli, while sad facial expressions resulted in decreased 

activity in the left PFC. Herrmann et al. (2016) also examined healthy adults using a facial 

emotion recognition task and found no significant changes in O2Hb. 
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These findings are congruous with fMRI research which has identified a plethora of 

regions responsible for facial expression recognition, including the mPFC, fusiform gyrus, ACC, 

inferior frontal gyrus (IFG), superior temporal sulcus (STS), nucleus accumbens, amygdala, 

insula and parts of the occipital lobe (Dolcos et al., 2011; Filkowski et al., 2017; Grill-Spector et 

al., 2004; Habel et al., 2010; O’Doherty et al., 2003). Although activity in the fusiform gyrus, 

amygdala, IFG, STS, and occipital lobe has been found in the study of neutral faces, it seems 

emotion-induced activation depends upon the type and intensive of expression (Gur et al., 2002; 

Jehna et al., 2011; Kesler-West et al., 2001). Angry faces have been found to elicit activation in 

the superior frontal gyri and anterior cingulate cortex, while disgust has been found to elicit 

activation in the fronto-orbital cortex and insula, and sad faces elicit relatively greater activation 

in the putamen and inferior frontal gyrus (Abel et al., 2003; Paolo Fusar-Poli et al., 2009; Jehna 

et al., 2011; Kesler-West et al., 2001; Wabnegger et al., 2015). The mPFC has also been 

implicated in the processing of emotions, including happiness, fear and angry (Kesler-West et al., 

2001). Nonetheless, findings within the mPFC are inconsistent with some fMRI studies reporting 

hypoactivation, some reporting hyperactivation, and others reporting no activation (Haxby et al., 

2002; Li et al., 2010; Ruiz et al., 2013; Sabatinelli et al., 2011; Vuilleumier & Pourtois, 2007). A 

meta-analysis of emotion activation studies using fMRI and PET found no consistent pattern of 

activity in PFC across individual emotions or induction methods (Phan et al., 2002). Several 

researchers have suggested that the mPFC may be implicated in cognitive functions which are 

implicit to the emotional tasks, such as directing visual attention towards facial features, 

especially the eyes, during emotional expression (Kesler-West et al., 2001; Wolf et al., 2014).  

Although further investigation is needed to establish the causes of discrepancy among 

previous studies and to identify the most suitable approach to measuring emotion processing 
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with fNIRS, by examining differences between prior studies, we can posit several potential 

factors which may influence research outcomes. Three key areas of the experimental design 

might explain the discrepancies in research outcomes between the reviewed studies: 1) the 

cognitive task, 2) the recruited sample, and 3) the methods for measurement and analysis of 

fNIRS data. In examining the cognitive task, we will focus on variations in the intensity of 

stimuli, emotional valences of stimuli, and type of control condition. During the discussion on 

the recruited sample, we will examine the effects of age and gender distribution, as well as the 

size of the sample. Finally, for the measurement and analysis of fNIRS data, we will discuss the 

different types of fNIRS systems, analysis software and probe arrangements. 
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Figure 5.2. Frequency distribution of study outcomes. 
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Variations in Cognitive Tasks 

The design of the cognitive task was a likely factor influencing research outcomes and 

contributing to discrepancies between studies. Many studies implemented a rating or response 

type paradigm whereby participants had to actively select a fixed or subjective response option, 

while other studies simply involved passive viewing of static images. The various task designs 

involved diverse cognitive demands, required a variety of neurocognitive skills, and included a 

range of different valances, sensory modalities, and levels of complexity. The findings from this 

review highlighted three task design characteristics which could potentially influence outcomes: 

1) intensity of the stimuli, 2) emotional valence of stimuli, 3) type of control condition. 

Intensity of the Stimuli. Altered O2Hb concentrations have been observed in tasks with 

varying degrees of complexity. Some studies presented obvious stimuli over a prolonged period, 

while many other studies elected for a rapid presentation of subtle expressions of emotion. One 

study by Gruber et al. (2019) provided participants with a series of semantically meaningless 

words spoken with various inflections and required the participants to either categorise or 

discriminate them based on their emotional or linguistic context. The findings revealed that, 

compared to a neutral condition, O2Hb concentrations decreased in the frontal left hemisphere 

during categorisation and discrimination of emotional tones, especially in the fear condition 

(Gruber et al., 2019). Another perception-based task in a study by Krol, Namaky, et al. (2019) 

merely involved the passive viewing of emotional facial expressions and found increased O2Hb 

in the PFC during the recognition of fear and happiness. One study investigated the effect of task 

difficulty on fNIRS measured O2Hb changes using an emotional facial expression recognition 

task and found that O2Hb concentrations were higher in the right hemisphere when the stimuli 

were more ambiguous compared to those that were more evident (Nishikawa et al., 2015). As 



      161 

well as highlighting the difficulties in comparing results between studies, these examples show 

the importance of task selection when undertaking fNIRS research by demonstrating that 

prefrontal-activity varies depending on the cognitive demands of the task. 

Valence or Type of Emotional Stimuli. Many studies have found contrasting O2Hb 

concentrations amongst a range of different emotions and valences. Krol, Puglia, et al. (2019) 

presented infants with emotional facial expressions and found increased O2Hb in the right PFC 

during the passive viewing of happy and fearful faces but decrease activation during the 

presentation of anger. Another study found increased O2Hb during passive listening to happy 

emotional prosody compared to the neutral condition but reported no significant activation 

changes for the anger or fear conditions (Zhang et al., 2018). Hoshi et al. (2011a) used a simple 

image valence rating task and found decreased activity in the left dlPFC for positive stimuli and 

increased O2Hb in the vlPFC during the presentation of negative stimuli. Another similar study 

requiring participants to rate emotional images found increased O2Hb concentrations in the left 

PFC for negative stimuli, but not for positive (Herrmann et al., 2003). Taken together, these 

findings add to the growing evidence that patterns of neural activity differ according to the 

discrete emotion or valence of presented stimuli. Therefore, researchers risk diminishing signal 

reliability and contaminating data if they fail to isolate discrete emotions during analysis, owing 

to potential oxygenation saturation or weakening of activation by averaging across unrelated 

blocks. In conducting research using fNIRS, it is important for investigators to include and 

isolate the effects of positive, negative, and neutral conditions, or preferably examine each type 

of emotion separately. These more comprehensive approaches would allow for a more even 

comparison between studies and more precise findings regarding the haemodynamic changes 

during emotion processing. 
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Type of Comparison Condition. Alternatively, the choice of comparison condition 

might help explain the mixed results among reviewed studies. Many of the studies used a resting 

baseline period, usually consisting of viewing a cross-hair on a blank screen. Other studies 

implemented various neutral control tasks which provided matching cognitive demands without 

the emotional component. For example, a study by Fanti et al. (2016) presented participants with 

either violent, comedic or neutral video clips and found increased O2Hb during positive videos 

and reduced activity during negative videos compared to the neutral condition. Another study by 

Nakadoi et al. (2012) presented images of faces displaying either fearful or neutral expression 

and found increased O2Hb concentrations in the PFC during the fearful condition compared to 

the neutral facial expressions. On the other hand, there have been several similar studies 

comparing emotional experience to a resting baseline period and finding no significant changes 

in prefrontal O2Hb (Lucas et al., 2019; Matsukawa et al., 2017; Matsuo et al., 2003; Nakata et 

al., 2018; Piper et al., 2015). Without a neutral control condition, studies run the risk of detecting 

activation stemming from neurocognitive processing, including selective attention, visual 

perception and working memory. Thus, it is reasonable to assume that patterns of activation 

would different between studies depending upon the type of control condition that was 

implemented. Owing to a lack of standardisation in the analysis and reporting of data among the 

reviewed studies, it is difficult to compare between the two control conditions. Although some 

studies included both a resting baseline and a neutral condition, to the best of our knowledge, no 

study has yet compared activation between the two control conditions. Future studies would 

benefit by examining neural activity during both resting baseline and neutral control conditions 

to help disentangle the influence of emotion processing from unrelated non-emotional 

neurocognitive processes.  
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Variations in the Recruited Sample  

Previous research has established that individual differences between participants can 

impact on O2Hb concentrations, especially concerning the subjective tasks used in emotion 

processing research (Hoshi et al., 2011b). For example, the mood of an individual at the time of 

measurement might influence their performance and associated neural activity in a manner 

unrelated to the task. A review by Bendall et al. (2016) examined 11 studies of emotional 

experience and argued that there were often discrepancies between individual- and group-level 

findings. Bendall et al. (2016) concluded that to reduce the likelihood of Type I and II errors 

resulting from systemic physiological fluctuations, future research would benefit by examining 

the data of individual participants before commencing a secondary-level analysis. The current 

review highlighted three characteristics of the recruited samples, which may have influenced the 

study outcomes: 1) gender distribution, 2) age difference, and 3) the size of the recruited sample. 

Gender Distribution. The assumption that women are more emotional than men has 

transpired over the last several decades, resulting in many studies of gender difference in 

emotion (Deng et al., 2016; Parkins, 2012). While there is substantial evidence to suggest gender 

differences exist across a range of emotional processes, no consensus has been reached for any 

specific domain as findings are often contradictory (Deng et al., 2016; Whittle et al., 2011). 

Advancements in neuroimaging have provided an opportunity for the objective measurement of 

the neural mechanisms underlying emotion processing (Gross & Thompson, 2007). Studies 

employing fMRI or PET have found evidence for gender differences in the neurobiological 

mechanisms underlying emotion processing, suggesting that men and woman use different 

strategies when processing emotion, which can lead to diverse subjective and behavioural 

responses (Whittle et al., 2011).  
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To date, few studies of emotion processing have adopted fNIRS in the investigation of 

gender differences. Bigliassi et al. (2015) examined gender difference in emotional experience 

and found that males had significantly higher O2Hb concentration in the mPFC while listening to 

motivational and calm music than females. Another study examined gender differences during 

passive viewing of fearful faces and found that female experienced greater activation in the left 

dlPFC (Marumo et al., 2009). Although most studies have recruited roughly equivalent 

distributions of males and females, several studies restricted their focus to a single gender. Lucas 

et al. (2019) examined emotional experience using a passive viewing task in a sample of only 

women participants and found no significant differences in prefrontal O2Hb. Another study 

focusing only on male participants employed a similar task and reported increased O2Hb during 

the presentation of negative stimuli (Ozawa et al., 2014). Anuardi and Yamazaki (2019) recruited 

a predominately male sample and found increased O2Hb during an emotion perception task, 

while another similar article reported no significant O2Hb changes among a sample of 

predominately female participants (Herrmann et al., 2016). Taken together, these findings 

suggest that prefrontal brain activities during emotion processing are more prevalent among male 

participants than female participants. Therefore, it is possible results could be diluted from the 

inclusion of more female participants owing to a potential gender effect. Nonetheless, further 

research directly comparing the two genders while controlling for confounding factors is 

warranted before such conclusions can be made.  

Age Differences. fNIRS has been used to examine emotion processing in participants of 

varying ages, including infants, children, adults, and the elderly. One study has investigated 

differences in emotional experience between younger and older adults using a VR driving 

simulation task (Nakata et al., 2018). Nakata et al. (2018) discovered that elderly adults 
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experienced increase O2Hb in response anger elicited by red traffic lights, while the younger 

adults had no significant changes in the activation for any of the traffic light conditions. Research 

on children populations has also produced some contrasting findings. For example, one study by 

Grabell et al. (2019) investigated emotional regulation in a sample of 60 children (mean age: 4.9 

± 1) and found no significant O2Hb changes in the lateral PFC during either positive or negative 

conditions. To date, almost all studies of emotional regulation have produced consistent findings, 

namely increase activity in the PFC, meaning the article by Grabell et al. (2019) is one of two 

with discrepant results. These limited findings provide some indication that the neural 

mechanisms underlying emotion processing, as revealed by fNIRS, vary between child, adult, 

and elderly populations. 

Size and Representativeness of the Sample. Additionally, the sample sizes for most of 

the reviewed articles were quite small, with only 13 studies recruiting >35 participants and 21 

studies recruiting <15 participants. Smaller sample sizes may contribute to low statistical power 

and reduce the reliability of research findings (Zhang & Roeyers, 2019). For example, studies by 

Yu et al. (2017) and Heger et al. (2014) recruited relatively small samples (n = 7 and n = 8 

respectively) and found increased prefrontal activity during an emotional experience task. 

Conversely, studies by Lucas et al. (2019) and Piper et al. (2015) recruited moderate to large 

numbers (n = 39 and n = 104 respectively) of participants relatively and found no significant 

changes in O2Hb during emotion experience tasks. It is possible the studies with smaller sample 

sizes are finding significant results because of Type I error (Button et al., 2013). The discrepancy 

between studies might be resolved simply by recruiting more participants to achieve sufficient 

statistical power.  
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Furthermore, a secondary issue with small sample sizes is that they are often not 

representative of the target population. Larger sample sizes are advantageous because they allow 

for more precise estimates of mean values, are usually more representative, provide a smaller 

margin of error and have greater generalisability (Biau et al., 2008). Samples which lack 

representativeness are usually not generalisable and may contribute another source of 

inconsistency to research outcomes (Gobo, 2004). Several of the studies included in this review 

used convenience sampling to recruit solely undergraduate university students. Although student 

samples are typically recruited because of their accessibility, low cost of administration and 

lower response bias, they are usually considered to be homogenous and not representative of the 

general population (Arnett, 2016; Hanel & Vione, 2016). As students typically represent a 

proportion of the population with higher socioeconomic status, educational attainment and 

intelligence, it raises concerns regarding the representativeness, generalisability and 

comparability of the results (Greenfield, 2014; Hanel & Vione, 2016). Therefore, larger more 

representative samples are encouraged in future research to ensure reliability. 

Variations in the Measurement and Analysis of fNIRS Data 

Variability in the measurement and analysis of haemoglobin concentrations was another 

area which potentially contributed to the reported discrepancies. Many of the reviewed articles 

used different fNIRS systems, probe layouts, analysis software and approaches to data pre-

processing. Although each of these methods provides an accurate indication of haemodynamic 

changes, technical variations could lead to slight differences in research findings. Three areas of 

data collection and analysis were identified as potential causes of the inconsistent conclusions: 1) 

type of fNIRS systems, 2) selection of probe placement and 3) choice of analysis approach and 

software. 
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Different Types of fNIRS Systems. The use of 30 different fNIRS systems might also 

help explain some of the inconsistencies between studies. fNIRS systems use a variety of 

wavelengths to monitor changes in haemoglobin concentrations which can contribute to the 

unreliable quality of signals (Gervain et al., 2011). For example, a study by Watanabe et al. 

(2011) found increased O2Hb in the PFC during the passive viewing of positive and negative 

IAPS stimuli, while another study by Wei et al. (2017) found decreased O2Hb. Both studies used 

the same task, same stimulus materials, and roughly similar samples recruited from a similar 

location and age group; however, the former study used a Hitachi-4000 system (NIRx) with two 

near-infrared wavelegths (695nm, 830nm) to measure haemoglobin concentrations, while the 

latter used a LABfNIRS system (Shimadzu) with three wavelengths (780nm, 805nm and 

830nm). Although it would be unreasonable to conclude the difference in findings is totally due 

to the use of different fNIRS systems, it does provide a possible explanation for the discrepancy.  

Data Analysis Methods and Software. As fNIRS is an emerging technique, there is 

currently no standardised approach to data analysis. Several different software packages have 

been developed to assist in the pre-processing and analysis of fNIRS data, but most of these are 

either incomplete or adapted from other neuroimaging techniques. A study by Huang et al. 

(2017) analysed data using NIRS_SPM toolbox (BISP KAIST, Korea), a MATLAB-based 

software package which was initially designed for the statistical analysis of fMRI data and 

adapted for fNIRS. The study used an emotional image rating task and found no significant 

changes in O2Hb between positive and neutral stimuli. Another study analysed data using 

Homer-2, a second-generation set of MATLAB scripts explicitly designed for use with fNIRS, 

and found increased O2Hb in the left dlPFC during emotional experience of positive compared to 

neutral stimuli (M.-Y. Wang et al., 2018). As with the different fNIRS systems, the varying 
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analysis approaches only serve as a possible explanation for discrepancies between studies. 

Future research would need to investigate and compare the various methods of data analysis to 

establish their consistency and identify the best approach to use in the analysis of fNIRS data. 

Region of Interest and Probe Placement. The source-detector separation, number of 

channels and placement location are all parameters which contribute to the type of data collected. 

The separation between the source and detector probes determines the depth of penetration, 

while the quantity and position of the channels determine the amount and location of brain 

coverage. fNIRS has limited spatial resolution compared to fMRI, and subsequently, researchers 

are presented with a challenge when identifying the specific brain regions which contributed to 

detected changes in haemoglobin. Often the international 10-20 system, a method for mapping 

electrodes in EEG research, is used to localise the probe positions on a standard template. 

However, this method can be inaccurate because the relationship between the external probe 

placements and the internal brain structures is often unknown owing to the variation in head 

shape and size between participants. 

Most of the studies included in this review focused on the prefrontal area, which is not 

surprising owing to the suitability of fNIRS for measuring cortical tissue, the verified role of the 

PFC in emotion processing, and the possibility of hair interference. Nonetheless, studies 

implementing emotion prosody tasks identified the temporal cortex as a key area of activation 

owing to its involvement in the auditory network (Zhang et al., 2019; Zhang et al., 2017; Zhao et 

al., 2019). For example, a study by Zhao et al. (2019) found increased O2Hb in the left anterior 

superior cortex during passive listening of anger-based prosody. In contrast, other studies using 

visual perception tasks focused on the occipital cortex (Di Lorenzo et al., 2019; Herrmann et al., 

2008; Köchel et al., 2011).  
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Not only should researchers carefully consider the positioning of probes, but also how 

they approach the grouping of channels and mapping of brain structures. Several of the studies 

presented in this review reported varying results depending on the examined subregion or 

hemisphere of measured brain structures. For example, a study by Abdullayev et al. (2018) 

exploring emotional perception found increased activity in the vPFC and mPFC, but decreased 

activity in the dlPFC during a facial affect identification task. Another study reported decreased 

O2Hb in the left dlPFC for positive stimuli and increased activity in the vlPFC for negative 

stimuli during an emotional experience rating task (Hoshi et al., 2011a). These studies 

demonstrate how even the slightest change in probe position can lead to diverse results. Over the 

last two decades, fMRI has been used extensively in the mapping of brain function during many 

areas of cognition. Investigators planning to use fNIRS in their research should address relevant 

fMRI research before carefully selecting their approach to data collection and analysis. 

Strengths and Limitations of the Review 

The present review has several advantages. Foremost, a search of 4 high-quality 

databases resulted in a wide breadth and depth of studies from 16 countries, investigating a range 

of participants and using a variety of tasks. Another major strength was that two authors 

independently conducted the literature search, data extraction and quality assessment before 

consolidating their findings. Additionally, all included studies were assessed for quality using a 

well-establish checklist tool and found to be of moderate or high quality. Finally, both studies 

with a resting baseline period and neutral task condition were included in this review 

Nonetheless, there were also several limitations which need to be addressed. First, very 

few studies have focused on the domain of emotion perception and even fewer examined 

emotion regulation, thus it is difficult to draw strong conclusions across these domains. Second, 
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quantitative analyses of data were limited in this review, owing to the lack of standardisation 

between studies. The variations in cognitive tasks, measurement methods, and approaches to data 

analysis not only lead to a lack of consistency between studies but also render meta-analyses 

difficult (Parker et al., 2013). Furthermore, data extraction was constrained by the availability of 

reported outcome variables. Even though care was taken to remove studies using repeated 

samples, it is difficult to rule out the possibility of participant data being used repeatedly across 

multiple papers involving the same authors. There was also a possibility of file drawer effects 

which were difficult to address in this review owing to the variation between study designs.  

Finally, although any articles rated as weak were removed after the quality assessment stage, the 

included studies cannot be considered equality valued. The cognitive task designs varied 

considerably in terms of their complexity and depth. For example, some studies examined a 

range of emotions using a variety of engaging tasks, while other studies merely focused on the 

passive viewing of a single valence. 

Recommendation for Future Research 

Researchers should consider several aspects of the experimental design when 

investigating emotion processing using fNIRS, including the valence, intensity and modality of 

the stimuli, the size and representativeness of the recruited sample, and the methods of 

measurement and data analysis. As outlined in this review, a lack of procedural standardisation 

not only made it difficult to compare findings across studies, but was also a likely cause for 

much of the inconsistent results. It is recommended for future studies to include multiple 

cognitive tasks designed to measure across various emotion processing domains and sensory 

modalities to help explore task-related differences and resolve inconsistent findings. Perhaps 

more importantly, it is recommended that future research examines a diverse array of stimuli 
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with varying levels of arousal, intensity, and valence. Neuroimaging studies have provided 

evidence that there are distinct brain regions or neural circuits associated with the processing of 

different emotions (Gazzaniga & Ivry, 2013). Furthermore, previous research suggests that the 

strength of activation is dependent on the level of arousal or intensity of stimuli. Thus, restricting 

the focus to general emotion processing may limit and potentially weaken findings, as well as 

making it difficult to compare across studies. It would be useful for future researchers to employ 

a range of stimuli with both subtle and obvious depictions of positive and negative emotions or 

examine discrete types of emotion (e.g., anger, happiness).  

It is recommended that researchers recruit larger and more representative samples to 

increase statistical power and improve reliability (Zhang & Roeyers, 2019). A statistical power 

analysis using  Faul, Erdfelder, Lang, and Buchner’s (2007) G*power program 3.1 was 

performed for sample size estimation. Effect sizes were extracted and averaged across reviewed 

studies with sample sizes greater than n = 20 when sufficient data was provided (Balconi et al., 

2015; Grabell et al., 2019; Himichi et al., 2015; Lu et al., 2019; Lucas et al., 2019; Piper et al., 

2015). The average effect size reported in these studies was 0.34 for regulation, 0.32 for 

experience and 0.29 for perception. Using a two-tailed t-test between means with 80% power and 

an alpha of 0.05, the projected minimum total sample size needed with these effect sizes is 

approximately n = 70 for studies of regulation, n = 79 for experience and n = 96 for studies of 

perception. Thus, it is recommended that future studies should recruit between 70 and 96 

participants minimum to ensure adequate statistical power when investigating emotion 

processing when using similar study methodology to that used in prior research. Furthermore, 

studies should recruit participants from a diverse range of education levels, socioeconomic 

positions, and cultural backgrounds to ensure the findings are generalisable to the wider 
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population. As many of the existing studies target adults in their early-to-mid 20s, it would be 

interesting to examine at differences fNIRS findings across the lifespan. Finally, as neuroimaging 

research necessitates smaller sample sizes owing to greater cost and time demands, researchers 

should carefully consider the type of sampling method (e.g., stratified, purposive sampling etc.) 

they use to ensure the appropriateness and representativeness of their sample.  

One advantage of fNIRS is that it can easily be used in conjunction with other 

neuroimaging techniques (Bendall et al., 2016). As such, future research is encouraged to use a 

multimodal approach to obtain more information about participants from multiple perspectives. 

For example, MRI could provide an anatomical-functional co-registration to assist fNIRS with 

overcoming issues of lower spatial resolution and limited anatomical mapping (Zhang & 

Roeyers, 2019). Additionally, to bring about greater standardisation, future studies should 

compare activation during an emotional task condition with both a resting baseline period and a 

neutral control condition. Analysing and reporting the findings in relation to both of these control 

conditions would enable better comparison between studies and help disentangle emotion 

processing-related changes from the task-related neurocognitive influences. It is advisable for 

researchers to report all findings even if they are non-significant as this can help portray the true 

effectiveness of fNIRS.  

Finally, before fNIRS can be considered for real-world applications, further research 

needs to examine the test-retest reliability to establish whether the outcomes are reliable over 

time or whether they are influenced by extraneous day-to-day factors, such as a participant’s 

mood or the amount of sleep they received during the prior night. Although some preliminary 

studies have found the test-retest reliability of fNIRS in emotion processing to be acceptable at 

the group-level for mapwise and clusterwise scales, further research is needed to gain better 
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insight into the reliability of the method (Huang et al., 2017). Given that existing literature has 

reported inconsistent findings, it remains to be seen whether the stability of O2Hb signals are 

influenced by extraneous factors, such as the cognitive task, method of data processing and 

analysis, or the type of fNIRS system and associated wavelengths (Huang et al., 2017). Future 

research should investigate whether these factors influence the reliability of fNIRS at multiple 

time intervals (e.g., hours, weeks or months) before we can draw more instructive conclusions. 

Implications and Conclusion 

The diagnosis and treatment of psychological disorders stand to benefit from the 

development of cheaper and easier neuroimaging technology. Compared to other neuroimaging 

techniques, fNIRS is cost-effective, makes data collection of large samples more achievable, and 

is favourable in the study of otherwise difficult populations, including infants or patients with 

schizophrenia, owing to the reduced psychological discomfort and flexibility of head movement. 

These notable advantage advocate in favour of fNIRS over other more established techniques for 

the purpose of real-world applications, as it would be a feasible and efficient method of 

biomarker screening and guided treatment of psychological disorders. Nonetheless, our findings 

suggest the larger samples (n = 70-96) required to reduce sources of noise and improve power 

might preclude fNIRS as a sensitive enough instrument for measuring biomarkers. Further 

research is needed to determine the effectiveness and reliability of fNIRS for measuring the 

neural systems involved in emotion processing. 

fNIRS also has a potential treatment application through neurofeedback training. 

Neurofeedback training would enable patients to monitor their own functional activity and use 

real-time feedback to regulate their neural and behavioural performance (Zhang & Roeyers, 

2019). The use of neurofeedback in the treatment of a wide range of psychological conditions 
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has already been well established using EEG (Hurt et al., 2014; Micoulaud-Franchi et al., 2014). 

Several studies have also applied fNIRS in the therapeutic intervention with some promising 

results. One study by Liu et al. (2017) used neurofeedback during a facial recognition task 

among ASD patients and found that those who received real-time feedback of their O2Hb showed 

more behavioural improvement compared to the patients who received sham feedback. Although 

the initial findings are promising, several limitations currently prevent fNIRS from being able to 

compete with EEG in this regard, including the time-consuming haemodynamic response, 

individual difference in O2Hb concentrations, and the lack of standardisation in measuring and 

analysing fNIRS data.  

Overall, the evidence presented in this review provides some support for the capacity of 

fNIRS in detecting O2Hb changes during emotion processing. Although further research is 

needed, the initial findings from this review highlight the lateral PFC as a candidate biomarker 

for emotional experience and regulation. Nonetheless, some studies yielded mixed results, some 

were limited in their design, and some had outcomes that were contingent on other factors, such 

as the valence or intensity of stimuli. Although significant activation was found for all three 

domains, further research is warranted to investigate the discrepant findings reported by some 

studies. Several components of the experimental design were highlighted through our review of 

the literature which might explain the unreliable results, including the valence, intensity and 

modality of the stimuli, the size and representativeness of the recruited sample, and the 

measurement and analysis of the data. Overall, the finding from this review show potential for 

fNIRS to be adopted as a tool for the assessment of emotion processing impairment; however, 

further research is needed to address the conflicting findings between studies and establish a 

more reliable experimental paradigm.  



      175 

References 

Abdullayev, A., Baskak, B., Baskak, N. S., Yağmur, K., Emre, K., ÖZGÜVEN, H. D., . . . 

YENİHAYAT, I. (2018). Prefrontal Cortex Activity During Facial Affect Processing in 

Schizophrenia: Association with Clinical Symptoms and Social Cognitive Functions. 

Turk Psikiyatri Dergisi, 29(4), 229.  

 

Abel, K. M., Allin, M. P. G., Kucharska-Pietura, K., David, A., Andrew, C., Williams, S., . . . 

Phillips, M. L. (2003). Ketamine alters neural processing of facial emotion recognition in 

healthy men: an fMRI study. Neuroreport, 14(3), 387-391. Retrieved from  

 

Aguirre, F., Sergi, M. J., & Levy, C. A. (2008). Emotional intelligence and social functioning in 

persons with schizotypy. Schizophr Res, 104(1), 255-264.  

 

Anderson, M. C., & Green, C. (2001). Suppressing unwanted memories by executive control. 

Nature, 410(6826), 366-369. doi:10.1038/35066572 

 

Anuardi, M. N. A. M., & Yamazaki, A. K. (2019). Effect of emotionally toned Malay language 

sounds on the brain: a NIRS analysis. International Journal on Perceptive and Cognitive 

Computing, 5(1), 1-7.  

 

Arnett, J. J. (2016). The neglected 95%: why American psychology needs to become less 

American. United States: The American Psychologist. 

 

Ateş, F. E., Cangöz, B., Kızıl, E. T. Ö., Baskak, B., Baran, Z., & Özgüven, H. D. (2017). Frontal 

activity during a verbal emotional working memory task in patients with Alzheimer's 

disease: A functional near-infrared spectroscopy study. Psychiatry Research: 

Neuroimaging, 261, 29-34.  

 

Balconi, M., Grippa, E., Vanutelli, M. E. J. B., & cognition. (2015). What hemodynamic 

(fNIRS), electrophysiological (EEG) and autonomic integrated measures can tell us about 

emotional processing. 95, 67-76. Retrieved from 

https://www.sciencedirect.com/science/article/abs/pii/S0278262615000159?via%3Dihub 

 

Balconi, M., & Vanutelli, M. E. (2016). Emotions and BIS/BAS components affect brain activity 

(ERPs and fNIRS) in observing intra-species and inter-species interactions. Brain 

imaging and behavior, 10(3), 750-760. Retrieved from 

https://link.springer.com/content/pdf/10.1007%2Fs11682-015-9443-z.pdf 

 

Balconi, M., Vanutelli, M. E., & Grippa, E. (2017). Resting state and personality component 

(BIS/BAS) predict the brain activity (EEG and fNIRS measure) in response to emotional 

cues. Brain Behav, 7(5), e00686. doi:10.1002/brb3.686 

 

Banks, S. J., Eddy, K. T., Angstadt, M., Nathan, P. J., & Phan, K. L. (2007). Amygdala-frontal 

connectivity during emotion regulation. Soc Cogn Affect Neurosci, 2(4), 303-312. 

doi:10.1093/scan/nsm029 



      176 

 

Barlati, S., Deste, G., De Peri, L., Ariu, C., & Vita, A. (2013). Cognitive remediation in 

schizophrenia: current status and future perspectives. Schizophr Res Treatment, 2013, 

156084. doi:10.1155/2013/156084 

 

Bendall, R. C., Eachus, P., & Thompson, C. (2016). A Brief Review of Research Using Near-

Infrared Spectroscopy to Measure Activation of the Prefrontal Cortex during Emotional 

Processing: The Importance of Experimental Design. Front Hum Neurosci, 10, 529. 

doi:10.3389/fnhum.2016.00529 

 

Biau, D. J., Kernéis, S., & Porcher, R. (2008). Statistics in brief: the importance of sample size in 

the planning and interpretation of medical research. Clinical orthopaedics and related 

research, 466(9), 2282-2288. doi:10.1007/s11999-008-0346-9 

 

Bigliassi, M., Barreto-Silva, V., Altimari, L. R., Vandoni, M., Codrons, E., & Buzzachera, C. F. 

(2015). How motivational and calm music may affect the prefrontal cortex area and 

emotional responses: a functional near-infrared spectroscopy (fNIRS) study. Perceptual 

and motor skills, 120(1), 202-218. Retrieved from 

https://journals.sagepub.com/doi/pdf/10.2466/27.24.PMS.120v12x5 

 

Brugnera, A., Adorni, R., Compare, A., Zarbo, C., & Sakatani, K. (2016). Cortical and autonomic 

patterns of emotion experiencing during a recall task. Journal of Psychophysiology, 32, 

53-63.  

 

Buhle, J. T., Silvers, J. A., Wager, T. D., Lopez, R., Onyemekwu, C., Kober, H., . . . Ochsner, K. 

N. (2014). Cognitive reappraisal of emotion: a meta-analysis of human neuroimaging 

studies. Cereb Cortex, 24(11), 2981-2990. doi:10.1093/cercor/bht154 

 

Button, K. S., Ioannidis, J. P., Mokrysz, C., Nosek, B. A., Flint, J., Robinson, E. S., & Munafò, 

M. R. (2013). Power failure: why small sample size undermines the reliability of 

neuroscience. Nat Rev Neurosci, 14(5), 365-376. doi:10.1038/nrn3475 

 

Chang, L. J., Gianaros, P. J., Manuck, S. B., Krishnan, A., & Wager, T. D. J. P. b. (2015). A 

sensitive and specific neural signature for picture-induced negative affect. 13(6).  

 

Deng, Y., Chang, L., Yang, M., Huo, M., & Zhou, R. (2016). Gender Differences in Emotional 

Response: Inconsistency between Experience and Expressivity. PLOS ONE, 11(6), 

e0158666. doi:10.1371/journal.pone.0158666 

 

Deppermann, S., Vennewald, N., Diemer, J., Sickinger, S., Haeussinger, F. B., Dresler, T., . . . 

Ehlis, A.-C. (2017). Neurobiological and clinical effects of ffNIRS-controlled rTMS in 

patients with panic disorder/agoraphobia during cognitive-behavioural therapy. 

NeuroImage: Clinical, 16, 668-677. Retrieved from 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5650598/pdf/main.pdf 

 



      177 

Di Lorenzo, R., Blasi, A., Junge, C., van den Boomen, C., Rooijen, R., & Kemner, C. (2019). 

Brain responses to faces and facial expressions in 5-month-olds: An ffNIRS study. 

Frontiers in psychology, 10(MAY). doi:10.3389/fpsyg.2019.01240 

 

Dieler, A. C., Plichta, M. M., Dresler, T., & Fallgatter, A. J. J. I. J. o. P. (2010). Suppression of 

emotional words in the Think/No-Think paradigm investigated with functional near-

infrared spectroscopy. 78(2), 129-135. Retrieved from 

https://www.sciencedirect.com/science/article/abs/pii/S0167876010006549?via%3Dihub 

 

Doi, H., Nishitani, S., & Shinohara, K. (2013). fNIRS as a tool for assaying emotional function 

in the prefrontal cortex. Frontiers in Human Neuroscience, 7, 770. 

doi:10.3389/fnhum.2013.00770 

 

Dolcos, F., Iordan, A. D., & Dolcos, S. (2011). Neural correlates of emotion-cognition 

interactions: A review of evidence from brain imaging investigations. Journal of 

Cognitive Psychology, 23(6), 669-694. doi:10.1080/20445911.2011.594433 

 

Dörfel, D., Lamke, J.-P., Hummel, F., Wagner, U., Erk, S., & Walter, H. (2014). Common and 

differential neural networks of emotion regulation by detachment, reinterpretation, 

distraction, and expressive suppression: a comparative fMRI investigation. NeuroImage, 

101, 298-309. 

  

Earls, H. A., Curran, T., & Mittal, V. (2016). Deficits in Early Stages of Face Processing in 

Schizophrenia: A Systematic Review of the P100 Component. Schizophrenia Bulletin, 

42(2), 519-527. doi:10.1093/schbul/sbv096 

 

Egashira, K., Matsuo, K., Nakashima, M., Watanuki, T., Harada, K., Nakano, M., . . . Watanabe, 

Y. (2015). Blunted brain activation in patients with schizophrenia in response to 

emotional cognitive inhibition: a functional near-infrared spectroscopy study. Schizophr 

Res, 162(1-3), 196-204. doi:10.1016/j.schres.2014.12.038 

 

Eippert, F., Veit, R., Weiskopf, N., Erb, M., Birbaumer, N., & Anders, S. (2007). Regulation of 

emotional responses elicited by threat-related stimuli. Hum Brain Mapp, 28(5), 409-423. 

doi:10.1002/hbm.20291 

 

Ernst, L. H., Plichta, M. M., Lutz, E., Zesewitz, A. K., Tupak, S. V., Dresler, T., . . . Fallgatter, A. 

J. J. C. (2013). Prefrontal activation patterns of automatic and regulated approach–

avoidance reactions–a functional near-infrared spectroscopy (ffNIRS) study. Cortex, 

49(1), 131-142. Retrieved from 

https://www.sciencedirect.com/science/article/pii/S0010945211002735?via%3Dihub 

 

Fanti, K. A., Panayiotou, G., Lombardo, M. V., & Kyranides, M. N. (2016). Unemotional on all 

counts: evidence of reduced affective responses in individuals with high callous-

unemotional traits across emotion systems and valences. Soc Neurosci, 11(1), 72-87. 

Retrieved from 

https://www.tandfonline.com/doi/pdf/10.1080/17470919.2015.1034378?needAccess=true 



      178 

 

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G* Power 3: A flexible statistical 

power analysis program for the social, behavioral, and biomedical sciences. Behavior 

Research Methods, 39(2), 175-191.  

 

Fekete, T., Beacher, F. D., Cha, J., Rubin, D., & Mujica-Parodi, L. R. (2014). Small-world 

network properties in prefrontal cortex correlate with predictors of psychopathology risk 

in young children: A fNIRS study. NeuroImage, 85, 345-353. Retrieved from 

http://www.sciencedirect.com/science/article/pii/S1053811913007775 

 

Ferreri, L., Bigand, E., Perrey, S., & Bugaiska, A. (2014). The promise of Near-Infrared 

Spectroscopy (fNIRS) for psychological research: a brief review. L’Année psychologique, 

114(3), 537-569.  

 

Filkowski, M. M., Olsen, R. M., Duda, B., Wanger, T. J., & Sabatinelli, D. (2017). Sex 

differences in emotional perception: Meta analysis of divergent activation. NeuroImage, 

147, 925-933. doi:https://doi.org/10.1016/j.neuroimage.2016.12.016 

 

Fox, S. E., Wagner, J., Shrock, C. L., Flusberg, H. T., & Nelson, C. A. (2013). Neural processing 

of facial identity and emotion in infants at high-risk for autism spectrum disorders. 

Frontiers in Human Neuroscience, 7, 89. Retrieved from 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3620489/pdf/fnhum-07-00089.pdf 

 

Fusar-Poli, P., Placentino, A., Carletti, F., Landi, P., Allen, P., Surguladze, S., . . . Barale, F. 

(2009). Functional atlas of emotional faces processing: a voxel-based meta-analysis of 

105 functional magnetic resonance imaging studies. Journal of psychiatry & 

neuroscience: JPN, 34(6), 418.  

 

Gao, L., Cai, Y., Wang, H., Wang, G., Zhang, Q., & Yan, X. (2019). Probing prefrontal cortex 

hemodynamic alterations during facial emotion recognition for major depression disorder 

through functional near-infrared spectroscopy. Journal of Neural Engineering, 16(2). 

doi:10.1088/1741-2552/ab0093 

 

Gazzaniga, M., & Ivry, R. B. (2013). Cognitive Neuroscience: The Biology of the Mind: Fourth 

International Student Edition. New York, USA: WW Norton. 

 

Gervain, J., Mehler, J., Werker, J. F., Nelson, C. A., Csibra, G., Lloyd-Fox, S., . . . Aslin, R. N. 

(2011). Near-infrared spectroscopy: a report from the McDonnell infant methodology 

consortium. Dev Cogn Neurosci, 1(1), 22-46. doi:10.1016/j.dcn.2010.07.004 

 

Giles, G. E., Eddy, M. D., Brunyé, T. T., Urry, H. L., Graber, H. L., Barbour, R. L., . . . Kanarek, 

R. B. (2018). Endurance exercise enhances emotional valence and emotion regulation. 

Frontiers in Human Neuroscience, 12, 398-411. doi:10.3389/fnhum.2018.00398 

 

Glotzbach, E., Mühlberger, A., Gschwendtner, K., Fallgatter, A. J., Pauli, P., & Herrmann, M. J. 

(2011). Prefrontal brain activation during emotional processing: a functional near infrared 



      179 

spectroscopy study (fNIRS). The open neuroimaging journal, 5, 33. Retrieved from 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3109593/pdf/TONIJ-5-33.pdf 

 

Gobo, G. (2004). Sampling, Representativeness and Generalizability. In C. Seale & S. R. M. 

Core (Eds.), Qualitative research practice (pp. 405-426). London 

Thousand Oaks, Calif: SAGE. 

 

Gopalakrishnan, S., & Ganeshkumar, P. (2013). Systematic Reviews and Meta-analysis: 

Understanding the Best Evidence in Primary Healthcare. J Family Med Prim Care, 2(1), 

9-14. doi:10.4103/2249-4863.109934 

 

Grabell, A. S., Huppert, T. J., Fishburn, F. A., Li, Y., Hlutkowsky, C. O., Jones, H. M., . . . 

Perlman, S. B. (2019). Neural correlates of early deliberate emotion regulation: Young 

children’s responses to interpersonal scaffolding. Developmental Cognitive Neuroscience, 

40, 100708. doi:10.1016/j.dcn.2019.100708 

 

Grabell, A. S., Huppert, T. J., Fishburn, F. A., Li, Y., Jones, H. M., Wilett, A. E., . . . Perlman, S. 

B. (2018). Using facial muscular movements to understand young children's emotion 

regulation and concurrent neural activation. Developmental science, 21(5), e12628.  

 

Grant, N., Lawrence, M., Preti, A., Wykes, T., & Cella, M. (2017). Social cognition interventions 

for people with schizophrenia: a systematic review focussing on methodological quality 

and intervention modality. Clin Psychol Rev, 56, 55-64. doi:10.1016/j.cpr.2017.06.001 

 

Grecucci, A., Giorgetta, C., van't Wout, M., Bonini, N., & Sanfey, A. G. (2012). Reappraising the 

Ultimatum: an fMRI Study of Emotion Regulation and Decision Making. Cerebral 

cortex, 23(2), 399-410. doi:10.1093/cercor/bhs028 

 

Green, M. F., Horan, W. P., & Lee, J. (2015). Social cognition in schizophrenia. Nature reviews. 

Neuroscience, 16(10), 620-631. doi:10.1038/nrn4005 

 

Green, M. F., Olivier, B., Crawley, J. N., Penn, D. L., & Silverstein, S. (2005). Social Cognition 

in Schizophrenia: Recommendations from the Measurement and Treatment Research to 

Improve Cognition in Schizophrenia New Approaches Conference. Schizophrenia 

Bulletin, 31(4), 882-887. doi:10.1093/schbul/sbi049 

 

Greenfield, P. M. (2014). Sociodemographic differences within countries produce variable 

cultural values. Journal of Cross-Cultural Psychology, 45(1), 37-41.  

 

Grill-Spector, K., Knouf, N., & Kanwisher, N. (2004). The fusiform face area subserves face 

perception, not generic within-category identification. Nature neuroscience, 7(5), 555-

562.  

 

Gross, J. J., & Thompson, R. A. (2007). Emotion Regulation: Conceptual Foundations. In 

Handbook of emotion regulation (pp. 3-24). New York, NY, US: Guilford Press. 



      180 

Gruber, T., Debracque, C., Ceravolo, L., Igloi, K., Bosch, B. M., Fruehholz, S., & Grandjean, D. 

(2019). Human discrimination and categorization of emotions in voices: a functional 

Near-Infrared Spectroscopy (fNIRS) study. bioRxiv, 14, 526558.  

 

Gur, R. E., McGrath, C., Chan, R. M., Schroeder, L., Turner, T., Turetsky, B. I., . . . Ragland, J. 

D. (2002). An fMRI study of facial emotion processing in patients with schizophrenia. 

American Journal of Psychiatry, 159(12), 1992-1999.  

 

Habel, U., Chechko, N., Pauly, K., Koch, K., Backes, V., Romanczuk-Seiferth, N., . . . 

Kellermann, T. (2010). Neural correlates of emotion recognition in schizophrenia (Vol. 

122): Schizophrenia research. 

 

Hanel, P. H. P., & Vione, K. C. (2016). Do Student Samples Provide an Accurate Estimate of the 

General Public? PLOS ONE, 11(12), e0168354-e0168354. 

doi:10.1371/journal.pone.0168354 

 

Haxby, J. V., Hoffman, E. A., & Gobbini, M. I. (2002). Human neural systems for face 

recognition and social communication. Biol Psychiatry, 51(1), 59-67.  

 

Heger, D., Herff, C., Putze, F., Mutter, R., & Schultz, T. (2014). Continuous affective states 

recognition using functional near infrared spectroscopy. Brain-Computer Interfaces, 1(2), 

113-125. doi:10.1080/2326263X.2014.912884 

 

Herrmann, M. J., Ehlis, A. C., & Fallgatter, A. J. (2003). Prefrontal activation through task 

requirements of emotional induction measured with NIRS. Biol Psychol, 64(3), 255-263.  

 

Herrmann, M. J., Huter, T., Plichta, M. M., Ehlis, A. C., Alpers, G. W., Mühlberger, A., & 

Fallgatter, A. J. (2008). Enhancement of activity of the primary visual cortex during 

processing of emotional stimuli as measured with event‐related functional near‐infrared 

spectroscopy and event‐related potentials. Hum Brain Mapp, 29(1), 28-35.  

 

Herrmann, M. J., Neueder, D., Troeller, A. K., & Schulz, S. M. (2016). Simultaneous recording 

of EEG and fNIRS during visuo-spatial and facial expression processing in a dual task 

paradigm. International Journal of Psychophysiology, 109, 21-28.  

 

Higgins, E. T., & Bargh, J. A. (1987). Social cognition and social perception. Annu Rev Psychol, 

38(1), 369-425.  

 

Himichi, T., Fujita, H., & Nomura, M. (2015). Negative emotions impact lateral prefrontal cortex 

activation during theory of mind: An fNIRS study. Soc Neurosci, 10(6), 605-615. 

doi:10.1080/17470919.2015.1017112 

 

Hirata, K., Egashira, K., Harada, K., Nakashima, M., Hirotsu, M., Isomura, S., . . . Kaneyuki, H. 

(2018). Differences in frontotemporal dysfunction during social and non-social cognition 

tasks between patients with autism spectrum disorder and schizophrenia. Scientific 

Reports, 8(1), 3014.  



      181 

Holper, L. K. B., Aleksandrowicz, A., Müller, M., Ajdacic-Gross, V., Haker, H., Fallgatter, A. 

J., . . . Rössler, W. (2016). Distribution of Response Time, Cortical, and Cardiac 

Correlates during Emotional Interference in Persons with Subclinical Psychotic 

Symptoms. Frontiers in behavioral neuroscience, 10, 172. doi:10.3389/fnbeh.2016.00172 

 

Honda, M., Tanaka, H., Sakti, S., & Nakamura, S. (2018, 4-7 March 2018). Detecting 

suppression of negative emotion by time series change of cerebral blood flow using 

fNIRS. Paper presented at the 2018 IEEE EMBS International Conference on Biomedical 

& Health Informatics (BHI), Las Vegas, USA. 

 

Hoshi, Y., Huang, J., Kohri, S., Iguchi, Y., Naya, M., Okamoto, T., & Ono, S. (2011a). 

Recognition of human emotions from cerebral blood flow changes in the frontal region: a 

study with event‐related near‐infrared spectroscopy. Journal of Neuroimaging, 21(2), 

e94-e101. Retrieved from https://onlinelibrary.wiley.com/doi/full/10.1111/j.1552-

6569.2009.00454.x 

 

Hoshi, Y., Huang, J., Kohri, S., Iguchi, Y., Naya, M., Okamoto, T., & Ono, S. (2011b). 

Recognition of human emotions from cerebral blood flow changes in the frontal region: a 

study with event‐related near‐infrared spectroscopy. Journal of Neuroimaging, 21(2).  

 

Hosokawa, M., Nakadoi, Y., Watanabe, Y., Sumitani, S., Ohmori, T. J. P., & neurosciences, c. 

(2015). Association of autism tendency and hemodynamic changes in the prefrontal 

cortex during facial expression stimuli measured by multi‐channel near‐infrared 

spectroscopy. 69(3), 145-152. Retrieved from 

https://onlinelibrary.wiley.com/doi/full/10.1111/pcn.12240 

 

Hu, X., Zhuang, C., Wang, F., Liu, Y. J., Im, C. H., & Zhang, D. (2019). fNIRS Evidence for 

Recognizably Different Positive Emotions. Frontiers in Human Neuroscience, 13, 120. 

doi:10.3389/fnhum.2019.00120 

 

Huang, Y., Mao, M., Zhang, Z., Zhou, H., Zhao, Y., Duan, L., . . . Zhu, C. (2017). Test–retest 

reliability of the prefrontal response to affective pictures based on functional near-

infrared spectroscopy. 

 

Hurt, E., Arnold, L. E., Lofthouse, N. J. C., & Clinics, A. P. (2014). Quantitative EEG 

neurofeedback for the treatment of pediatric attention-deficit/hyperactivity disorder, 

autism spectrum disorders, learning disorders, and epilepsy. 23(3), 465-486.  

 

Ichikawa, H., Nakato, E., Kanazawa, S., Shimamura, K., Sakuta, Y., Sakuta, R., . . . Kakigi, R. 

(2014). Hemodynamic response of children with attention-deficit and hyperactive 

disorder (ADHD) to emotional facial expressions. Neuropsychologia, 63, 51-58. 

doi:10.1016/j.neuropsychologia.2014.08.010 

 

Ieong, H. F. H., & Yuan, Z. (2018). Emotion recognition and its relation to prefrontal function 

and network in heroin plus nicotine dependence: A pilot and translational study. 

Biological psychiatry, 83(9), S449-S450.  



      182 

Irani, F., Platek, S. M., Bunce, S., Ruocco, A. C., & Chute, D. (2007). Functional near infrared 

spectroscopy (fNIRS): an emerging neuroimaging technology with important applications 

for the study of brain disorders. The Clinical Neuropsychologist, 21(1), 9-37.  

 

Isaacowitz, D. M., Livingstone, K. M., & Castro, V. L. (2017). Aging and emotions: experience, 

regulation, and perception. Current opinion in psychology, 17, 79-83. 

doi:10.1016/j.copsyc.2017.06.013 

 

Jehna, M., Neuper, C., Ischebeck, A., Loitfelder, M., Ropele, S., Langkammer, C., . . . Enzinger, 

C. (2011). The functional correlates of face perception and recognition of emotional 

facial expressions as evidenced by fMRI. Brain research, 1393, 73-83. 

doi:https://doi.org/10.1016/j.brainres.2011.04.007 

 

Kable, J. A., Coles, C. D., & Cifasd. (2017). Prefrontal cortical responses in children with 

prenatal alcohol-related neurodevelopmental impairment: A functional near-infrared 

spectroscopy study. Clinical Neurophysiology, 128(11), 2099-2109.  

 

Kalisch, R., Wiech, K., Critchley, H. D., Seymour, B., O'Doherty, J. P., Oakley, D. A., . . . Dolan, 

R. J. (2005). Anxiety reduction through detachment: subjective, physiological, and neural 

effects. J Cogn Neurosci, 17(6), 874-883. doi:10.1162/0898929054021184 

 

Kesler-West, M. L., Andersen, A. H., Smith, C. D., Avison, M. J., Davis, C. E., Kryscio, R. J., & 

Blonder, L. X. (2001). Neural substrates of facial emotion processing using fMRI. 

Cognitive Brain Research, 11(2), 213-226. doi:https://doi.org/10.1016/S0926-

6410(00)00073-2 

 

Kida, T., Nishitani, S., Tanaka, M., Takamura, T., Sugawara, M., & Shinohara, K. (2014). I love 

my grandkid! An NIRS study of grandmaternal love in Japan. Brain research, 1542, 131-

137.  

 

Kober, H., Barrett, L. F., Joseph, J., Bliss-Moreau, E., Lindquist, K., & Wager, T. D. (2008). 

Functional grouping and cortical-subcortical interactions in emotion: a meta-analysis of 

neuroimaging studies. NeuroImage, 42(2), 998-1031. 

doi:10.1016/j.neuroimage.2008.03.059 

 

Köchel, A., Plichta, M. M., Schäfer, A., Leutgeb, V., Scharmüller, W., Fallgatter, A. J., & 

Schienle, A. (2011). Affective perception and imagery: A NIRS study. International 

Journal of Psychophysiology, 80(3), 192-197. 

doi:https://doi.org/10.1016/j.ijpsycho.2011.03.006 

 

Kochel, A., Schongassner, F., Feierl-Gsodam, S., & Schienle, A. (2015). Processing of affective 

prosody in boys suffering from attention deficit hyperactivity disorder: A near-infrared 

spectroscopy study. Soc Neurosci, 10(6), 583-591. doi:10.1080/17470919.2015.1017111 

 

Köchel, A., Schöngassner, F., & Schienle, A. J. N. L. (2013). Cortical activation during auditory 

elicitation of fear and disgust: a near-infrared spectroscopy (NIRS) study. 549, 197-200.  



      183 

Kohn, N., Eickhoff, S. B., Scheller, M., Laird, A. R., Fox, P. T., & Habel, U. (2014). Neural 

network of cognitive emotion regulation--an ALE meta-analysis and MACM analysis. 

NeuroImage, 87, 345-355. doi:10.1016/j.neuroimage.2013.11.001 

 

Kondo, A., Shoji, Y., Morita, K., Sato, M., Ishii, Y., Yanagimoto, H., . . . Uchimura, N. (2018). 

Characteristics of oxygenated hemoglobin concentration change during pleasant and 

unpleasant image‐recall tasks in patients with depression: Comparison with healthy 

subjects. Psychiatry Clin Neurosci, 72(8), 611-622. Retrieved from 

https://onlinelibrary.wiley.com/doi/full/10.1111/pcn.12684 

 

Kragel, P. A., & LaBar, K. S. J. T. i. c. s. (2016). Decoding the nature of emotion in the brain. 

20(6), 444-455.  

 

Kreplin, U., & Fairclough, S. H. (2013). Activation of the rostromedial prefrontal cortex during 

the experience of positive emotion in the context of esthetic experience. An fNIRS study. 

Frontiers in Human Neuroscience, 7, 879. doi:10.3389/fnhum.2013.00879 

 

Kreplin, U., & Fairclough, S. H. (2015). Effects of self-directed and other-directed introspection 

and emotional valence on activation of the rostral prefrontal cortex during aesthetic 

experience. Neuropsychologia, 71, 38-45.  

 

Krol, K. M., Namaky, N., & Grossmann, T. (2019). O3. Genetic Variation in the Oxytocin 

System Impacts Infants’ Prefrontal Brain Asymmetry Responses to Emotional Faces. 

Biological psychiatry, 85(10), S106-S106. doi:10.1016/j.biopsych.2019.03.268 

 

Krol, K. M., Puglia, M. H., Morris, J. P., Connelly, J. J., & Grossmann, T. (2019). Epigenetic 

modification of the oxytocin receptor gene is associated with emotion processing in the 

infant brain. Developmental Cognitive Neuroscience, 37. doi:10.1016/j.dcn.2019.100648 

 

Lee, J., Jimenez, A. M., Horan, W. P., & Green, M. F. (2019). fMRI biomarkers of social 

cognitive skills training in psychosis: Extrinsic and intrinsic functional connectivity. 

PLOS ONE, 14(5), e0214303. doi:10.1371/journal.pone.0214303 

 

León-Carrión, J., Martín-Rodríguez, J. F., Damas-López, J., Pourrezai, K., Izzetoglu, K., Barroso 

y Martin, J. M., & Domínguez-Morales, M. R. (2007). A lasting post-stimulus activation 

on dorsolateral prefrontal cortex is produced when processing valence and arousal in 

visual affective stimuli. Neuroscience Letters, 422(3), 147-152. 

doi:10.1016/j.neulet.2007.04.087 

 

Lévesque, J., Eugène, F., Joanette, Y., Paquette, V., Mensour, B., Beaudoin, G., . . . Beauregard, 

M. (2003). Neural circuitry underlying voluntary suppression of sadness. Biol Psychiatry, 

53(6), 502-510. doi:10.1016/s0006-3223(02)01817-6 

 

Li, H., Chan, R. C. K., McAlonan, G. M., & Gong, Q.-y. (2010). Facial Emotion Processing in 

Schizophrenia: A Meta-analysis of Functional Neuroimaging Data. Schizophrenia 

Bulletin, 36(5), 1029-1039. doi:10.1093/schbul/sbn190 



      184 

 

Lindquist, K. A., Satpute, A. B., Wager, T. D., Weber, J., & Barrett, L. F. (2016). The Brain Basis 

of Positive and Negative Affect: Evidence from a Meta-Analysis of the Human 

Neuroimaging Literature. Cereb Cortex, 26(5), 1910-1922. doi:10.1093/cercor/bhv001 

 

Liu, N., Cliffer, S., Pradhan, A. H., Lightbody, A., Hall, S. S., & Reiss, A. L. (2017). Optical-

imaging-based neurofeedback to enhance therapeutic intervention in adolescents with 

autism: methodology and initial data. Neurophotonics, 4(1), 011003. 

doi:10.1117/1.NPh.4.1.011003 

 

Lu, Y., Wu, W., Mei, G., Zhao, S., Zhou, H., Li, D., & Pan, D. (2019). Surface acting or deep 

acting, who need more effortful? A study on emotional labor using functional near-

infrared spectroscopy. Frontiers in Human Neuroscience, 13, 151-162. 

doi:10.3389/fnhum.2019.00151 

 

Lucas, I., Balada, F., Blanco, E., & Aluja, A. (2019). Prefrontal cortex activity triggered by 

affective faces exposure and its relationship with neuroticism. Neuropsychologia, 132, 

107146.  

 

Mak, A. K. Y., Hu, Z.-g., Zhang, J. X., Xiao, Z.-w., & Lee, T. M. C. (2009). Neural correlates of 

regulation of positive and negative emotions: An fMRI study. Neuroscience Letters, 

457(2), 101-106. doi:https://doi.org/10.1016/j.neulet.2009.03.094 

 

Manelis, A., Huppert, T. J., Rodgers, E., Swartz, H. A., & Phillips, M. L. J. J. o. a. d. (2019). The 

role of the right prefrontal cortex in recognition of facial emotional expressions in 

depressed individuals: fNIRS study. 258, 151-158. Retrieved from 

https://www.sciencedirect.com/science/article/abs/pii/S016503271930062X?via%3Dihub 

 

Maria, A., Shekhar, S., Nissila, I., Kotilahti, K., Huotilainen, M., Karlsson, L., . . . Tuulari, J. J. 

(2018). Emotional Processing in the First 2 Years of Life: A Review of Near-Infrared 

Spectroscopy Studies. J Neuroimaging, 28(5), 441-454. doi:10.1111/jon.12529 

 

Marumo, K., Takizawa, R., Kawakubo, Y., Onitsuka, T., & Kasai, K. (2009). Gender difference 

in right lateral prefrontal hemodynamic response while viewing fearful faces: a multi-

channel near-infrared spectroscopy study. Neurosci Res, 63(2), 89-94.  

 

Matsubara, T., Matsuo, K., Nakashima, M., Nakano, M., Harada, K., Watanuki, T., . . . Watanabe, 

Y. (2014). Prefrontal activation in response to emotional words in patients with bipolar 

disorder and major depressive disorder. NeuroImage, 85 Pt 1, 489-497. 

doi:10.1016/j.neuroimage.2013.04.098 

 

Matsukawa, K., Endo, K., Asahara, R., Yoshikawa, M., Kusunoki, S., & Ishida, T. (2017). 

Prefrontal oxygenation correlates to the responses in facial skin blood flows during 

exposure to pleasantly charged movie. Physiological reports, 5(21), e13488. Retrieved 

from https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5688780/pdf/PHY2-5-e13488.pdf 



      185 

Matsuo, K., Kato, T., Taneichi, K., Matsumoto, A., Ohtani, T., Hamamoto, T., . . . Kato, N. 

(2003). Activation of the prefrontal cortex to trauma-related stimuli measured by near-

infrared spectroscopy in posttraumatic stress disorder due to terrorism. Psychophysiology, 

40(4), 492-500. Retrieved from https://onlinelibrary-wiley-

com.libraryproxy.griffith.edu.au/doi/pdf/10.1111/1469-8986.00051 

 

Mayer, J. D., Salovey, P., & Caruso, D. R. (2000). Models of emotional intelligence. New York, 

USA Cambridge University Press. 

 

Mayer, J. D., Salovey, P., Caruso, D. R., & Sitarenios, G. (2001). Emotional intelligence as a 

standard intelligence.  

 

Micoulaud-Franchi, J.-A., Geoffroy, P. A., Fond, G., Lopez, R., Bioulac, S., & Philip, P. J. F. i. h. 

n. (2014). EEG neurofeedback treatments in children with ADHD: an updated meta-

analysis of randomized controlled trials. 8, 906.  

 

Minagawa-Kawai, Y., Matsuoka, S., Dan, I., Naoi, N., Nakamura, K., & Kojima, S. (2008). 

Prefrontal activation associated with social attachment: facial-emotion recognition in 

mothers and infants. Cerebral cortex, 19(2), 284-292.  

 

Moghimi, S., Kushki, A., Guerguerian, A. M., & Chau, T. (2012). Characterizing emotional 

response to music in the prefrontal cortex using near infrared spectroscopy. Neuroscience 

Letters, 525(1), 7-11.  

 

Morinaga, K., Akiyoshi, J., Matsushita, H., Ichioka, S., Tanaka, Y., Tsuru, J., & Hanada, H. 

(2007). Anticipatory anxiety-induced changes in human lateral prefrontal cortex activity. 

Biol Psychol, 74(1), 34-38. doi:10.1016/j.biopsycho.2006.06.005 

 

Nakadoi, Y., Sumitani, S., Watanabe, Y., Akiyama, M., Yamashita, N., & Ohmori, T. (2012). 

Multi-channel near-infrared spectroscopy shows reduced activation in the prefrontal 

cortex during facial expression processing in pervasive developmental disorder. 

Psychiatry Clin Neurosci, 66(1), 26-33. doi:10.1111/j.1440-1819.2011.02290.x 

 

Nakata, R., Kubo‐Kawai, N., Okanoya, K., & Kawai, N. (2018). Repeated Stops for a Red Light 

Induced a Left‐Superior Asymmetrical Brain Activity in the Near‐Infrared Spectroscopy 

Reflecting Approach Motivation of Anger in Elderly Adults but not in Younger Adults. 

Japanese Psychological Research, 60(4), 327-336.  

 

Nakato, E., Otsuka, Y., Kanazawa, S., Yamaguchi, M. K., & Kakigi, R. (2011). Distinct 

differences in the pattern of hemodynamic response to happy and angry facial 

expressions in infants — A near-infrared spectroscopic study. NeuroImage, 54(2), 1600-

1606. doi:10.1016/j.neuroimage.2010.09.021 

 

National Institute of Health. (2004). The Quality Assessment Tool for Observational Cohort and 

Cross-Sectional Studies. Retrieved from https://www.nhlbi.nih.gov/health-topics/study-

quality-assessment-tools 



      186 

Nishikawa, S., Toshima, T., & Kobayashi, M. (2015). Perceived parenting mediates serotonin 

transporter gene (5-HTTLPR) and neural system function during facial recognition: A 

pilot study. PLOS ONE, 10(9), e0134685. doi:10.1371/journal.pone.0134685 

 

Nishitani, S., Doi, H., Koyama, A., & Shinohara, K. J. N. r. (2011). Differential prefrontal 

response to infant facial emotions in mothers compared with non-mothers. 70(2), 183-

188. Retrieved from 

https://www.sciencedirect.com/science/article/pii/S0168010211000496?via%3Dihub 

 

Nishitani, S., & Shinohara, K. (2013). NIRS as a tool for assaying emotional function in the 

prefrontal cortex. Frontiers in Human Neuroscience, 7, 770.  

 

Nord, C. L., Gray, A., Charpentier, C. J., Robinson, O. J., & Roiser, J. P. (2017). Unreliability of 

putative fMRI biomarkers during emotional face processing. NeuroImage, 156, 119-127. 

doi:https://doi.org/10.1016/j.neuroimage.2017.05.024 

 

Nord, C. L., Gray, A., Robinson, O. J., & Roiser, J. P. (2019). Reliability of Fronto-Amygdala 

Coupling during Emotional Face Processing. Brain sciences, 9(4), 89. 

doi:10.3390/brainsci9040089 

 

O'Connor, D., Green, S., & Higgins, J. P. (2008). Defining the Review Question and Developing 

Criteria for Including Studies. In Cochrane Handbook for Systematic Reviews of 

Interventions (pp. 81-94). New Jersey, USA: Wiley. 

 

O’Doherty, J., Winston, J., Critchley, H., Perrett, D., Burt, D. M., & Dolan, R. J. (2003). Beauty 

in a smile: the role of medial orbitofrontal cortex in facial attractiveness. 

Neuropsychologia, 41(2), 147-155.  

 

Ochsner, K. N., Bunge, S. A., Gross, J. J., & Gabrieli, J. D. (2002). Rethinking feelings: an 

FMRI study of the cognitive regulation of emotion. Journal of cognitive Neuroscience, 

14(8), 1215-1229.  

 

Ohtani, T., Matsuo, K., Kasai, K., Kato, T., & Kato, N. (2005). Hemodynamic response to 

emotional memory recall with eye movement. Neurosci Lett, 380(1-2), 75-79. 

doi:10.1016/j.neulet.2005.01.020 

 

Ozawa, S., Kanayama, N., & Hiraki, K. (2019). Emotion-related cerebral blood flow changes in 

the ventral medial prefrontal cortex: An NIRS study. Brain and cognition, 134, 21-28. 

doi:10.1016/j.bandc.2019.05.001 

 

Ozawa, S., Matsuda, G., & Hiraki, K. (2014). Negative emotion modulates prefrontal cortex 

activity during a working memory task: a NIRS study. Front Hum Neurosci, 8, 46. 

doi:10.3389/fnhum.2014.00046 

 



      187 

Parker, L. A., Saez, N. G., Porta, M., Hernandez-Aguado, I., & Lumbreras, B. (2013). The 

impact of including different study designs in meta-analyses of diagnostic accuracy 

studies. Eur J Epidemiol, 28(9), 713-720. doi:10.1007/s10654-012-9756-9 

 

Parkins, R. (2012). Gender and emotional expressiveness: An analysis of prosodic features in 

emotional expression: Griffith University. 

 

Perlman, S. B., Luna, B., Hein, T. C., & Huppert, T. J. (2014). fNIRS evidence of prefrontal 

regulation of frustration in early childhood. NeuroImage, 85(1), 326-334. 

doi:10.1016/j.neuroimage.2013.04.057 

 

Phan, K. L., Fitzgerald, D. A., Nathan, P. J., Moore, G. J., Uhde, T. W., & Tancer, M. E. (2005). 

Neural substrates for voluntary suppression of negative affect: a functional magnetic 

resonance imaging study. Biol Psychiatry, 57(3), 210-219. 

doi:10.1016/j.biopsych.2004.10.030 

 

Phan, K. L., Wager, T., Taylor, S. F., & Liberzon, I. (2002). Functional neuroanatomy of emotion: 

a meta-analysis of emotion activation studies in PET and fMRI. NeuroImage, 16(2), 331-

348.  

 

Phillips, L. K., & Seidman, L. J. (2008). Emotion Processing in Persons at Risk for 

Schizophrenia. Schizophrenia Bulletin, 34(5), 888-903. doi:10.1093/schbul/sbn085 

 

Picó-Pérez, M., Radua, J., Steward, T., Menchón, J. M., & Soriano-Mas, C. (2017). Emotion 

regulation in mood and anxiety disorders: A meta-analysis of fMRI cognitive reappraisal 

studies. Progress in Neuro-Psychopharmacology and Biological Psychiatry, 79, 96-104. 

doi:https://doi.org/10.1016/j.pnpbp.2017.06.001 

 

Piper, W. T., Saslow, L. R., & Saturn, S. R. (2015). Autonomic and prefrontal events during 

moral elevation. Biol Psychol, 108, 51-55.  

 

Plichta, M. M., Gerdes, A. B., Alpers, G. W., Harnisch, W., Brill, S., Wieser, M. J., & Fallgatter, 

A. J. (2011). Auditory cortex activation is modulated by emotion: a functional near-

infrared spectroscopy (fNIRS) study. NeuroImage, 55(3), 1200-1207. Retrieved from 

http://www.sciencedirect.com/science/article/pii/S1053811911000292 

 

Plichta, M. M., Schwarz, A. J., Grimm, O., Morgen, K., Mier, D., Haddad, L., . . . Meyer-

Lindenberg, A. (2012). Test-retest reliability of evoked BOLD signals from a cognitive-

emotive fMRI test battery. NeuroImage, 60(3), 1746-1758. 

doi:10.1016/j.neuroimage.2012.01.129 

 

Ravicz, M. M., Perdue, K. L., Westerlund, A., Vanderwert, R. E., & Nelson, C. A. J. F. i. p. 

(2015). Infants’ neural responses to facial emotion in the prefrontal cortex are correlated 

with temperament: a functional near-infrared spectroscopy study. 6, 922. Retrieved from 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4507046/pdf/fpsyg-06-00922.pdf 



      188 

Rodrigo, A. H., Ayaz, H., & Ruocco, A. C. (2016). Examining the neural correlates of incidental 

facial emotion encoding within the prefrontal cortex using functional near-infrared 

spectroscopy. Paper presented at the International Conference on Augmented Cognition, 

Switzerland  

 

Roos, A., Robertson, F., Lochner, C., Vythilingum, B., & Stein, D. J. J. B. b. r. (2011). Altered 

prefrontal cortical function during processing of fear-relevant stimuli in pregnancy. 

222(1), 200-205. Retrieved from 

https://www.sciencedirect.com/science/article/pii/S0166432811002580?via%3Dihub 

 

Ruiz, S., Birbaumer, N., & Sitaram, R. (2013). Abnormal Neural Connectivity in Schizophrenia 

and fMRI-Brain-Computer Interface as a Potential Therapeutic Approach. Frontiers in 

Psychiatry, 4, 17. doi:10.3389/fpsyt.2013.00017 

 

Ruocco, A. C., Medaglia, J. D., Ayaz, H., & Chute, D. L. J. P. R. N. (2010). Abnormal prefrontal 

cortical response during affective processing in borderline personality disorder. 182(2), 

117-122.  

 

Sabatinelli, D., Fortune, E. E., Li, Q., Siddiqui, A., Krafft, C., Oliver, W. T., . . . Jeffries, J. 

(2011). Emotional perception: meta-analyses of face and natural scene processing. 

NeuroImage, 54(3), 2524-2533. doi:10.1016/j.neuroimage.2010.10.011 

 

Salovey, P. E., & Sluyter, D. J. (1997). Emotional development and emotional intelligence: 

Educational implications: Basic Books. 

 

Schneider, S., Christensen, A., Häußinger, F. B., Fallgatter, A. J., Giese, M. A., & Ehlis, A.-C. J. 

N. (2014). Show me how you walk and I tell you how you feel—a functional near-

infrared spectroscopy study on emotion perception based on human gait. 85, 380-390. 

Retrieved from 

https://www.sciencedirect.com/science/article/abs/pii/S1053811913008471?via%3Dihub 

 

Suda, M., Takei, Y., Aoyama, Y., Narita, K., Sato, T., Fukuda, M., & Mikuni, M. (2010). 

Frontopolar activation during face-to-face conversation: an in situ study using near-

infrared spectroscopy. Neuropsychologia, 48(2), 441-447. Retrieved from 

http://www.sciencedirect.com/science/article/pii/S0028393209003923 

 

Townsend, J., & Altshuler, L. L. J. B. d. (2012). Emotion processing and regulation in bipolar 

disorder: a review. 14(4), 326-339.  

 

Tupak, S. V., Dresler, T., Guhn, A., Ehlis, A. C., Fallgatter, A. J., Pauli, P., & Herrmann, M. J. 

(2014). Implicit emotion regulation in the presence of threat: neural and autonomic 

correlates. NeuroImage, 85 Pt 1, 372-379. doi:10.1016/j.neuroimage.2013.09.066 

 

Vanutelli, M. E., & Balconi, M. (2015). Perceiving emotions in human-human and human-

animal interactions: Hemodynamic prefrontal activity (fNIRS) and empathic concern. 

Neuroscience Letters, 605, 1-6. doi:10.1016/j.neulet.2015.07.020 



      189 

 

Vuilleumier, P., & Pourtois, G. (2007). Distributed and interactive brain mechanisms during 

emotion face perception: evidence from functional neuroimaging. Neuropsychologia, 

45(1), 174-194. doi:10.1016/j.neuropsychologia.2006.06.003 

 

Wabnegger, A., Ille, R., Schwingenschuh, P., Katschnig-Winter, P., Kögl-Wallner, M., Wenzel, 

K., & Schienle, A. (2015). Facial Emotion Recognition in Parkinson's Disease: An fMRI 

Investigation. PLOS ONE, 10(8), e0136110. doi:10.1371/journal.pone.0136110 

 

Wacker, J., Dillon, D. G., & Pizzagalli, D. A. (2009). The role of the nucleus accumbens and 

rostral anterior cingulate cortex in anhedonia: integration of resting EEG, fMRI, and 

volumetric techniques. NeuroImage, 46(1), 327-337. 

doi:10.1016/j.neuroimage.2009.01.058 

 

Wang, F., Mao, M., Duan, L., Huang, Y., Li, Z., & Zhu, C. (2018). Intersession Instability in 

fNIRS-Based Emotion Recognition. IEEE Transactions on Neural Systems and 

Rehabilitation Engineering, 26(7), 1324-1333. doi:10.1109/TNSRE.2018.2842464 

 

Wang, M.-Y., Lu, F.-M., Hu, Z., Zhang, J., & Yuan, Z. (2018). Optical mapping of prefrontal 

brain connectivity and activation during emotion anticipation. Behavioural brain 

research, 350, 122-128.  

 

Watanabe, Y., Hosokawa, M., Sumitati, S., Yamamoto, M., Fukuda, S. T., & Ohmori, T. (2011). 

Prefrontal activation during emotional experience as measured by NIRS. 徳島大学総合
科学部人間科学研究, 19, 49-57.  

 

Watanuki, T., Matsuo, K., Egashira, K., Nakashima, M., Harada, K., Nakano, M., . . . Watanabe, 

Y. (2016). Precentral and inferior prefrontal hypoactivation during facial emotion 

recognition in patients with schizophrenia: A functional near-infrared spectroscopy study. 

Schizophr Res, 170(1), 109-114. doi:10.1016/j.schres.2015.11.012 

 

Wei, C., Han, J., Zhang, Y., Hannak, W., Dai, Y., & Liu, Z. (2017). Affective emotion increases 

heart rate variability and activates left dorsolateral prefrontal cortex in post-traumatic 

growth. Scientific Reports, 7(1), 16667. doi:10.1038/s41598-017-16890-5 

 

Whittle, S., Yücel, M., Yap, M. B., & Allen, N. B. (2011). Sex differences in the neural correlates 

of emotion: evidence from neuroimaging. Biol Psychol, 87(3), 319-333.  

 

Winecoff, A., Labar, K. S., Madden, D. J., Cabeza, R., & Huettel, S. A. (2011). Cognitive and 

neural contributors to emotion regulation in aging. Soc Cogn Affect Neurosci, 6(2), 165-

176. doi:10.1093/scan/nsq030 

 

Wolf, R. C., Philippi, C. L., Motzkin, J. C., Baskaya, M. K., & Koenigs, M. (2014). Ventromedial 

prefrontal cortex mediates visual attention during facial emotion recognition. Brain, 

137(Pt 6), 1772-1780. doi:10.1093/brain/awu063 

 



      190 

Woo, C.-W., & Wager, T. D. J. P. (2015). Neuroimaging-based biomarker discovery and 

validation. 156(8), 1379.  

 

Yang, H., Zhou, Z., Liu, Y., Ruan, Z., Gong, H., Luo, Q., & Lu, Z. (2007). Gender difference in 

hemodynamic responses of prefrontal area to emotional stress by near-infrared 

spectroscopy. Behavioural brain research, 178(1), 172-176.  

 

Yang, M., Yang, Z., Yuan, T., Feng, W., & Wang, P. (2019). A Systemic Review of Functional 

Near-Infrared Spectroscopy for Stroke: Current Application and Future Directions. 

10(58). doi:10.3389/fneur.2019.00058 

 

Yu, J., Ang, K. K., Ho, S. H., Sia, A., & Ho, R. (2017, 11-15 July 2017). Prefrontal cortical 

activation while viewing urban and garden scenes: A pilot fNIRS study. Paper presented 

at the 2017 39th Annual International Conference of the IEEE Engineering in Medicine 

and Biology Society (EMBC). 

 

Zhang, D., Chen, Y., Hou, X., & Wu, Y. J. (2019). Near‐infrared spectroscopy reveals neural 

perception of vocal emotions in human neonates. 40(8), 2434-2448. Retrieved from 

https://onlinelibrary.wiley.com/doi/abs/10.1002/hbm.24534 

 

Zhang, D., Zhou, Y., Hou, X., Cui, Y., & Zhou, C. (2017). Discrimination of emotional prosodies 

in human neonates: A pilot fNIRS study. Neuroscience Letters, 658, 62-66.  

 

Zhang, D., Zhou, Y., & Yuan, J. (2018). Speech prosodies of different emotional categories 

activate different brain regions in adult cortex: an fNIRS study. Scientific Reports, 8(1), 

218. Retrieved from 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5760650/pdf/41598_2017_Article_1868

3.pdf 

 

Zhang, F., & Roeyers, H. (2019). Exploring brain functions in autism spectrum disorder: A 

systematic review on functional near-infrared spectroscopy (fNIRS) studies. International 

Journal of Psychophysiology, 137, 41-53. 

doi:https://doi.org/10.1016/j.ijpsycho.2019.01.003 

 

Zhao, C., Chronaki, G., Schiessl, I., Wan, M. W., & Abel, K. M. (2019). Is infant neural 

sensitivity to vocal emotion associated with mother-infant relational experience? PLOS 

ONE, 14(2), e0212205. doi:10.1371/journal.pone.0212205 

 

Zwaigenbaum, L., Bauman, M. L., Choueiri, R., Fein, D., Kasari, C., Pierce, K., . . . Hansen, R. 

L. J. P. (2015). Early identification and interventions for autism spectrum disorder: 

executive summary. 136(Supplement 1), S1-S9.  

 

  



      191 

Chapter 6: A Pilot Investigation of fNIRS to Measure Prefrontal Activation During 

Emotion Processing Tasks 

There has been a pronounced increase in the number of studies that have employed 

functional Near-infrared Spectroscopy (fNIRS) to measure neural activation during emotion 

processing over the past couple of decades (Westgarth et al., 2021). The interest in fNIRS stems 

from several advantages it has over other neuroimaging techniques, including that it facilitates 

the collection of data from larger sample sizes, reduces discomfort on the participants, is more 

cost-effective, and has greater ecological validity (Fekete et al., 2014; Suda et al., 2010). 

Nonetheless, studies using fNIRS to examine emotion processing have revealed mixed findings 

(Bendall et al., 2016; Westgarth et al., 2021). For example, some publications have reported 

increased activity in PFC during the recognition of emotional facial expressions (Egashira et al., 

2015; Nishikawa et al., 2015; Roos et al., 2011; Schneider et al., 2014), some have reported 

decreased activity (Gruber et al., 2019; Hirata et al., 2018; Ieong & Yuan, 2018; Manelis et al., 

2019; Ravicz et al., 2015), and some studies have reported no change in O2Hb (Ateş et al., 2017; 

Herrmann et al., 2016). Heterogeneities in experimental designs, participants, stimulus materials, 

and approaches to data analysis have been suggested as likely causes for the discrepant findings 

(Bendall et al., 2016; Westgarth et al., 2021). 

Despite the utility of fNIRS for investigating emotion processing, considerable variability 

exists in the experimental designs and analysis techniques used by different researchers (Robert 

et al., 2021). Such variability can make it difficult to interpret data sets or to replicate and 

compare findings across studies. There are two types of experimental designs commonly 

employed by fNIRS researchers: block designs and event-related designs. Researcher must 

consider a range of factors when selecting an experimental design, including the statistical power 
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of the protocol, the duration of the experiment, and whether the design provides the flexibility to 

study the effect of interest (Mechelli et al., 2003; Penny et al., 2011). For example, if a researcher 

wanted to examine the response to an individual word in an ongoing sentence, an event-related 

design would be necessary. On the other hand, a block design would be more appropriate if the 

experimental goal was to detect subtle differences in brain activity between test conditions (Chee 

et al., 2003). 

Block-based experimental designs present a stimulus continuously for an interval of time 

(e.g., 10 s), followed by an inter-stimulus rest interval (e.g., crosshair on a blank screen) of 

sufficient duration for the hemodynamic response to return to an approximate basal level (Amaro 

et al., 2006). Compared to other fNIRS paradigms, block designs have the highest signal-to-

noise, statistical power, and time efficiency (Gervain et al., 2011; Robert et al., 2021). Although 

block designs are common in fNIRS research, no consensus currently exists as to the most 

appropriate analysis procedures for this type of experimental design. Furthermore, new 

algorithms and procedures are regularly published without cross-validation or theoretical 

consideration (Robert et al., 2021; Ye et al., 2009). 

It is important to understand the effects of different analysis choices and to optimise the 

signal-processing procedure when developing an experimental protocol for fNIRS (Robert et al., 

2021). It is also prudent to optimise an analysis pipeline using different data from which 

scientific conclusions will be drawn (Gramfort et al., 2013). Therefore, in preparation for a larger 

study, the goal of this pilot investigation was to test and refine the block-based experimental 

protocols for two emotion processing tasks to reliably measure prefrontal activation using 

fNIRS. As the signals measured by fNIRS are metabolic, they are indirect and slow correlates of 

neural activity. Peak response latencies can take several seconds, with a lengthy plateau and 
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return to baseline (Gervain et al., 2010). Therefore, the duration of a block must be considered to 

ensure sufficient time for a haemodynamic response, without allowing for uncontrolled neural 

activity from “mind wandering” (Durantin et al., 2015). The current study employs a range of 

block lengths to ascertain a suitable protocol for detecting prefrontal activation during emotion 

processing using fNIRS. As this was an exploratory study, no hypotheses were made. 

Methods 

Participants  

Sixty young adults were recruited by advertisement flyers and social media postings for 

participation in three pilot investigations (n = 20 for each pilot study). All participants were 

native English speakers between 18 and 32 years of age, with an estimated IQ above 85 (as 

assessed with the Wechsler Abbreviated Scale of Intelligence – version 2 [WASI-II]). Pilot 1 

consisted of 11 females (55%) and 9 males (45%), with a mean of 14 years completed education 

(SD = 1.62). Estimated IQ scores ranged from 90-113 with a mean of 107.1 (SD = 9.51). Pilot 2 

consisted of 14 females (70%) and 6 males (30%), with a mean of 13 years completed education 

(SD = 1.15). Estimated IQ scores ranged from 92-112 with a mean of 106.3 (SD = 9.69). Pilot 3 

consisted of 10 females (50%) and 10 males (50%), with a mean of 13 years completed 

education (SD = 1.62). Estimated IQ scores ranged from 94-121 with a mean of 109.7 (SD = 

12.59). Ethical approval to conduct the pilot studies was granted (Reference number: 2018/421) 

and written informed consent was acquired from all participants. 

Measures 

Self-report Questionnaire. A self-report questionnaire was designed to collect 

information about the participants’ age, gender, handedness, prior training in emotion processing, 

and family history of psychological and neurological disorders (see Appendix K).  
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Ekman 60-Faces: Megamix Version (EK60F). The EK-60F is one of the most widely 

used and extensively validated neuropsychological tools for assessing emotion recognition of 

facial expressions. It uses a range of photographs from Ekman and Friesen’s (1976) Pictures of 

Facial Affect (PoFA) series to test recognition of six core emotions: anger, disgust, happiness, 

sadness, surprise and fear. The Megamix version uses computerised morphing to develop a series 

of images which share the characteristics of two different emotional expressions. The stimuli 

depicted pairwise continua between neutral and all six emotional expressions in 20% intervals 

(i.e., 10%, 30%, 50%, 70% and 90%), whereby the percentages indicated the degree of 

expression emotionality. Each emotion contains 10 corresponding photographs equally 

distributed among male and female models. A maximum score of 60 can be derived by summing 

the correct responses across the 60 trials. 

The EK-60F test has been psychometrically evaluated and found to be a valid and reliable 

tool, independent of age, gender, and intelligence. Split-half reliabilities have been found to be 

statistically significant for total scores (r = 0.62, p < .001) and across all six emotions, ranging 

from (r = 0.6 to 0.7, p < .001). The validity of the EK-60 has been well established with strong 

correlations between the EK-60F and Ekman and Friesen’s (1976) PoFA (r = 0.81, p < 0.001), 

the most extensively used set of stimuli in facial affect recognition research. Further evidence of 

the validity of the EK-60F comes from several studies that have found significant group 

differences when using the task with clinical populations with known deficits in emotion 

processing. Examples of facial stimuli can be found in Figure 6.1. 
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Figure 6.1. Ekman and Friesen’s (1976) Pictures of Facial Affect used in the EK60F.   

The International Affective Picture System (IAPS). The IAPS is a standardised 

database of emotion-evoking images which has been widely used in psychological research of 

emotion and attention (Mikels et al., 2005). A range of positive, negative, and neutral pictures are 

presented for 5 s and participants are required to rate their subjective experience of the picture on 

a 9-point scale ranging from very unpleasant to very pleasant (Winecoff et al., 2011). Normative 

data for the IAPS has been obtained in university students, children and elderly participants from 

a variety of cultural groups (Lang et al., 2008; Libkuman et al., 2007). Its reliability has been 

supported by high internal consistency (0.82 – 0.95) and low inter-individual variance among 

respondents (Drače et al., 2013). Several studies have also supported the validity of the IAPS 
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across various cultural and age groups (Drače et al., 2013; Gong & Wang, 2016; Silva, 2011; 

Soares et al., 2015).  

Sixty pictures were divided into three categories based on the normative valence scores: 

positive, negative, and neutral. The positive category contained 20 images with a mean valance 

of 7.86 (SD = 1.41) and mean arousal of 4.91 (SD = 2.38): 1440, 1460, 1463, 1610, 1710, 1750, 

1920, 2040, 2070, 2314, 2530, 5700, 5760, 5825, 5830, 7502, 8080, 8185, 8190 and 8496. 

Twenty images were categorized as negative with a mean valance of 2.58 (SD = 1.64) and mean 

arousal of 5.72 (SD = 2.27): 1022, 1220, 1300, 1930, 2205, 2683, 2800, 3051, 3350, 6250, 6370, 

9220, 9280, 9300, 9320, 9340, 9571, 9910 and 9940. Finally, the neutral condition also consisted 

of 20 images with a mean valance of 4.88 (SD = 1.05) and arousal of 2.75 (SD = 1.85): 1787, 

2215, 2383, 7000, 7002, 7004, 7006, 7009, 7010, 7034, 7035, 7036, 7041, 7050, 7060, 7100, 

7130, 7140, 7150, 7185 and 9560. The pictures were matched for arousal in each valence 

category and were presented pseudo-randomly in blocks of five for a total of 25 s each. There 

were eight different conditions, presented in two blocks each, resulting in 12 blocks: experience 

positive, experience negative, experience neutral, experience baseline, regulate positive, regulate 

negative, regulate neutral and regulate baseline. Refer to Appendix C for detailed information 

about the selected stimuli, including a description of the content, condition placement, and the 

valence and arousal scores. Examples of similar pictorial stimuli can be found in Figure 6.2. 
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Figure 6.2. Images containing similar content to the IAPS stimuli.  

 Weshsler Abbreviated Scale of Intelligence – Version 2 (WASI-II). The WASI is a 

brief standardized measure of intelligence which has a two-subtest version (vocabulary & matrix 

reasoning), and a four-subtest version (similarities, block design, vocabulary, & matrix 

reasoning). Because IQ was only assessed for screening purposes, the two-subtest version was 

selected for this study. With an approximate 15-minute completion time, the WASI provides an 

estimated IQ score for larger samples of participants when full assessment batteries are not 

feasible or necessary. Construct validity of the WASI has been well established through 

comparison with the Wide Range Intelligence Test, Wechsler Intelligence Scale for Children, 

Stanford-Binet Intelligence Scale, and Reynolds Intellectual Assessment Scale. Studies have 

consistently found sufficient correlation (0.75 - 0.80) between the related scales to support 

convergent validity (Bialik, 2008; Canivez et al., 2009; Hays et al., 2002). Axelrod (2002) 

compared the two-subtest WASI to the Wechsler Adult Intelligence Scale and found that it did 
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not demonstrate the desirable validity, asserting that the WASI-II should only be used cautiously 

as an estimation of intelligence (Axelrod, 2002). Cronbach’s alpha reliability coefficients as high 

as 0.96 have been reported for the WASI-II, test-retest reliability as high as 0.88 have been 

found, and inter-rater reliability has been reported to be 0.98 (Bialik, 2008; Canivez et al., 2009).  

Equipment 

fNIRS. A LABNIRS continuous-wave 24 channel fNIRS system (Shimadzu, Kyoto, 

Japan) was used to measure hemodynamic changes in the prefrontal cortex as an indication of 

neural activity. The fNIRS setup and data-collection was preformed similar to Lu et al. (2019), Y. 

Wang et al. (2018) and Hori et al. (2008). In accordance with the International 10-20 System, a 

tightfitting NIRScap was used to position eight emitter and eight detector probes in a geometric 

pattern 3 cm apart across the frontal lobes, with the mid-column of the probes located over the 

Fpz and the lowest probes located along the T3− Fp1− Fpz− Fp2− T4 line. The optodes were 

inserted into plastic grommets embedded within the cap to secure them against the scalp and 

minimise movement. This probe arrangement enabled the measurement of haemoglobin 

oxygenation in the PFC to a depth of 2-3 cm. Specific brain regions were anatomically identified 

by a virtual registration method which enables fNIRS channel positions to be matched with 

neural structures. Figure 6.3 illustrates the probe arrangement and anatomical mapping. 

Prior to data collection, the strength and quality of channel signals were tested. Any 

channels displaying attenuation values less than 60 dB or greater than 140 dB were removed, 

cleaned, and reconnected after displacing impeding hair. The absorption of near-infrared light at 

three wavelengths (790, 805, and 830 nm) was measured at a time resolution of 0.1 s. Light 

propagation in the scattering medium was modelled using the modified Beer-Lambert Law 

(Leon-Carrion et al., 2006).  A block protocol was employed to average across sets of trials, with 
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each trial consisting of a pre-task resting baseline period and an event period. The resting 

baseline was calculated as the mean O2Hb across the 15 s prior to stimulus presentation and the 

event period was calculated as the final 15 s of each trial. 

 

Figure 6.3. Example probe arrangement and anatomical mapping. 

Procedure 

After obtaining informed consent, the participants were seated in a dimly lit room 1 m 

directly in front of a computer monitor and instructed to refrain from moving while the size and 

shape of their heads were measured using a 3D digitizer (FASTRAK Digitizing System, 

Polhemus). The fNIRS probes were connected, tested, and adjusted if they failed to produce a 

strong enough signal. E-prime (Psychological Software Tools, USA) software was used to 

present two cognitive tasks (IAPS and EK60F) to the participants in a counterbalanced order, 

while their neural activity was monitored using fNIRS. The participants were provided with 

instructions (see Appendix J) and practice trials before each of the tasks. After completing both 

cognitive tasks, the fNIRS equipment was disconnected, and the participants undertook an 

estimated IQ assessment using the WASI-II.  
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During the IAPS task, the participants were presented with novel photographs and 

instructed to use an appraisal strategy that involved thinking of themselves as an objective 

observer. In pilot 1, the participants were presented with 60 blocks consisting of a 5 s baseline 

period which instructed them via written cue on the screen to either ‘experience’ their emotions 

naturally or ‘reappraise’ their emotion using the detached observer strategy, followed by a 5 s 

task period which presented IAPS pictures, with half allocated to the experience condition and 

half dedicated to the appraise condition. During each trial, the participants rated the valence of 

each image on a 9-point scale ranging from ‘very unpleasant’ to ‘very pleasant’ using buttons on 

a number-pad. The task was the same for pilot studies 2 and 3, except for the number and 

duration of stimuli. In pilot 2, participants were presented with 30 blocks consisting of a 10 s 

baseline and 10 s task period. For pilot 3, the participants were presented with 12 blocks 

consisting of a 25 s baseline period and a 25 s task period containing 5 images for 5 s each. 

During the EK-60F, 60 faces displaying emotional expressions were presented for 5 s 

(pilot 1) or 10 s (pilot 2), following a baseline period (5 s or 10 s, respectively) consisting of a 

white cross on a black background. The participant was required to identify which of six 

emotions (anger, disgust, happiness, sadness, surprise, or fear) best described the displayed facial 

expression. The six emotion labels were displayed on-screen throughout the task period in a 

fixed order to avoid confusion and participants used mouse-clicks to select their response during 

the display of each face. For pilot 3, the participants were presented with 12 blocks consisting of 

a 25 s baseline periods and a 25 s block period, which contained five facial images for 5 s each. 

fNIRS Data Analysis 

Pre-processing of fNIRS Data. The analysis of the fNIRS data was modelled on studies 

by Lu et al. (2019), Y. Wang et al. (2018), and Ozawa et al. (2014). NIRS_SPM_V4 toolbox, 
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SPM12 and MATLAB 2013b (Mathworks, Natick, MA, United States) were used for pre-

processing, first- and second-level analyses, and mapping of the fNIRS data. The absorption of 

near-infrared light was measured at three wavelengths (790, 805, and 830 nm), and the optical 

density changes were converted to O2Hb estimates using the modified Beer-Lambert law 

(mBLL). The mBLL calculates the intensity of reflected light after it has been scattered and 

absorbed through cortical tissue (Leon-Carrion et al., 2006). Changes in O2Hb concentrations 

were examined in this study instead of HHb or total haemoglobin, as it has been established as a 

more reliable predictor of cognitive neural activity and less likely to be contaminated by 

extracerebral blood flow changes (Lu et al., 2019; Ozawa et al., 2019; Yu et al., 2017). Before 

statistical analysis, pre-processing of the raw O2Hb data, including motion artefact correction, 

physiological noise removal, and sampling rate adjustment was conducted. First, a discrete 

cosine transform-based band-pass filter was applied. The high-pass filter was set at 8.1 mHz to 

remove long-time drift artefacts and the low-pass filter was set to 150 mHz to remove extraneous 

physiological noise (i.e., heartbeat, respiration, and blinking) and high frequency noise artefacts. 

A moving average filter with a time window of 1 s was also implemented to remove frequency 

components including respiration oscillations (≈ 0.1–0.5 Hz) and pulse waves (≈ 0.6–1.2 Hz). 

Finally, the waveform time course was visually inspected to identify remaining artefacts. 

First-level Analysis. The subject-level data were analysed using a general linear model 

(GLM). The design matrix included several boxcar regressors which were convolved with a 

Gaussian haemodynamic response function (HRF) to predict O2Hb concentrations. After 

estimating the GLM and temporal correlates, beta values were calculated for eight conditions in 

the IAPS task (experience positive, experience negative, experience neutral and experience 

baseline, regulate positive, regulate negative, regulate neutral and regulate baseline), and two 



      202 

conditions (baseline and emotion recognition) in the EK60F task. The linear contrast for 

perception was defined: recognition-baseline. For emotion experience, four linear contrasts were 

defined: positive-baseline, negative-baseline, positive-neutral, and negative-neutral. Likewise, 

four linear contrasts were defined for emotion regulation: positive-baseline, negative-baseline, 

positive-neutral, and negative-neutral. A time course for each condition was calculated by 

averaging across all relevant blocks, and t-statistic maps were derived. The differences were 

tested using paired samples t-test and repeated measure ANOVAs. Significant positive and 

negative t-values indicated increased or decreased O2Hb, respectively. An alpha of .05 was 

implemented for all contrasts, correcting for family-wise error. 

Second-level Analysis and Brain Mapping. The first-level models were incorporated 

into group-level analyses for which the model was whitened using error-covariance of the first 

GLM model. The group-level analysis used mixed-effects models with task conditions as 

explanatory variables and subject as a random effect. The family-wise error was factored into the 

equation to control for multiple comparisons by using a false discovery rate correction with a 

significance level of 0.05 (Manelis et al., 2019). The beta values for each channel were compared 

with a 0 value. If the p-value from the one-sample t-test was not significant, the channel was 

defined as not activated. If the p-value was significant, and the t-value was positive or negative, 

the channel was defined as activate or deactivated respectively.  

A region of interest (ROI) approach was applied using a 3D digitizer and SPM12 to 

approximately localise the fNIRS channels on a standardized template. Coordinates of channel 

positions were localized in MNI space and presented on an anatomical MRI image. After 

removing four posterior channels owing to weak signal strength, groups of three channels were 

combined for each ROI, resulting in a total of six regions: left dlPFC, dmPFC, right dlPFC, left 
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vlPFC, vmPFC, and right vlPFC. Figure 6.4 shows the selected probe layout and channel 

grouping. Owing to the low spatial resolution of fNIRS and lack of structural guidance imagery, 

it is challenging to precisely map activity to brain regions. Thus, the specified ROIs were treated 

as approximations and interpreted with caution (Ozawa et al., 2019). 

 

Figure 6.4. Probe layout and channel groupings 

Statistical Analysis  

SPSS version 22 was used for data screening and analysis. Using Excel (Microsoft, USA) 

conversion scripts, O2Hb concentration data was automatically inputted into the SPSS database. 

A series of paired sample t-tests were conducted to determine whether there were any statistically 

significant changes in O2Hb between baseline and task periods across all trials of the emotion 

perception, emotional experience, and emotional regulation tasks. A 3 x 6 factorial ANOVA for 

repeated measures was calculated to examine the effect of emotional valence (positive, negative, 

and neutral) and ROI (Right dlPFC, dmPFC, Left dlPFC, Right vlPFC, vmPFC, and Left vlPFC) 

on O2Hb during emotional regulation and emotional experience. Statistical significance was set 

as p < .05 for all analyses.  

Results 

A series of paired sample t-tests were conducted to determine whether there were any 

statistically significant changes in O2Hb between baseline and task periods across all emotion 

processing tasks in pilot studies 1, 2, and 3. No significant differences were found between the 
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baseline and task conditions in Pilot Studies 1 or 2 at the group or individual-level. In pilot study 

3, significant differences were found at the individual-level in 11 participants (55%) for 

emotional recognition, 7 participants (35%) for regulation of negative stimuli, and 2 participants 

(10%) for regulation of positive stimuli. Significant differences were also found between the 

baseline and task conditions at the group level for emotional recognition. No significant 

differences were found at the group-level for emotional experience or regulation. 

At the group level, significant reductions of O2Hb during the emotion recognition task 

period were found in the vmPFC and dmPFC; t(19)= 7.86, p < .001, d = 0.34 and t(19)= 6.34, p 

< .001, d = 0.34 respectively. The left vlPFC also showed significantly lower O2Hb during the 

task period; t = 5.16, p = .04, d = 0.21. No significant differences were found in the right vlPFC, 

leftvdlPFC, or right dlPFC. These findings indicate that the vmPFC, dmPFC, and left vlPFC are 

characterised by a reduction in O2Hb during emotion recognition. The group-level descriptive 

characteristics and t-test results for the O2Hb changes during emotion recognition can be found 

in Table 6.1. The group level contrast images for emotion recognition can be found in Figure 6.5. 

 

Figure 6.5. Group level contrast images for O2Hb changes during emotion recognition. 

Unfiltered data (left) and filtered data at p < 0.05 level (right). 
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Table 6.1 

Descriptive characteristics and t-test of O2Hb changes during emotion recognition (n = 20) 

 Mean 

difference  
(SD) t p d Minimum Maximum 

Right dlPFC -0.0001 0.004 1.61 .59 0.11 -0.007 0.005 

dmPFC -0.0019*** 0.003 6.34 <.001 0.34 -0.007 0.003 

Left dlPFC -0.0002 0.003 4.19 .09 0.12 -0.004 0.006 

Right vlPFC 0.0003 0.003 1.93 .36 0.14 -0.005 0.008 

vmPFC -0.0022*** 0.002 7.86 <.001 0.34 -0.012 0.007 

Left vlPFC -0.0004* 0.004 5.16 .04 0.21 -0.005 0.007 

Note: The levels of significance are indicated with * p < .05, ** p < .01, *** = p < .001. The unit 

of measure is mmol mm. 

Discussion 

Designing cognitive tasks for use with fNIRS can be challenging as the cognitive needs 

of the task (e.g., reaction time, or randomisation) sometimes conflict with the technical 

capabilities of the fNIRS system (e.g., speed of hemodynamic response, or sensitivity of 

instrument). For example, the emotion perception task required stimuli to be presented in 

pseudorandom order so that the participants could not identify patterns in the sequence and 

correctly distinguish emotions by guessing. In pilot study 1, stimuli were presented 

pseudorandomly for 5 s each, but no significant difference were found between the baseline and 

task conditions at the group or individual levels. As blood can take several seconds to flow to the 

brain, the fNIRS system may have lacked the sensitivity to detect such rapid changes in 

hemodynamic response.  
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In the second pilot, there was an attempt to overcome this issue by increasing the 

presentation time to 10 s. Nonetheless, no significant differences were found in O2Hb between 

the baseline and task conditions at the group or individual levels. Examination of the reaction 

times revealed that most participants were responding within in the initial 3-5 s. Therefore, 

participants may not have been processing the emotional meaning of the stimuli for the 

remaining duration and, thus, contaminated the activation period with unintended periods of rest.  

In the third pilot, stimuli were presented in blocks of five for 5 s each for a total of 25 s 

per block. This approach enabled a compromise between the needs of the task and the capacity of 

fNIRS by presenting stimuli fast enough to keep the participants continuously engaged while 

also sustained enough for the fNIRS system to detect the hemodynamic response. Using this 

approach, significant differences were found at the individual-level during the emotional 

perception and regulation tasks, and at the group-level for the emotional perception task. 

Therefore, the design from pilot study 3 was use for the purpose of the primary study. 

Limitations and Suggestions for Future Research 

The current study has some limitations that need to be addressed. First, a power analysis 

was not conducted for the purpose of the pilot studies. As the estimation of the brain activity at 

the group-level was performed for only a small sample size of 20 participants, a low statistical 

power may have contributed to the occurrence of Type I and II errors (Button et al., 2013; Yu et 

al., 2017). Given that false-positive and false-negative rates are high in neuroimaging research 

because of the large number of analyses involved, having a sufficient sample size is important to 

ensure statistical power and improve reliability (F. Zhang & Roeyers, 2019). As such, we have 

not used the results from the pilot studies to draw conclusions on the capacity of fNIRS to detect 

prefrontal activations during emotion processing, but rather we are using the findings to guide 
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further research (outlined in the Chapter 7) which includes a larger sample size and more 

comprehensive analyses.   

The current study did not take into consideration difference in analysis software. As 

fNIRS is an emerging technique, there is currently no standardised approach to data analysis. 

Several different software packages have been developed to assist in the pre-processing and 

analysis of fNIRS data, many of which are incomplete or adapted from other neuroimaging 

techniques. For example, a study by Huang et al. (2017) analysed data using NIRS_SPM toolbox 

(BISP KAIST, Korea), a MATLAB-based software package which was initially designed for the 

statistical analysis of fMRI data and adapted for fNIRS. The study used an emotional image 

rating task and found no significant changes in O2Hb between positive and neutral stimuli. 

Another study analysed data using Homer-2, a second-generation set of MATLAB scripts 

explicitly designed for use with fNIRS, and found increased O2Hb in the left dlPFC during 

emotional experience of positive compared to neutral stimuli (M.-Y. Wang et al., 2018). The 

varying analysis approaches serve as a possible explanation for the discrepancies in previous 

research. Future studies should investigate and compare the various methods of data analysis to 

establish their consistency and identify the best approach to use in the analysis of fNIRS data. 

Conclusion 

 The present study examined various block designs for the measurement of prefrontal 

activation during emotion processing using fNIRS. As other authors have suggested (Gramfort et 

al., 2013; Robert et al., 2021), it is crucial to understand the effects of different analysis choices 

and to optimise the signal-processing procedure when developing an experimental protocol for 

fNIRS. Based on our findings, we infer that stimuli should be presented in blocks of five for 5 s 

each for a total of 25 s per block. This approach enabled a compromise between the needs of the 
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task and the capacity of fNIRS by presenting stimuli fast enough to keep the participants 

continuously engaged while also sustained enough for the fNIRS system to detect the 

hemodynamic response. Using this approach, significant differences were found at the 

individual-level during the emotional perception and regulation tasks, and at the group-level for 

the emotional perception task. Therefore, the experimental design from pilot study 3 was use for 

the purpose of a large study presented in Chapter 7. 
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Abstract 

The early diagnosis and treatment of emotion processing impairment is important 

because they are often linked with functional outcomes. Near-infrared Spectroscopy (fNIRS) has 

been proposed as a potential tool for biomarker screening and treatment evaluation owing to 

ecological advantages over other neuroimaging techniques. The present study aimed to establish 

the capacity of fNIRS for detecting prefrontal activation during emotional processing, as well as 

determining the influence of several individual-level and task-related factors on prefrontal 

activity. Eighty healthy young adults undertook a facial emotion-recognition task and an emotion 

experience and regulation task while their prefrontal brain activity was measured using fNIRS. 

Overall, hypoactivation was found in the mPFC during emotional recognition, hyperactivation 

was found in the right vlPFC during negative emotional regulation, and no significant differences 

in O2Hb during emotional experience. Furthermore, when compared to a resting baseline period, 

negatively valanced and ambiguous stimuli elicited the greatest change in activation, especially 

among female participants. These findings established the capacity of the fNIRS for detecting 

neural changes during emotional processing which may have implications for the diagnosis and 

treatment of emotional processing impairments. 

 

Keywords: near-infrared spectroscopy, emotion, prefrontal cortex, expression recognition, affect 

regulation 
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Chapter 7: Prefrontal Activation and Deactivation during Emotion Processing: a 

Functional Near-infrared Spectroscopy (fNIRS) Study 

Human beings are remarkedly social creatures compared to other members of the animal 

kingdom. Research comparing 2-year-old children with our closest primate relatives found that, 

although performance was roughly equal on measures of neurocognition, the human toddlers 

outperformed the chimpanzees on tasks relating to social cognition (Herrmann et al., 2007). 

Social cognition is an array of psychological processes for the perception, prediction, action and 

regulation of thoughts, feelings, and behaviours in social interactions (Green et al., 2015; Pu et 

al., 2016). Emotion processing is one of the most extensively researched areas of social cognition 

and can be divided into three domains: emotion perception, emotional experience and emotion 

regulation (Green et al., 2015). Emotion perception is the ability to recognize and identify a 

diverse set of social cues from facial expressions, body language and vocal differences (Barbato 

et al., 2015). Emotional experience is the immediate subjective, physiological and behavioural 

reaction to an emotion invoking event or stimulus (Green et al., 2015). Finally, emotion 

regulation refers to the process through which individuals influence what, when, and how 

emotions are expressed, by initiating, inhibiting, or modulating their feelings, thoughts, 

physiological responses, and behaviours (Horan et al., 2013). Psychological disorders, including 

bipolar disorder and schizophrenia, are characterized by impairment in one or more of these 

domains and are linked with poor interpersonal engagement and undesirable functional outcomes 

(Bora & Pantelis, 2013; Fett et al., 2011; Kahn & Keefe, 2013). Consequently, researchers have 

focused on the early detection and treatment of these impairments (Cella et al., 2015; Murray et 

al., 2016; Peyroux & Franck, 2016). 
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The prefrontal cortex (PFC) is one of the later structures to evolve in the human brain and 

is a primary region distinguishing us from non-human animals (Gazzaniga & Ivry, 2013). The 

PFC, specifically the medial PFC (mPFC) and orbitofrontal cortex (OFC), has consistently been 

linked to emotion processing. Neuroimaging and brain injury studies have shown that damage to 

these brain regions results in social and emotional impairment (Bendall et al., 2016; Jani & 

Kasparek, 2017; McKenna & Eyler, 2012). Reviews of fMRI research have concluded that the 

mPFC and OFC show differential activation during emotion perception, and that regions of the 

lateral PFC show increased activity during emotion regulation (Binelli et al., 2014; Mitchell et 

al., 2014; Stuhrmann et al., 2011). However, fMRI is expensive, has contraindications (e.g., 

people with shrapnel or electronic implants) that limit participation, and causes physical and 

psychological discomfort as it requires participants to lay motionless inside an enclosed space 

(Manelis et al., 2019). These limitations make fMRI impractical for use in clinical settings as a 

tool for biomarker screening and treatment evaluation (Pouratian & Bookheimer, 2006).  

Functional near-infrared spectroscopy (fNIRS) is an emerging neuroimaging technique 

that may be an alternative to fMRI for assessing brain activation (Manelis et al., 2019). fNIRS 

non-invasively measures haemodynamic changes in cortical tissue as an indication of neural 

activity (Glotzbach et al., 2011). Activated brain regions receive an increase in regional cerebral 

blood flow (rCBF) which elevates levels of oxygenated haemoglobin (O2Hb) and lowers 

deoxygenated haemoglobin (HHb) concentrations (Ferreri et al., 2014). fNIRS emits near-

infrared light into cortical tissue and changing optical properties of the tissue influence the 

amount of light that gets absorbed, scattered or reflected out towards the surface of the scalp 

(Irani et al., 2007). Higher regional O2Hb leads to the absorption of more light, allowing less 

light to be deflected out and measured by the detector probes. Although at this stage fNIRS is 
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unable to examine deeper brain structures, such as the amygdala, it is particularly well suited to 

measure activity in the PFC and thus a potentially useful tool in the assessment of emotion 

processing (Fekete et al., 2014).   

Arguably the primary advantage of fNIRS is that it can be used in natural environments 

and is less susceptible to data corruption from participants’ head movement (Fekete et al., 2014; 

Suda et al., 2010). These advantages are beneficial in studying clinical populations, particularly 

those with schizophrenia and autism spectrum disorders, owing to the lower physical and 

psychological burden on patients and the reduced need for controlling their actions (Irani et al., 

2007). A second main advantage of fNIRS is its cost-effectiveness to purchase, use and maintain 

compared to the more expensive fMRI and PET (Fekete et al., 2014). Third, in addition to being 

relatively easy to use, most modern fNIRS systems are portable in size, enabling them to be used 

in a variety of environments, include patients’ homes (Irani et al., 2007). Fourth, fNIRS is 

capable of measuring neural activation in multiple participants simultaneously, making it 

possible to study communication and teamwork-based topics which is particularly useful in 

studies of social cognition (Suda et al., 2010). Although fNIRS has many practical advantages 

over other neuroimaging techniques, the capacity of fNIRS for detecting changes in neural 

activity during emotion processing and for identifying differences between clinical and healthy 

populations remains to be established.  

According to a recent systematic review, 85 studies have used fNIRS to investigate 

emotion processing, 73 of which measured activity in the PFC (Westgarth et al., 2021). 

Emotional experience was the most extensively investigated domain of emotion processing with 

43 studies examining prefrontal activation. Findings among studies of emotional experience were 

relatively consistent with 22 studies reporting increased O2Hb in the PFC during emotional 
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experience (Westgarth et al., 2021), 3 reporting greater activation only for negative stimuli 

(Herrmann et al., 2003; Ozawa et al., 2014; Yang et al., 2007), and 9 reporting varied patterns of 

activation depending on the valence or type of presented stimuli (Fanti et al., 2016; Hoshi et al., 

2011a; Matsukawa et al., 2017; Perlman et al., 2014; Rodrigo et al., 2016; Vanutelli & Balconi, 

2015; F. Wang et al., 2018; M.-Y. Wang et al., 2018; Zhang et al., 2018). Nonetheless, 3 studies 

have reported a decrease in O2Hb in the PFC during emotional experience (Himichi et al., 2015; 

Ozawa et al., 2019; Wei et al., 2017), and 6 reported no significant changes in the O2Hb 

(Deppermann et al., 2017; Huang et al., 2017; Lucas et al., 2019; Matsuo et al., 2003; Nakata et 

al., 2018; Piper et al., 2015).  

While many studies have focused on the domain of emotional experience, emotional 

perception and regulation have received relatively limited attention. Of the 11 studies examining 

emotional regulation, weak experimental designs and non-representative samples have limited 

the validity or utility of the findings. Six of these studies focused on a single discrete emotion or 

valence (Ernst et al., 2013; Giles et al., 2018; Glotzbach et al., 2011; Honda et al., 2018; Ruocco 

et al., 2010; Tupak et al., 2014), three used word-based interference tasks involving 

neurocognitive interference (Dieler et al., 2010; Holper et al., 2016; Matsubara et al., 2014), and 

the remaining three studies used paradigms suitable only for young children (Grabell et al., 2019; 

Grabell et al., 2018). Further research is needed to confirm the capacity of fNIRS to measure 

emotional regulation using more representative samples and comprehensive tasks, such as 

cognitive reappraisal paradigms that examine a diverse array of emotions. 

While the domain of emotional perception has received some attention in the fNIRS 

literature, sample sizes are often small and findings are inconsistent between studies (Barbato et 

al., 2015). Of the 19 studies examining emotional perception using fNIRS (Westgarth et al., 
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2021), 5 reported a significant increase in prefrontal activity during emotion perception 

(Egashira et al., 2015; Fox et al., 2013; Lu et al., 2019; Nishikawa et al., 2015; Nishitani et al., 

2011), 2 reported increases for negative stimuli only (Hosokawa et al., 2015; Roos et al., 2011), 5 

reported a significant decrease in O2Hb (Gruber et al., 2019; Hirata et al., 2018; Ieong & Yuan, 

2018; Manelis et al., 2019; Ravicz et al., 2015), and 3 reported non-significant or undefined 

changes in O2Hb (Ateş et al., 2017; Herrmann et al., 2016; Watanuki et al., 2016). The remain 4 

(21%) of studies presented mixed findings depending on the prefrontal region or type of emotion 

stimuli (Abdullayev et al., 2018; Anuardi & Yamazaki, 2019; L. Gao et al., 2019; Roos et al., 

2011). The lack of consensus among findings of previous studies provides limited evidence to 

support the capacity of fNIRS for reliably measuring prefrontal activity during emotional 

perception. Heterogeneities in experimental designs, participants, stimulus materials, and 

approaches to data analysis are the likely causes for the inconsistent results (Westgarth et al., 

2021). Therefore, larger studies into the capacity of fNIRS to detect activity during emotion 

processing are needed, as well as investigations into the heterogeneous confounding factors, such 

as participant gender or stimulus intensity. 

Gender differences have been well established in studies of emotion (Hoshi et al., 2011b). 

Although meta-analyses have suggested that neurocognitive gender differences are decreasing 

over time as an effect of changing socio-cultural factors, female superiority is still a common 

finding among studies of emotion processing (Fischer et al., 2018; Hyde & Mertz, 2009). 

Previous research has shown that females display greater brain activation in the right vlPFC and 

premotor cortex during emotional experience than males, particularly with regards to fear 

exposure (Hall et al., 2004; Marumo et al., 2009; McClure et al., 2004). Several studies using 

fNIRS have also found that females display greater brain activation in the vlPFC during 
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emotional activation tasks, especially for negatively valenced stimuli (Bigliassi et al., 2015; 

Marumo et al., 2009; Yang et al., 2007). Although gender differences in emotional perception 

and regulation have not yet been investigated with fNIRS, fMRI studies have found that females 

show more activation during cognitive reappraisal compared to males (McRae et al., 2008). 

Furthermore, studies of behavioural data have shown that females recognize emotional facial 

expression better than males (Abbruzzese et al., 2019). Collectively, these findings indicated a 

possible gender difference in prefrontal brain activity across all domains of emotion processing. 

Nonetheless, several studies have reported no gender differences in emotional facial 

recognition, and some researchers have suggested that the reported effect sizes in previous 

studies of gender difference are often small (Grimshaw et al., 2004; Hall et al., 2000; Rahman et 

al., 2004). One proposed explanation for the conflicting results in prior studies is that females are 

better than males at recognising facial emotions under conditions of minimal stimulus 

information (Hall & Matsumoto, 2004). Montagne et al. (2005) presented film clips of neutral 

faces gradually morphing into full facial expressions and found that female participants were 

faster and more accurate at recognising emotion than male participants. However, recognition 

accuracy was roughly equal between men and women when the expressions were fully present 

(Montagne et al., 2005; Rahman et al., 2004). These findings suggest that, compared to males, 

females are better at detecting low intensity expressions when subtle emotional information is 

given (Hoffmann et al., 2010). 

The intensity of facial expressions may also play a direct role in determining activation 

during the recognition of emotion (Wolf et al., 2016). Most previous neuroimaging studies 

investigating emotional recognition, especially those reporting non-significant differences or 

weak effect sizes, typically use high-intensity static images which lack ecological validity and 
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may introduce ceiling effects owing to their ease of recognition (Wolf et al., 2014). It can be 

expected that using more ecologically valid stimuli, characterised by a rapid presentation and 

low intensity may result in poorer recognition accuracy and different functional brain activity. 

Nishikawa et al. (2015) examined emotional facial recognition at four levels of intensity, very 

clear (100%), clear (50%), less clear (35%) and ambiguous (20%), and found that ‘less clear’ and 

‘ambiguous’ expressions of emotion resulted in greater changes in O2Hb than the ‘clear’ 

condition. Thus, the conflicting findings among previous fNIRS studies might be explained by 

differences in the nature of the stimuli. Studies using obvious static facial expressions of high 

intensity may show fewer gender differences and less changes in neural activation than those 

using subtle expressions with less intensity (Hoffmann et al., 2010). 

The present study aimed to establish the capacity of fNIRS for detecting prefrontal 

activation during three domains of emotion processing using a relatively large sample of healthy 

adults. Based on the findings presented in the review by (Westgarth et al., 2021), it was 

hypothesized that (a) significant differences in O2Hb would be observed in the mPFC between 

emotion recognition and the resting baseline; (b) O2Hb concentrations would increase in the 

bilateral PFC during emotional experience and regulation; and (c) O2Hb would increase more in 

the left hemisphere for positively valanced stimuli and right hemisphere for negatively valanced 

stimuli, and (d) changes in O2Hb would be greater for regulation of negatively valances stimuli 

compared to positive or neutral. 

The secondary aim of this study was to investigate the impact of gender differences and 

emotional intensity of facial expressions on behavioural performance and prefrontal activity 

during emotion processing. Based on the aforementioned research by Hoffmann et al. (2010), 

Montagne et al. (2005) and Nishikawa et al. (2015), it was hypothesized that (a) females would 
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show greater increase in prefrontal activity during emotional regulation than males, (b) during 

emotional recognition, changes in O2Hb would be greater for females than males, (c) females 

would have greater recognition accuracy than males on ambiguous expressions during emotional 

recognition, but similar performance on obvious expressions, and (d) O2Hb changes would be 

larger in the mPFC and right lateral PFC when the stimuli were more ambiguous compared to 

stimuli which were clearer.  

Methods 

Participants 

Eighty young adults (Mage = 20.48 years; SD 3.66) were recruited through advertisement 

flyers, social media postings, and the undergraduate research participation pool at Griffith 

University, Australia. All participants were native English speakers between 18 and 32 years of 

age, with an estimated IQ above 85 (as assessed with the WASI-II). Participants were excluded if 

they reported a psychological disorder or neurological illness, a first degree relative with 

schizophrenia, a prescription for antipsychotic or antidepressant medication, or history of 

traumatic brain injury, electroconvulsive therapy, alcohol abuse or substance addiction. The 

sample consisted of 59 females (73.8%) and 21 males (26.3%), with a mean of 13 years 

completed education (SD = 1.32). Estimated IQ scores ranged from 86-142 with a mean of 108.2 

(SD = 11.29). None of the participants reported having extensive training or experience in 

emotion processing outside of regular daily use. Ethical approval to conduct the pilot and 

primary studies was granted (Reference number: 2018/421) and written informed consent was 

acquired from all participants.  

Measures 

 Details about the Measures have been outlined in Chapter 6 on pages 193-198. 
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Equipment 

 Details about the Equipment have been outlined in Chapter 6 on pages 198-199. 

Procedure 

Before attending a laboratory session, a detailed information pamphlet was provided to 

the participant, signed consent was obtained, and a questionnaire was completed. The 

participants were seated in a dimly lit room 1 m directly in front of a computer monitor and 

instructed to refrain from moving while the size and shape of their heads were measured using a 

3D digitizer (FASTRAK Digitizing System, Polhemus). E-prime (Psychological Software Tools, 

USA) software was then used to present two cognitive tasks (IAPS and EK60F) in 

counterbalanced order, while the participant’s neural activity was monitored using fNIRS. Before 

each of the tasks, the probes connections were tests and adjusted if they failed to produce a 

strong enough signal, and the participants were provided with instructions (see Appendix J) and 

practice trials. 

Emotional experience and regulation were examined using a cognitive reappraisal task of 

IAPS stimuli based on a study by Winecoff et al. (2011). The participants were presented with 60 

novel photographs drawn from the IAPS in a pseudorandom order and instructed to use an 

appraisal strategy that involves thinking of themselves as an emotionally detached and objective 

observer. The participants were presented with 12 blocks, each consisting of a 25 s baseline 

period which involved a written cue on the screen instructing them to either ‘experience’ their 

emotions naturally or ‘reappraise’ their emotion using the detached observer strategy, and a 25 s 

task period consisting of five pictures from the same valence category for 5 s each. Half of the 

blocks were allocated to the experience condition and the other half dedicated to the appraise 

condition. During each trial, the participants rated the valence of each image on a 9-point scale 
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ranging from ‘very unpleasant’ to ‘very pleasant’ using buttons on a number-pad. This ensured 

the participants were actively paying attention to the stimuli during the regulation condition. The 

stimuli were present for the entire duration of the task period regardless of how quickly the 

participant responded. 

Emotional perception was examined using the EK60F. Participants were presented with a 

25 s baseline period consisting of a white cross on a black background. After each baseline 

period, 60 faces displaying emotional expressions were presented pseudorandomly in 12 blocks. 

Each block lasted for 25 s and contained five images, each displayed for 5 s. Using mouse-clicks 

to select their response, the participants were required to identify which of six emotions (anger, 

disgust, happiness, sadness, surprise, or fear) best described the displayed facial expression. The 

six emotion labels were displayed on-screen throughout the task period in a fixed order to avoid 

confusion. After completing both cognitive tasks, the fNIRS equipment was disconnected, and 

the participants undertook an estimated IQ assessment using the WASI-II. 

fNIRS Data Analysis 

 Details about the Analysis of fNIRS data have been outlined in Chapter 6 on page 200-3.  

Statistical Analysis  

SPSS version 22 was used for data screening and analysis. Using Excel (Microsoft, USA) 

conversion scripts, O2Hb concentration data was automatically inputted into the SPSS database. 

The database was screened for inaccuracies, missing values, outliers, and homogeneity of 

variance. Skewness and kurtosis were also evaluated to determine the normality of each variable. 

A 2 x 3 factorial ANOVA for repeated measures was calculated to examine the effect of task 

condition (experience vs regulation) and emotional valence (positive, negative, and neutral) on 

self-reported rating scores. A one-way repeated measures ANOVA was conducted to compare the 
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effect of stimulus intensity on recognition accuracy, in very obvious, obvious, subtle and very 

subtle facial expression conditions. A series of independent sample t-tests were conducted to 

identify gender-related differences in emotional recognition accuracy, and emotional experience 

and regulation rating scores. 

A series of paired sample t-tests were conducted to determine whether there were any 

statistically significant changes in O2Hb between baseline and task periods across all trials of the 

emotion perception, emotional experience, and emotional regulation tasks. Only the ROI found 

to have significant O2Hb changes were included in subsequent analyses. A one-way repeated 

measures ANOVA was conducted to compare the effect of stimulus intensity on changes in O2Hb 

concentrations. A 3 x 6 factorial ANOVA for repeated measures was calculated to examine the 

effect of emotional valence (positive, negative, and neutral) and ROI (Right dlPFC, dmPFC, Left 

dlPFC, Right vlPFC, vmPFC, and Left vlPFC) on O2Hb during emotional regulation and 

emotional experience. Finally, a series of independent sample t-tests were conducted to identify 

gender differences in prefrontal activation during emotional perception, experience, and 

regulation. Statistical significance was set as p < .05 for all analyses.  

Results 

Emotional Perception 

Behavioural Data. Participants scored an overall average of 59.8% (SD = 9.8%) on the 

EK60F. The mean accuracy was 78.9% (SD = 13.2%) for the very obvious condition, 69.8% (SD 

= 13.9%) in the obvious condition, 46.7% (SD = 17.5%) in the subtle condition, and 16.1% (SD 

= 12.9) in the very subtle condition. 

Effect of Emotional Intensity on Recognition Accuracy. A one-way repeated measures 

ANOVA was conducted to compare the effect of stimulus intensity on recognition accuracy, in 
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very obvious, obvious, subtle and very subtle facial expression conditions. Mauchly’s Test of 

Sphericity was statistically significant across all conditions, indicating that the assumption of 

sphericity was violated. Therefore, Greenhouse-Geisser correction was applied to the degrees of 

freedom. There was a significant effect of stimulus intensity on recognition accuracy, F(3, 77) = 

422.81, p <.001,  Ƞ2p = .84. 

Post hoc analyses with Bonferroni adjustment showed that recognition accuracy was 

significantly greater for the very obvious (M = 78.9; SD = 13.2) than the obvious (M = 69.82; SD 

= 13.98) condition, t(79) -13.37, p < .001, d = 2.04; Recognition accuracy was significantly 

greater for the obvious (M = 69.82; SD = 13.98) than the subtle (M = 46.66; SD = 17.53) 

condition, t(79) -11.63, p < .001, d = 1.46; recognition accuracy was significantly greater for the 

subtle (M = 46.66; SD = 17.53) than the very subtle (M = 16.01; SD = 12.9) condition, t(79) -

6.62, p < .001, d = 0.67. Therefore, recognition accuracy decreased as the emotional facial 

expressions become more subtle. 

Gender Differences in Emotion Recognition. A series of independent sample t-tests 

were conducted to identify gender differences in emotional recognition accuracy. No statistically 

significant differences were found between males and females for recognition accuracy. Results 

from the t-tests are presented in Table 7.1. 

Table 7.1 

T-test results for gender differences in emotion recognition accuracy scores 

Outcome Group 

95% CI t p d Male (n = 21) Female (n = 59) 

M SD M SD 

Recognition accuracy 
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Overall 57.78 9.55 60.5 9.82 -1.12, 7.52 1.48 .14 0.39 

Very Obvious 78.11 14.06 79.18 12.99 -5.63, 7.82 0.32 .75 0.08 

Obvious 65.87 11.86 71.22 14.51 -1.65, 12.41 1.52 .13 0.41 

Subtle 43.27 17.62 47.87 17.52 -4.26, 13.47 1.03 .31 0.26 

Very Subtle 15.79 13.67 16.09 11.61 -5.86, 6.44 0.11 .93 0.02 

Note: The levels of significance are indicated with * p < .05, ** p < .01, *** = p < .001. df = 78. 

fNIRS Data during Emotional Recognition. The descriptive characteristics of the O2Hb 

changes can be found in Table 7.2. A series of paired sample t-tests were conducted to determine 

whether there were any statistically significant changes in O2Hb between baseline and task 

periods across all trials of the emotion recognition task. At an individual-level, significant O2Hb 

decreases were observed in 63 participants (78.75%) during emotional recognition, while O2Hb 

increases were found for 3 (3.75%) of the participants. Six (7.5%) participants showed no 

significant changes in O2Hb during emotional recognition. Individual-level contrast images can 

be found in Appendix E. 

At the group level, significant reductions of O2Hb during the task period were found in 

the vmPFC and dmPFC; t(79)= 9.51, p < .001, d = 0.35 and t(79)= 7.42, p < .001, d = 0.28 

respectively. The left (t = 5.96, p < .001, d = 0.19) and right (t = 5.34, p < .001, d = 0.21) vlPFC 

also showed significantly lower O2Hb during the task period. Finally, O2Hb was significantly 

lower in the task condition in the left dlPFC; t(79) = 4.72, p = .01, d = 0.16. No significant 

differences were found in the right dlPFC. These findings indicate that the left and right vlPFC, 

and especially the medial PFC, are characterised by a reduction in O2Hb during emotion 

recognition. Although the left dlPFC showed a slight decrease, no significant changes were 

found in the right dlPFC. Figure 7.1 illustrates the group-level contrast image of O2Hb changes 

in the PFC during emotional recognition.  
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Effect of Emotional Intensity on O2Hb Changes. A one-way repeated measures ANOVA 

was conducted to compare the effect of stimulus intensity on changes in O2Hb concentrations, in 

very obvious, obvious, subtle and very subtle facial expression conditions of the EK60F. There 

was a significant effect of stimulus intensity on O2Hb changes in the vmPFC, Wilks’ Lambda 

= .83, F(3, 77) = 5.28, p = .002. No significant O2Hb differences were found in the dlPFC, 

vlPFC or dmPFC across the various levels of stimulus intensity. 

Three paired sample t-tests were used to make post hoc comparisons between conditions 

in the vmPFC. The first paired samples t-test indicated that there was no significant difference 

between O2Hb changes in the very obvious (M = -.0008, SD = .007) and obvious (M = -.0016, 

SD = .009) expression conditions; t(79) = .78, p = .44. A second paired sample t-test indicated 

that there was a significant difference between O2Hb changes in the obvious (M = -.0016, SD 

= .009) and subtle (M = -.0034, SD = .008) expression conditions; t(79) -2.04, p = .01. The final 

paired samples t-test indicated that there was no significant difference between O2Hb changes in 

the very subtle (M = -.0034, SD = .008) and subtle (M = -.0034, SD = .008) expression 

conditions; t(79) = .78, p = .44. These results indicate that O2Hb changes in the vmPFC increase 

(greater reduction) as the emotional facial expressions become more difficult to recognize.  

Gender Differences in O2Hb during Emotion Recognition. A series of independent 

sample t-tests were conducted to identify gender differences in prefrontal activation during 

emotion recognition.  Statistically significant differences were found between male and female 

participants in the dmPFC (t = -2.65, p < .01, d = 0.67) and right dlPFC (t = -2.01, p < .05, d = 

0.47). These findings indicate that females had higher changes (greater reduction) in O2Hb 

compared to males. No statistically significant differences were found between males and 

females in the vmPFC, vlPFC or left dlPFC. Results from the t-tests are presented in Table 7.3. 
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Table 7.3 

T-test results for gender differences in O2Hb during emotion recognition 

Outcome Group 

95% CI t p d Male (n = 21) Female (n = 59) 

M SD M SD 

Left dlPFC 0.0005 0.004 -0.0005 0.003 -0.003, 0.001 -1.3 .19 0.28 

dmPFC -0.0003 0.003 -0.002 0.002 -0.003, 0.001 -2.65** .01 0.67 

Right dlPFC 0.0006 0.003 -0.0008 0.003 -0.003, 0.001 -2.01* .04 0.47 

Left vlPFC 0.0008 0.004 0.0004 0.004 -0.002, 0.002 -0.44 .66 0.11 

vmPFC -0.001 0.006 -0.003 0.005 -0.004, 0.001 -1.18 .24 0.36 

Right vlPFC 0.0008 0.004 -0.0008 0.003 -0.002, 0.002 -0.01 .99 0.25 

Note: The levels of significance are indicated with * p < .05, ** p < .01, *** = p < .001. 

Emotional Experience and Regulation 

Behavioural Data. The mean and standard deviations for behavioural data are presented 

in Table 7.4. A 2 x 3 factorial ANOVA for repeated measures was calculated to examine the 

effect of task condition (experience vs regulation) and emotional valence (positive, negative, and 

neutral) on self-reported rating scores of the IAPS task. The ANOVA revealed that valence rating 

scores varied according to condition, F(1, 79) = 59.38, p  > .001, Ƞ2p = .84, and valence, F(1, 

79) = 45.71, p  > .001, Ƞ2p = .37. The interaction between condition and valence was also 

significant, F(1, 79) = 65.84, p  > .001, Ƞ2p = .46. Post hoc analyses with Bonferroni adjustment 

showed that rating scores in the positive experience condition (M = 7.52; SD = 1.04) were 

significantly higher than in the positive regulation condition (M = 5.87; SD = 1.47). Likewise, 

rating score in the negative experience condition (M = 2.18; SD = 0.85) were significantly lower 
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than in the negative regulation condition (M = 2.5; SD = 1.31). However, no significant 

differences were found between the neutral experience condition (M = 5.1; SD = 1.3) or the 

neutral regulation condition (M = 5.1; SD = 0.9). These findings demonstrate that the reappraisal 

strategy was effective in reducing the experience of emotion. 

Table 7.4 

Descriptive statistics for the behavioural data (n = 80) 

 Mean  (SD) Minimum Maximum 

Experience Rating   

Positive 7.52 1.04 4.43 9 

Negative 2.19 0.85 1 4.4 

Neutral 5.1 1.3 2.7 7.1 

Regulation Rating   

Positive 5.87 1.47 2.5 8.2 

Negative 2.51 1.3 1 5.6 

Neutral 5.1 0.9 3.7 5.6 

Note: values are the averaged self-rated scores on a 9-point scale, with 1 indicating strong 

negative emotion and 9 indicated strong position emotion, 

Gender Differences in Emotion Processing. A series of independent sample t-tests were 

conducted to identify gender differences in emotional experience and regulation rating scores.  

Statistically significant differences were found between male and female participants for the 

positive (t = 2.75, p = .007, d = 0.66) and negative (t = -2.47, p = .02, d = 0.74) emotional 

experience rating scores. These findings indicate that females rated their experience of emotion 

greater than males. No statistically significant differences were found between males and females 
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for recognition accuracy or rating score for emotional regulation. Results from the t-tests are 

presented in Table 7.5. 

Table 7.5 

T-test results for gender differences in emotion processing 

Outcome Group 

95% CI t p d Male (n = 21) Female (n = 59) 

M SD M SD 

Experience Scores 

Positive 6.99 1.17 7.7 0.93 0.19, 1.21 2.75 .01** 0.67 

Negative 2.57 0.86 2.05 0.81 -0.93, -0.11 -2.47 .02* 0.62 

Neutral 5.41 0.71 5.5 0.65 -0.07, 0.91 1.99 .11 0.13 

Regulation Scores 

Positive 5.77 1.13 5.91 1.58 -0.61, 0.88 0.35 .72 0.11 

Negative 2.88 1.29 2.37 1.29 -1.16, 0.15 -1.53 .13 0.41 

Neutral 4.07 1.11 4.31 1.31 -0.55, 0.78 -0.47 .33 0.21 

Note: The levels of significance are indicated with * p < .05, ** p < .01, *** = p < .001. df = 78. 

fNIRS Data for Emotional Regulation. Paired sample t-tests were conducted to 

determine whether there were any statistically significant differences in O2Hb between the 

baseline and regulation periods. At the individual-level, 18 (22.5%) participants showed O2Hb 

increases, 16 (20%) showed decreases, and 50 (62.5%) showed no significant changes between 

the baseline and positive regulation conditions. For the negative regulation condition, 38 (47.5%) 

showed increased O2Hb, 6 (7.5%) showed decreased O2Hb, and 36 (45%) showed no significant 

change. For the neutral regulation condition, 7 (8.75%) showed increased O2Hb, 8 (10%) showed 
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decreased O2Hb, and 65 (81.25%) showed no significant change. Refer to Appendix H (positive 

regulation and Appendix I (negative regulation) for the individual-level contrast images.  

At the group level, O2Hb concentrations were significantly larger in the negative 

condition compared to the baseline condition in the left and right vlPFC respectively; t(79)= 

5.03, p <.001, d  =  0.79; t(79)= 5.62, p <.001, d  =  0.88. There was also a significant difference in 

O2Hb concentration between baseline and negative conditions in the left and right dlPFC 

respectively; t(79)= 4.43, p = <.001, d  =  0.54; t(79)= 4.68, p = <.001, d  =  0.46. No significant 

differences were found between the baseline and negative conditions in the vmPFC or the 

dmPFC. There were also no significant differences between the baseline and positive conditions 

in any region. The statistical analyses and group-level contrast image for mean differences in 

O2Hb between the emotional and baseline conditions are presented in Table 7.6 and Figure 7.2.  

Table 7.6 

Descriptive characteristics of the O2Hb changes between baseline and emotional conditions 

  Positive Stimuli Negative Stimuli Neutral Stimuli 

 n Mean 

difference  

SD Mean 

difference  

SD Mean 

difference  

SD 

Right dlPFC 80 0.001 0.007 0.003*** 0.007 -0.0005 0.005 

dmPFC 80 -0.001 0.006 0.002 0.005 -0.0001 0.001 

Left dlPFC 80 0.001 0.006 0.003*** 0.005 -0.0003 0.004 

Right vlPFC 80 0.002 0.007 0.005*** 0.007 -0.0003 0.006 

vmPFC 80 0.0002 0.008 0.002 0.006 -0.0002 0.005 

Left vlPFC 80 0.001 0.006 0.005*** 0.006 -0.0001 0.001 

Note: The levels of significance for the comparison between emotional valence and baseline condition are 

indicated with * p < .05, ** p < .01, *** = p < .001. The unit of measure is mmol mm. 
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Figure 7.2. Changes in O2Hb for positive (left) and negative (right) emotion regulation compared 

to resting baseline. 

A 3 x 6 factorial ANOVA for repeated measures was calculated to examine the effect of 

emotional valence (3 levels: positive, negative, and neutral) and ROI (6 levels: Right dlPFC, 

dmPFC, Left dlPFC, Right vlPFC, vmPFC, and Left vlPFC) on O2Hb during emotion regulation. 

Mauchly’s Test of Sphericity was statistically significant across all conditions, and Greenhouse-

Geisser correction was applied. Results of the ANOVA revealed that O2Hb varied according to 

valence, F(1, 79) = 5.99, p = .003, Ƞ2p = .07, and ROI, F(1, 79) = 4.37, p = .01, Ƞ2p = .06. 

Simple main effect analyses were conducted and the interaction between valence and ROI was 

significant, F(1, 79) = 4.67, p < .001, Ƞ2p = .06. 

There was a significant difference in O2Hb between the valence conditions in the right 

vlPFC, F(1, 79) = 5.9, p < .001, Ƞ2p = .23, but no significant difference in the right dlPFC, 

vmPFC, dmPFC, left vlPFC, or left dlPFC. Post hoc analyses using Bonferroni’s tests showed 

that, in the right vlPFC, O2Hb was significantly higher for the negative condition (M = 0.006, SD 

= 0.001) compared to the neutral condition (M = 0.001, SD = 0.001); t(1,97) = 12.3, p < .001. 

Further post hoc analyses revealed that O2Hb changes during negative regulation were 
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significantly higher in the left vlPFC (M = 0.004, SD = 0.006) compared to the dmPFC (M = 

0.001, SD = 0.005), right dlPFC (M = 0.002, SD = 0.005) and vmPFC (M = 0.001, SD = 0.006). 

No other main effects or interactions were observed at the p < .05 level. The results for the 

repeated measures ANOVA of differences between emotional valence is illustrated in Table 7.7. 

The f-map contrast image for O2Hb differences between the negative and neutral condition can 

be found in Figure 7.3. 

Gender Differences in Emotion Regulation. A series of independent sample t-tests were 

conducted to identify gender-related differences in functional activity during emotion regulation.  

No statistically significant differences were found between males and females in the vmPFC, 

dmPFC, vlPFC or dlPFC. The results from the t-tests are presented in Table 7.8. 

 

 

Figure 7.3. Changes in O2Hb for positive (left) and negative (right) compared to neutral 

regulation. 
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Table 7.7 

Repeated measures ANOVA of differences between emotional valences 

ROI Valence Mean SD F p Ƞ2
p 

Left dlPFC Positive 0.001 0.001 1.32 .27 0.16 

 Negative 0.003 0.001    

 Neutral 0.0001 0.002    

dmPFC Positive -0.001 0.001 2.52 .11 0.21 

 Negative 0.001 0.001    

 Neutral 0.002 0.002    

Right dlPFC Positive 0.001 0.001 1.67 .21 0.21 

 Negative 0.003 0.001    

 Neutral -0.002 0.003    

Left vlPFC Positive 0.001 0.001 1.34 .26 0.17 

 Negative 0.004 0.001    

 Neutral 0.003 0.002    

vmPFC Positive 0.000 0.001 0.37 .59 0.01 

 Negative 0.001 0.001    

 Neutral 0.000 0.002    

Right vlPFC Positive 0.004 0.001 5.9 <.001 0.23 

 Negative 0.006* 0.001    

 Neutral 0.001 0.001    

Note: The levels of significance for the comparison between positive/negative and neutral 

conditions are indicated with * p < .05, ** p < .01, *** = p < .001. 
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Table 7.8 

T-test results for gender differences in emotion regulation 

Outcome Group 

95% CI t p d Male (n = 21) Female (n = 59) 

M SD M SD 

Positive Regulation 

Rating scores 5.77 1.13 5.9 1.58 -0.06, 0.88 0.35 .72 0.09 

Left dlPFC 0.001 0.007 0.002 0.006 -0.003, 0.004 0.44 .71 0.15 

dmPFC 0.001 0.006 0.001 0.006 -0.003, 0.002 -0.71 .87 0.01 

Right dlPFC 0.001 0.007 0.001 0.006 -0.004, 0.003 -0.23 .87 0.01 

Left vlPFC 0.002 0.007 0.001 0.008 -0.004, 0.003 0.29 .56 0.13 

vmPFC 0.002 0.008 -0.001 0.009 -0.007, 0.001 -1.38 .83 0.35 

Right vlPFC 0.002 0.005 0.001 0.006 -0.004, 0.002 -0.85 .21 0.18 

Negative Regulation 

Rating score 2.88 1.29 2.37 1.29 -1.16, 0.15 -1.53 .13 0.41 

Left dlPFC 0.002 0.007 0.003 0.007 -0.003, 0.004 0.26 .83 0.14 

dmPFC 0.001 0.005 0.002 0.005 -0.002, 0.003 0.56 .94 0.21 

Right dlPFC 0.005 0.007 0.003 0.005 -0.003, 0.003 0.06 .98 0.29 

Left vlPFC 0.001 0.006 0.004 0.007 -0.002, 0.005 0.67 .81 0.36 

vmPFC 0.002 0.006 0.001 0.006 -0.004, 0.002 -0.67 -.67 0.17 

Right vlPFC 0.004 0.007 0.005 0.006 -0.003, 0.004 0.39 .39 0.15 

Note: The levels of significance for the comparison between males and females are indicated 

with * p < .05, ** p < .01, *** = p < .001. df = 78. 
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fNIRS Data for Emotional Experience. A series of paired sample t-tests were 

conducted to determine whether there were any statistically significant differences in O2Hb 

between the baseline and emotional experience conditions. At the individual-level, O2Hb 

increases were observed in 10 (12.5%) participants for emotional experience of positive stimuli 

and 13 (16.25%) participants for negative stimuli, while decreases were found in 15 (18.75%) 

and 16 (20%), respectively. Both the positive and negative experience conditions had 57 

(71.25%) participants with no significant changes in prefrontal activity. Refer to Appendix F for 

the individual-level contrast images from the positive regulation condition and Appendix G from 

the negative regulation condition. At the group-level, no significant differences were found 

between the baseline and negative conditions in any region. There were also no significant 

differences between the baseline and positive conditions in any region. The mean differences in 

O2Hb between the emotional and neutral conditions are presented in Table 7.9. 

 

Table 7.9 

Descriptive characteristics of the O2Hb changes between baseline and emotional conditions 

  Positive Stimuli Negative Stimuli Neutral Stimuli 

 n Mean 

difference  

SD Mean 

difference  

SD Mean 

difference  

SD 

Right dlPFC 80 0.0013 0.009 -0.00005 0.011 -0.0006 0.001 

dmPFC 80 -0.0007 0.006 -0.00009 0.007 -0.0003 0.002 

Left dlPFC 80 0.0009 0.007 -0.0001 0.006 -0.0002 0.003 

Right vlPFC 80 0.0015 0.008 -0.0001 0.008 -0.0001 0.007 

vmPFC 80 -0.0011 0.007 -0.00003 0.009 -0.0002 0.008 
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Left vlPFC 80 0.0015 0.007 -0.0001 0.008 -0.0002 0.002 

Note: The levels of significance for the comparison between emotional valence and baseline 

condition are indicated with * p < .05, ** p < .01, *** = p < .001. The measure is mmol mm. 

A 3 x 6 factorial ANOVA for repeated measures was calculated to examine the effect of 

valence (3 levels: positive, negative, and neutral) and ROI (6 levels: Right dlPFC, dmPFC, Left 

dlPFC, Right vlPFC, vmPFC, and Left vlPFC) on O2Hb during emotional experience. As 

Mauchly’s Test of Sphericity was statistically significant across all conditions, Greenhouse-

Geisser correction was applied to the degrees of freedom. No significant differences were found 

between the valence condition in the dlPFC, vmPFC, dmPFC, or vlPFC. The results for the 

repeated measures ANOVA of differences between valences is summarised in Table 7.10.  

Gender differences in emotion experience. A series of independent sample t-tests were 

conducted to identify gender-related differences in O2Hb during emotion experience.  No 

statistically significant differences were found between males and females in the vmPFC, 

dmPFC, vlPFC or dlPFC. The results from the t-tests are presented in Table 7.11. 

Table 7.10 

Repeated measures ANOVA of differences between emotional valences 

ROI Valence Mean SD f p Ƞ2
p 

Left dlPFC Positive 0.001 0.001 1.12 .21 0.13 

 Negative 0.003 0.001    

 Neutral 0.002 0.001    

dmPFC Positive 0.001 0.001 1.58 .21 0.21 

 Negative -0.001 0.002    

 Neutral 0.001 0.002    
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Right dlPFC Positive 0.002 0.001 1.37 .31 0.27 

 Negative 0.002 0.001    

 Neutral 0.001 0.002    

Left vlPFC Positive 0.001 0.001 1.37 .36 0.14 

 Negative 0.004 0.001    

 Neutral 0.003 0.002    

vmPFC Positive 0.000 0.001 1.34 .35 0.06 

 Negative 0.001 0.001    

 Neutral 0.001 0.002    

Right vlPFC Positive 0.003 0.002 1.49 .24 0.13 

 Negative 0.004 0.001    

 Neutral 0.002 0.001    

Note: The levels of significance for the comparison between positive/negative and neutral 

condition are indicated with * p < .05, ** p < .01, *** = p < .001. 

Table 7.11 

T-test results for gender differences in emotion experience 

Outcome Group 

95% CI t p d Male (n = 21) Female (n = 59) 

M SD M SD 

Positive Regulation 

Rating scores 4.77 1.13 4.9 1.08 -0.06, 0.88 0.36 .42 0.17 

Left dlPFC 0.001 0.006 0.001 0.006 -0.002, 0.004 0.34 .62 0.01 

dmPFC 0.002 0.006 0.001 0.006 -0.003, 0.001 0.41 .91 0.17 
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Right dlPFC 0.001 0.008 0.001 0.006 -0.003, 0.003 0.24 .89 0.01 

Left vlPFC 0.001 0.005 0.002 0.008 -0.004, 0.004 -0.29 .47 0.15 

vmPFC 0.002 0.004 0.001 0.009 -0.007, 0.002 -1.37 .89 0.14 

Right vlPFC 0.001 0.004 0.002 0.006 -0.005, 0.001 -0.75 .32 0.21 

Negative Regulation 

Rating score 2.42 1.12 2.38 1.19 -1.15, 0.15 -1.52 .26 0.03 

Left dlPFC 0.001 0.007 0.002 0.007 -0.003, 0.005 0.28 .71 0.14 

dmPFC 0.002 0.004 0.003 0.006 -0.003, 0.003 0.46 .86 0.21 

Right dlPFC 0.002 0.004 0.002 0.005 -0.002, 0.003 0.26 .75 0.01 

Left vlPFC 0.001 0.006 0.002 0.005 -0.002, 0.004 0.57 .12 0.18 

vmPFC 0.001 0.003 0.001 0.006 -0.005, 0.002 -0.58 .37 0.01 

Right vlPFC 0.003 0.005 0.004 0.005 -0.004, 0.005 0.66 .81 0.21 

Note: The levels of significance for the comparison between males and females are indicated 

with * p < .05, ** p < .01, *** p < .001. df = 78. 

Discussion 

The present study aimed to evaluate the capacity of fNIRS to detect O2Hb changes in the 

PFC during three domains of emotion processing. In addition, this study aimed to investigate 

gender differences and emotional intensity differences on O2Hb changes. Overall, hypoactivation 

was discovered in the mPFC during emotional perception, hyperactivation in the right vlPFC 

during negative emotional regulation, and no significant differences in O2Hb during emotional 

experience. Differences were also found in O2Hb in relation to gender, valence, and intensity of 

stimuli.  
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Emotion Perception 

There was a significant decrease of O2Hb in the vlPFC, dmPFC and particularly the 

vmPFC during the emotion recognition task. These findings indicate that, contrary to our 

expectations, recognition of emotional faces was characterised by prefrontal hypoactivation. 

Emotion recognition is subserved by a network of structures, notably the vmPFC and amygdala, 

which share bidirectional projections by way of the uncinate fasciculus (Ghashghaei & Barbas, 

2002). Although the exact role of the vmPFC and amygdala remains unclear, research has 

implicated both regions in emotion recognition (Uono et al., 2017). Previous neuroimaging and 

lesion studies suggest that people with damage to the vmPFC or amygdala can identify non-

emotional facial features, but not emotional expressions (Adolphs et al., 2005; Gazzaniga & Ivry, 

2013). One theory proposes that during facial expression recognition, these regions contribute to 

the control of visual attention by guiding fixation to emotionally salient facial features (Adolphs 

et al., 2005; Smith et al., 2005; Wolf et al., 2016). Several studies have provided support for this 

theory by isolating facial features or using eye-tracking technology (Adolphs et al., 2005; Blair 

& Cipolotti, 2000; Gazzaniga & Ivry, 2013). For example, Adolphs et al. (2005) found that, 

compared to healthy controls, patients with vmPFC and amygdala lesions made fewer fixations 

on the eyes during the recognition of angry and fearful faces respectively. Therefore, it is 

reasonable to assume the vmPFC and amygdala exchange information during emotion 

recognition which results in a pattern of fixation on the eyes (Wolf et al., 2016). 

The strong connection between the amygdala, vmPFC, and several other brain regions 

also helps provide some insight into the current findings. Similar to fMRI BOLD signals, 

decreases in O2Hb relative to the resting baseline may suggest localised neural deactivation 

(Sakatani et al., 2006). Prefrontal hypoactivation could indicate increased functional activity in 
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other, especially adjacent, regions of the brain (Ravicz et al., 2015). Several studies have 

identified increased O2Hb concentration outside of the PFC during emotion perception using 

fNIRS (Di Lorenzo et al., 2019; Ichikawa et al., 2014; Nakato et al., 2011; Schneider et al., 

2014). Researchers have used fMRI to identify several regions involved in emotional perception, 

including the bilateral amygdala, left medial temporal lobe, right anterior cingulate, fusiform-

extrastriate cortices, anterior cingulate gyri, and supermedial pre-frontal cortices (Azuma et al., 

2015; Hattingh et al., 2013). A reasonable justification for the hypoactivation in the mPFC during 

emotion recognition is that O2Hb flows away from the anterior PFC towards these other more 

crucial brain regions. Research by Pfurtscheller et al. (2010) examined mental arithmetic using 

fNIRS and found O2Hb increases in the bilateral dlPFC in parallel with decreases in the mPFC. 

Likewise, Lu et al. (2019) used a facial expression perception task and found increase activity in 

the left mPFC alongside decreased activity in the pre-motor areas. These studies provide further 

support for the theory of focal activation and adjacent region deactivation.  

Our results are consistent with previous research by Gruber et al. (2019), Hirata et al. 

(2018), Ieong and Yuan (2018), Manelis et al. (2019), and Ravicz et al. (2015) in showing a 

reduction in prefrontal activity during emotion recognition. For example, Manelis et al. (2019) 

found decreased activity in the dlPFC in patients with MDD, bipolar disorder, and healthy 

controls who were tasked to rate the emotional intensity of a facial expression. Likewise, using 

fNIRS, Ieong and Yuan (2018) found reduced activity in the mPFC during emotion recognition 

among nicotine-dependent and healthy adults. Contrastingly, several studies have also reported 

increased activity in the PFC during emotion recognition (Egashira et al., 2015; Fox et al., 2013; 

Lu et al., 2019; Nishitani et al., 2011). For example, Hosokawa et al. (2015) found increased 

O2Hb in the PFC during emotion recognition among healthy adults and those at risk of autism. 
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Likewise, Roos et al. (2011) reported increased activity in the PFC during emotion recognition of 

fearful facial expressions. 

It is common for findings to be inconsistent and often contradictory in neuroimaging and 

lesion studies of emotion recognition (Wolf et al., 2016). Some researchers have proposed that 

these discrepancies might have stemmed from heterogeneities in paradigms or patient samples 

(Stuhrmann, Suslow, & Dannlowski, 2011; Wolf et al., 2016). In light of recent neuroimaging 

discoveries, investigators argue that different neural systems are involved depending on the type 

and intensity of emotion stimuli or events (Gazzaniga & Ivry, 2013). With the help of machine-

based learning, recent neuroimaging studies have revealed that discrete emotional states activate 

different neural networks (Chang et al., 2015; Kragel & LaBar, 2016). For example, facial 

expression recognition studies have highlighted the amygdala as a key region in the processing 

of fearful stimuli, while lesion studies have suggested that the vmPFC plays a crucial role in 

processing displays of anger (Wolf et al., 2016). Further support for the differing patterns of 

activation across types and intensities of emotional expressions has also been found in the fNIRS 

literature. Krol, Namaky, et al. (2019) found that O2Hb increased in the right PFC during 

recognition of fearful or happy stimuli but decreased during the presentation of angry faces. 

Furthermore, Rodrigo et al. (2016) reported that there were increases in O2Hb in the right mPFC 

and decreases in the left mPFC during emotion recognition of fearful faces. Collectively, these 

findings suggest that discrepancies in the generality of functional activity may occur owing to 

variations in paradigms and separate neural networks for processing different emotional states.  

Previous research has established that fNIRS can detect variations in neural activity 

stemming from discrete emotions. Nonetheless, few studies have examined the effect of 

emotional expression intensity on prefrontal activation. Although discrete emotion could not be 
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isolated in the current study due to technical limitations with fNIRS, the Megamix edition of the 

EK60F was selected to investigate the effects of emotional intensity of facial expressions. By 

expanding on the experimental tasks often used in studies of emotion recognition, our objective 

was to identify one of the potential causes of inconsistency among prior research and further our 

understanding of the neural substrates of emotion processing.  

The Intensity of Emotional Expression. The findings demonstrated that the subtlety of 

facial expressions had an impact on functional activity in the vmPFC. Specifically, stimuli 

displaying more ambiguous expressions of emotion produced greater decreases in O2Hb 

concentrations. These findings support our hypothesis and are consistent with previous research 

by Nishikawa et al. (2015), who examined emotional facial recognition at four levels of 

intensity: very clear (100%), clear (50%), less clear (35%) and ambiguous (20%).  Similar to our 

findings, Nishikawa et al. (2015) reported that ‘less clear’ and ‘ambiguous’ expressions of 

emotion resulted in greater changes in O2Hb when compared to the ‘clear’ condition. This 

greater prefrontal hypoactivation during recognition of ambiguous emotions, compared to those 

that are clearer, may be explained by increased O2Hb demands in other interconnected regions of 

the brain. As discussed previously, researchers have identified a network of functionally 

connected regions involved in emotion perception, including the amygdala, medial temporal 

lobe, fusiform-extrastriate cortices, anterior cingulate gyri, and prefrontal cortices (Azuma et al., 

2015; Hattingh et al., 2013). Thus, increased activation in other, especially adjacent, regions of 

the brain may be responsible for the decrease activation in the PFC (Ravicz et al., 2015). 

Nonetheless, further research is needed to test this theory using neuroimaging techniques which 

are better suited to access deeper brain structures. 
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Several neuroimaging and lesion studies have provided support for the theory of focal 

activation and adjacent region deactivation by demonstrating that the amygdala is heavily 

involved in making judgements about the ambiguity of emotions (California Institute of 

Technology, 2017; Somerville et al., 2011). Therefore, as emotions become more ambiguous to 

recognise, there is an increase in activation in the amygdala and subsequent decrease in 

prefrontal activity. Overall, the present study adds to the growing literature linking the vmPFC 

with emotional recognition of facial expressions and suggests that emotional intensities of facial 

expressions can influence neural activation. These finding also suggest that the discrepant 

activation found among previous studies may stem from variations in the emotional intensity of 

stimuli. These findings may guide future research by suggesting that studies should avoid 

emotion-based tasks which evoke low levels of processing, such as passive view tasks or stimuli 

that are common and predictable. Nonetheless, further research is needed to delineate stronger 

conclusions about the precise impact of emotional intensity on function activity in all regions of 

the brain. 

Emotion Regulation 

Consistent with our hypotheses, significant increases of O2Hb were observed in the 

lateral PFC during emotion regulation compared to the resting baseline. Nonetheless, contrary to 

our expectations, these changes were only found during the presentation of negative stimuli. One 

possible explanation for these findings is that the lateral PFC might play a role in decreasing 

activity in the emotional centres of the brain during emotional regulation. Therefore, from an 

evolutionary perspective, cortical activation is higher during the regulation of negative stimuli 

because more cognitive control is needed to suppress potential threats which pose a risk to our 

survivability (Dieler et al., 2010). Evidence to support this theory comes from fMRI studies 
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which have found greater increases in limbic system activity during the experience of negative 

emotions, especially in the amygdala during fear exposure (Anderson & Green, 2001; Dieler et 

al., 2010). These findings suggest that, during negative emotional experiences, there are greater 

demands on the cortical regions responsible for the suppression of subcortical activity.  

Several previous studies further corroborate these findings and provide support for the 

capacity of fNIRS to measure prefrontal activity during emotional regulation (Holper et al., 

2016; Honda et al., 2018; Tupak et al., 2014). For example, Dieler et al. (2010) used a Think/No-

Think paradigm to examine the regulation of emotional words and found stronger patterns of 

activation in the dlPFC and vlPFC during the suppression of negative words compared to 

positive or neutral words. Likewise, Honda et al. (2018) presented participants with a series of 

disgust-evoking videos and found increased activity in the left PFC during the suppression of 

facial expressions. Using an Emotional Stroop task, Holper et al. (2016) also found increased 

activity in the dlPFC and middle temporal gyrus during the negative condition compared to a 

neutral control condition.  

Comparisons with neutral control conditions enabled us to disentangle emotion 

processing-related changes in prefrontal activation from the task-related neurocognitive 

influences. Our results showed that, although there was a significant increase in O2Hb in the 

right vlPFC during the regulation of negative stimuli, no significant changes in activation were 

found in other regions when comparing between the negative and neutral conditions. On the 

contrary, when comparing negative regulation to the resting baseline, significant changes were 

observed in the vlPFC and dlPFC across both hemispheres. These findings may indicate that the 

activity measured in the left hemisphere and right dlPFC are substrates of neurocognitive 

processes relating to general cognitive control rather than specifically relating to emotional 
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regulation. Nonetheless, as significant changes were found in the right vlPFC when comparing to 

both the resting baseline and neutral control conditions, it is reasonable to suggest this region 

plays a role in the emotional regulation of negative stimuli as has been commonly found in the 

literature (He et al., 2018). 

The increased activity in the right vlPFC during negative regulation is also consistent 

with the predominant theories of hemispheric asymmetry. According to the right hemisphere 

hypothesis, activation in the left hemisphere may function only to regulate the intensity of 

activation in the dominant right hemisphere, whereby overactivation is associated with negative 

experiences and under-activation is associated with positive experiences. Therefore, the 

activation seen in the left lateral PFC when compared to a resting baseline may reflect control 

processes of the right hemisphere. Meanwhile, the activation seen in the right lateral PFC when 

comparing to both baseline and neutral conditions reflects the processing of negative emotions. 

Furthermore, the lack of activity during positive regulation may indicate that fNIRS does not 

have the sensitivity to detect the weaker activation associated with positive emotions. The results 

also align well with the valence hypothesis of hemispheric asymmetry because increased activity 

in the right vlPFC was found during negative regulation and, owing to the potential lack of 

fNIRS sensitivity, no change in activity was found in the left hemisphere during positive 

regulation. Taken together, these findings suggest that cognitive tasks assessing the regulation of 

negative emotions can be detected using fNIRS and that the right vlPFC may be a potential 

neural substrate of negative emotional regulation which can be detected using fNIRS. 

Emotion Experience 

Although several areas of the PFC were found to activate during emotional regulation, 

the results from the current study revealed no significant changes in O2Hb during the experience 
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of emotion compared to either a resting baseline or neutral control condition. Consistent with 

these findings, Huang et al. (2017) used a similar viewing and rating task of IAPS stimuli and 

found no significant changes in O2Hb with a LABfNIRS (Shimadzu, Japan) system. Likewise, 

Matsuo et al. (2003) and Piper et al. (2015) found no significant changes in prefrontal O2Hb 

during emotional rating tasks with video stimuli. According to the dual-process modal, there are 

two distinct neural pathways for processing of emotion depending on the amount of cognitive 

involvement. Referred to as the ‘low road’, one pathway bypasses the cortex going directly from 

the thalamus to the amygdala without being filtered by consciously controlled cognition 

(Gazzaniga & Ivry, 2013). The other, referred to as the ‘high road’, projects from the thalamus to 

the PFC before ending in the amygdala. The ‘high road’ pathway is significantly slower but 

involves a more thorough cognitive analysis (Gazzaniga & Ivry, 2013). As the experience 

condition simply involves the passive viewing of emotional stimuli, there is much lower 

cognitive demand and subsequent less involvement of the PFC. Emotional regulation, on the 

other hand, requires cognitive control of emotion and thus results in higher activity in the PFC. 

Neuroimaging studies have provided support for this theory by showing that the amygdala and 

striatum are largely responsible for the more automated emotion processing while the PFC is in 

command of the cognitively controlled emotion (Ernst et al., 2013). 

There has been an abundance of prior fNIRS studies which have provided contradictory 

findings by suggesting that concentrations of O2Hb increase in the PFC during emotional 

experience (Balconi et al., 2014; Balconi et al., 2017; Bigliassi et al., 2015; Brugnera et al., 2016; 

Heger et al., 2014; Xin Hu et al., 2019; Kida et al., 2014; Ohtani et al., 2005; Watanabe et al., 

2011). However, many of these prior studies have only compared activation to a simple resting 

baseline period, which is problematic because it fails to control for possible neurocognitive 
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influences. Without a cognitively matching neural control condition, the comparisons presented 

in these earlier studies need to be interpreted with caution because it can be expected that much 

of the significant activation detected likely stems from unrelated neurocognitive processes, such 

as selective attention, visual perception and working memory. 

Another possible interpretation as to why previous findings are not in line with our results 

relates to the size of the sample used in previous studies. Many studies with conflicting findings 

recruited less than 30 participants and several failed to recruit more than 15 participants. A recent 

statistical power analysis using a two-tailed t-test between means with 80% power and an alpha 

of 0.05 (detailed in the previous chapter) found that the minimum sample size for studies of 

emotional experience should be greater than n = 79 (Westgarth et al., 2021). The low statistical 

power among many of these prior studies with small sample sizes may have contributed to the 

occurrence of Type 1 errors. The larger sample size (n = 80) in the present study was 

advantageous because it allowed for more precise estimates of mean values, provided a smaller 

margin of error, and had greater representativeness and generalisability (Biau et al., 2008). 

Furthermore, unlike previous studies which recruited entirely from student or patient 

populations, this study recruited from various avenues, including online social media and 

advertisement flyers. Therefore, although our sample is far from representative, it is an 

improvement on the samples recruited in prior studies. 

Gender Differences  

Although gender differences in O2Hb changes were not found for the experience or 

regulation of positively or negatively valenced emotional stimuli, significant differences were 

found between males and females with regards to emotion recognition. Specifically, female 

participants displayed larger reductions in O2Hb in the dmPFC and right dlPFC compared to 
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males. These findings are consistent with our hypothesis and supported by previous research 

(Hall et al., 2004; Marumo et al., 2009; McClure et al., 2004). Several studies using fNIRS have 

found that females display greater brain activation in the vlPFC during emotional activation, 

especially for negative experiences (Bigliassi et al., 2015; Marumo et al., 2009; Yang et al., 

2007). Furthermore, research into behavioural performance has suggested that females recognize 

emotional faces better than males (Abbruzzese et al., 2019). These findings might reflect a 

gender difference in emotion perception, whereby females exhibit more pronounced O2Hb 

changes in the right lateral PFC. These findings are consistent with the right-hemisphere 

hypothesis, which postulates that the right hemisphere is dominant for the perception of emotion, 

irrespective of the valance (Marumo et al., 2009). As females are more sensitive to emotional 

information, these results lead to the possibility that, with further investigation, fNIRS might 

play a role in the development of gender-specific diagnosis and treatment of psychological 

conditions characterized by emotion processing impairments. 

Implications for Future Research and Clinical Practice 

Advances in neuroimaging have provided researchers with the opportunity to measure the 

biological characteristics of the brain non-invasively. The ultimate goal for this line of research is 

to identify biomarkers which could be used in the detection, treatment and monitoring of 

emotion processing impairments (Gagnon & Macnab, 2005; Woo & Wager, 2015). Nonetheless, 

established neuroimaging techniques are impractical for use in clinical settings owing to high 

associated costs, required technical proficiency, and demand on limited resources. fNIRS has 

been proposed as a suitable technique for biomarker screening and treatment monitoring as it is 

cost-effective, makes data collection of large samples more achievable, and is favourable in the 

study of otherwise difficult populations owing to the reduced psychological discomfort and 
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flexibility of head movement. The early detection and treatment of psychological impairments 

are of particular importance as research has shown that the sooner treatment is provided, the 

more likely a person is to have favourable outcomes (Barlati et al., 2013; Grant et al., 2017; 

Zwaigenbaum et al., 2015). 

Before fNIRS can be considered for use in clinical practice, candidate biomarkers 

associated with normal cognitive function first need to be identified, and the capacity of fNIRS 

to measure them accurately and reliably needs to be established (Manelis et al., 2019). Towards 

this goal, a systematic review of studies using fNIRS to measure activation during emotion 

processing was conducted, and several potential biomarkers were identified (Westgarth et al., 

2021). However, findings between the reviewed studies were inconsistent owing to 

heterogeneities in paradigms or patient samples (Stuhrmann, Suslow, & Dannlowski, 2011; 

Richard C. Wolf et al., 2016). The current study aimed to resolve some of the inconsistency and 

better establish the capacity of fNIRS for detecting activation during emotion processing. The 

findings highlighted two promising biomarker candidates: hypoactivity in the vmPFC during 

emotion recognition and hyperactivation in the right vlPFC during emotional regulation. Further 

studies are needed to replicate these findings and verify the accuracy and reliability of measuring 

these candidate biomarkers with fNIRS. 

 Although this study provides some support in favour of using fNIRS to detect candidate 

biomarkers, future research will need to examine whether there are detectible differences in 

prefrontal activation between healthy controls and people with cognitive impairments, before 

fNIRS can be considered as a potential tool for clinical use. The findings from the current study 

should guide future research in several ways. First, studies investigating emotion processing in 

the PFC should avoid using passive experience tasks or obvious and positively valanced stimuli, 
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as these may not provide enough cognitive demand in participants for fNIRS to reliably detect 

changes in activation. Second, studies should include a neutral control task as a comparison 

condition to isolate the effect of emotion processing and prevent neurocognitive influences from 

contaminating the results. Finally, researchers should examine discrete emotions separately, 

where possible, to ensure findings are not weaken by competing neural networks.  

Limitations and Future Prospects 

One of the main limitations with fNIRS is that is has an inability to measure activity 

deeper than cortical surface tissue. Thus, conclusions drawn from the results of this study should 

be interpreted cautiously. Although changes in prefrontal activity might be associated with 

activation in other regions of the brain, these predictions cannot be confirmed without measuring 

the other regions, a task which is not possible for fNIRS in the case of deeper brain structures. 

Future research would benefit from examining deeper regions of the brain simultaneously using 

a combination of neuroimaging techniques to help elucidate the time course of neural networks 

responsible for emotion processing. Furthermore, unlike fMRI, fNIRS does not produce 

structural images of the brain which can make the mapping of neural activity against brain 

regions problematic (Plichta et al., 2011). Although the anatomical mapping in our study was 

carefully selected based on 3D digitization and comparison with prior research, the defined 

regions of interest are only approximations and should be interpreted with caution.  

Although attention was given during pre-processing of the fNIRS data to remove noise 

from physiological functions, the present study did not measure heart rate, respiration, eye 

blinking, perspiration, or head motion. A study by Takahashi et al., (2011) showed that fNIRS 

channels covering the lower parts of the forehead were prone to artifacts caused by changes in 

skin blood flow and results obtained from these measurement sites should be interpreted 
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carefully. Nonetheless, a previous study by Critchley et al. (2005) found that heart rate changes 

during a cognitive task had almost no influence on prefrontal activity. Although the researchers 

in the present study kept a manual record of any major movements, for instance stretching or 

sneezing, future studies would benefit from monitoring physiological functions which 

extraneously influence O2Hb concentrations in order to reduce the amount of unrelated noise. 

As these finding stem from two novel tasks of simple visual modality, it is possible that 

the tasks were not cognitively demanding enough or imposed an unrelated cognitive load, such 

as memory or attention. For example, it is possible that the presentation of instructions (i.e., 

“experience” or “reappraise”) during the baseline period could have inadvertently influenced 

brain activity by pre-empting the task to be undertaken. Furthermore, no manipulation check was 

administered, so there was no way to confirm whether participants followed the instructions. As 

such, the lack of O2Hb change during emotion experience may indicate that the passive viewing 

of static images was insufficient to induce emotional states or that the baseline was contaminated 

with unintended cognitive activity. Although the arousal ratings of stimuli were matched across 

valance categories, comparison of arousal levels fell outside the scope of this study due to the 

valence-based block design. Therefore, it is unclear whether O2Hb changes would have been 

observed during emotion experience if more arousing stimuli had been used or the priming 

words had not been presented during the baseline. It was also difficult to compare the ratings for 

‘experience’ and ‘reappraise’ conditions because different stimuli were used for these conditions. 

Future research would either need to use the same pictures for ‘experience’ and ‘reappraise’ or 

randomly assign pictures to ‘experience’ and ‘reappraise’ for each participant.  

The generalisability of the sample and tasks were another limitation of the current study. 

The stimuli used in both emotion processing tasks were static images depicting distinct core 
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emotions. Furthermore, the participants were anticipating and consciously attending to the 

stimuli. Therefore, these tasks may not reflect real-world emotional experiences. In reality, facial 

expressions tend to be more fluid, rapid, and often involve complicated combinations of 

emotional states or complex emotions, such as jealousy or love, which are not as easily or 

universally recognised. Additionally, a large proportion of the participants were undergraduate 

university students studying a degree in psychology, which limits our ability to generalise the 

findings to a broader population. The homogeneity in the educational attainment may have 

restricted the range on measures of cognitive ability, thereby limiting the association between 

cognitive performance and functional activity in the PFC.  

Finally, the participants did not undergo any clinical assessment to determine their mental 

health. The participants were deemed as healthy controls based on self-report measures. 

Therefore, we were unable to confirm that the participants were free from psychological disorder 

or neurological illness. Future studies could undertake more thorough clinical assessments to 

determine the mental health status of participants. 

Conclusion 

Owing to the well-established association between emotion processing and functional 

outcomes, the early diagnosis and treatment of such deficits are a high priority for researchers. fNIRS 

has been proposed as a potential tool for biomarker screening and treatment modification owing to 

several ecological advantages. The present study aimed to investigate the capacity of fNIRS to detect 

prefrontal activation during three domains of emotion processing, and to examine the effects of 

gender and emotional intensity of stimuli on PFC activity. Overall, the results showed discovered 

hypoactivation in the mPFC during emotional perception, hyperactivation in the right vlPFC during 

negative emotional regulation, and no significant differences in O2Hb during emotional experience. 

These findings indicate that fNIRS has the capacity to detect activation in parts of the PFC during 
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emotion processing which might serve as candidate biomarkers for related impairments. Negatively 

valanced and ambiguous stimuli were also found to elicit the greatest change in activation, especially 

among female participants. It is possible that, with further research, fNIRS may be able to use 

biomarkers in the diagnosis, monitoring, and treatment of emotion processing impairments. 

Nonetheless, future studies, guided by our findings, first need to examine differences in activation 

between clinical groups and healthy controls to ascertain potential biomarkers. 
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Abstract 

Schizophrenia is one of the most debilitating psychiatric disorders in the world, and it has 

adverse effects on the cognitive ability and community functioning of people with the condition. 

Neuroimaging measures of prefrontal activation during emotion processing has been suggested 

as a way to identify those with high schizotypy who are at risk of progressing to schizophrenia. 

Near-infrared spectroscopy is proposed as an alternative to other neuroimaging techniques owing 

to several advantages. This study aimed to elucidate the association between schizotypal traits 

assessed with the Schizotypal Personality Questionnaire (SPQ) and prefrontal activation patterns 

during emotion processing as measured by fNIRS. Eighty healthy young adults (Mage = 20.5 

years, SD = 3.66) were recruited and split by the median of the total SPQ score (median = 2.44) 

into high (n = 40) and low (n = 40) schizotypy groups. Prefrontal activation was measured using 

fNIRS when participants were required to recognize emotional facial expressions and cognitively 

reappraise emotion-inducing images. The high SPQ group showed greater deactivation in the 

mPFC during emotion recognition and less activation in the left lateral PFC during emotional 

regulation of positive stimuli. These findings establish the capacity of fNIRS for detecting 

differences in prefrontal activation during emotional recognition and regulation between people 

with high and low schizotypy. These findings have implications for the early diagnosis, 

monitoring and treatment of schizophrenia spectrum disorder.   

 

 

 

 

 



      276 

Chapter 8: Near-infrared Spectroscopy Reveals Altered Prefrontal Activation during 

Emotion Processing in Individuals with Schizotypy 

Affecting approximately 1% of the population, schizophrenia is one of the most 

debilitating psychiatric disorders in the world, causing adverse consequences for people with the 

condition, their relatives and society in general (McGrath et al., 2008; Modinos et al., 2009). 

People with schizophrenia have to contend with reduced cognitive functioning, impaired social 

competence, and poor quality of life (Fett et al., 2011; Green & Harvey, 2014; Green et al., 

2012). Schizophrenia is associated with an approximate 80% reduction in employment rates and 

30% less living independence; therefore, direct expenditure on healthcare and indirect costs from 

loss of work productivity both contribute to the broader societal burden (Ettinger et al., 2014; 

World Health Organisation, 2008). Although the etiology and symptomology vary depending on 

the individual, schizophrenia typically emerges in adolescence or early adulthood and is 

characterised by a long duration of bizarre delusions, negative symptoms, and affective 

symptoms (van Os & Kapur, 2009).  

Schizotypy encompasses a set of temporally stable behavioural, cognitive and affective 

personality traits which resemble a less pronounced expression of the disturbances of 

schizophrenia (Green, Boyle, et al., 2008; Hori et al., 2008). By researching schizotypy, 

investigators are able to control for confounding variables that otherwise cannot be removed in 

the study of schizophrenia, including long-term medication effect, comorbid illnesses, and 

participation in psychological interventions (Wang et al., 2015). Similar to schizophrenia, 

schizotypy traits can be divided into three dimensions: cognitive-perceptual, interpersonal, and 

disorganisation (Green et al., 2015; Modenato & Draganski, 2015). Cognitive-perceptual 

features, commonly referred to as positive symptoms, include mild delusions and hallucinations, 
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usually presented in the form of magical thinking or paranoia ideation (Ettinger et al., 2015; 

Raine, 2006). Interpersonal features, typically called negative symptoms, are characterised by 

social withdrawal, flattened affect and reduced cognitive functioning (Ettinger et al., 2014). 

Disorganisation, commonly termed disorganised symptoms, involve unusual patterns of 

behaviour and speech, such as odd rambling (Green et al., 2015). Evidence suggests these three 

dimensions are reliable, temporally stable, and invariant to gender, ethnicity, religion and 

intelligence (Gross et al., 2012; Mason & Claridge, 2006; Reynolds et al., 2000). 

Deficits in emotion processing are thought to underlie negative symptoms, such as flat 

affect and anhedonia, which are often regarded as the most pervasive and persistent impairments 

with the greatest impact on functional outcomes (Couture et al., 2006; Oorschot et al., 2013). 

Consequently, researchers have directed their attention to finding effective psychological and 

pharmacological treatments aimed at social cognitive improvement (Bell et al., 2014; Lin Gao et 

al., 2019). Although pharmacological treatments have been found to be effective in managing 

cognitive-perceptual symptoms of schizophrenia, evidence suggests they only have a modest 

impact on negative symptoms and community functioning (Grant et al., 2017; Murray et al., 

2016; Swartz et al., 2007). On the other hand, a meta-analysis by Kurtz et al. (2016) examined 

the effectiveness of social cognitive training programs and found sizable improvements for 

interventions targeting emotion processing and theory of mind (ToM) and moderate 

improvements for social perception and attribution style. Another meta-analysis by Fiszdon and 

Reddy (2012) examined the effectiveness of psychosocial training programs on functional 

outcomes in people with psychosis and found substantial improvements in core social cognitive 

processes, including emotion recognition and social perception, but only limited improvement in 

complex processes, such as ToM and attribution style. Taken together, these findings suggest that 
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cognitive remediation and social skills training are useful for improving social cognition among 

those with schizophrenia spectrum disorders, especially in lower-order processes, such as 

emotion processing (Cella et al., 2015; Peyroux & Franck, 2016). 

Schizophrenia spectrum disorders are often characterised by progressive deterioration 

with the decline of social function emerging early in illness onset (Häfner & Maurer, 2006). 

Therefore, the early diagnosis and pre-emptive treatment of schizophrenia spectrum disorders is 

critical to prevent or postpone illness onset, reduce the severity of symptoms, or at the very least 

ameliorate the social consequences (Bechdolf et al., 2005; Lewis et al., 2002; McGorry et al., 

2002). Current diagnostic tools for the early screening of schizophrenia, such as clinical 

interviews, rely on initial deterioration and noticeable dysfunction, indicating that increasing 

diagnostic accuracy can only be obtained at the cost of delaying treatment; therefore, these 

assessment methods are helpful but not sufficient for early detection (Häfner & Maurer, 2006; 

Koike et al., 2011). It would be unethical for early diagnosis to be prioritised over accuracy 

owing to the increased probability of premature and unnecessary treatment leading to possible 

stigma, distress, and resource allocation (McGorry et al., 2001; Warner, 2001). Consequently, 

investigators are searching for candidate biomarkers, primarily through the use of neuroimaging, 

which could potentially be used to detect those at high-risk of developing schizophrenia, both 

accurately and early in illness progression (Falkai, 2011; Hallak et al., 2015; Kambeitz et al., 

2015). Although fMRI and PET studies have identified several brain regions of abnormal 

activation among high-risk individuals, these neuroimaging techniques are not currently used in 

clinical practice largely as a result of their high associated costs, technical requirements and 

burden to patients (Fornito et al., 2008; Koike et al., 2011; Koutsouleris et al., 2009).  
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Near-infrared spectroscopy (fNIRS) is an emerging neuroimaging technique which 

measures haemodynamic changes in cortical tissue as an indicator of neural activity (Boas et al., 

2004; Tian et al., 2009). Operating in relation to the haemodynamic response, fNIRS capitalises 

on the changing optical properties in cortical tissue by emitting near-infrared light into the 

cortex, whereby it is either absorbed, scatter or reflected, and detecting the amount of light which 

is redirected back towards the skull (Irani et al., 2007). The level of oxygenation determines the 

absorption properties of haemoglobin, with activated brain regions absorbing more light owing 

to the higher O2Hb levels (Fekete et al., 2014). fNIRS has been suggested to be a valuable tool in 

researching schizophrenia spectrum disorders owing to several advantages it holds over other 

neuroimaging techniques. fNIRS is more cost-effective, more portable and can be used in more 

diverse environments such as in patients’ homes, has high ecological validity in that it is able to 

be used in natural environments, and is less susceptible to data corruption from participant head 

movement (Fekete et al., 2014; Irani et al., 2007; Suda et al., 2010). Nonetheless, fNIRS cannot 

be considered for diagnostic or treatment monitoring purposes until its capacity for identifying 

differences between individuals with high and low schizotypy is assessed and found to be 

sensitive and reliable. 

The aim of the present study was to elucidate the possible association between 

schizotypal traits assessed with the Schizotypal Personality Questionnaire (SPQ) and prefrontal 

activation patterns during emotion processing tasks as measured by fNIRS. This is the first study 

to investigate fNIRS measured differences in prefrontal activation during emotional experience 

and emotional recognition between people with high and low schizotypy, as well as the first to 

investigate fNIRS measured difference in prefrontal activity during emotional regulation using 

an antecedent-focused regulation strategy. The findings should help elucidate the capacity of 
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fNIRS for detecting differences in prefrontal activation during emotion processing between 

people with high and low schizotypy, which may have future implications for the diagnosis and 

treatment of schizophrenia spectrum disorders. 

Although fNIRS has not yet been used to investigate emotional experience in people with 

high schizotypy, behavioural and fMRI studies have suggested that the experience of emotion is 

mostly intact among schizophrenia populations (Cohen & Minor, 2010; Dowd & Barch, 2010; 

Green et al., 2015; Kring & Elis, 2013). Meta-analyses have found no significant differences in 

the brain regions typically associated with emotional experience between individuals with 

schizophrenia and healthy controls (Delvecchio et al., 2013; Green et al., 2015; Kring & Elis, 

2013). Research seems to suggest that the symptoms of anhedonia and affective flattening relate 

more to alexithymia and diminished emotional expression, rather than impairments in emotional 

experience (Kring & Elis, 2013; Martin et al., 2019; Trémeau, 2006).  Based on these findings, it 

was hypothesised that the high and low schizotypy groups would show similar prefrontal O2Hb 

during emotional experience. 

One study has used fNIRS to investigate emotional regulation in schizotypy and found 

that, compared to low subclinical psychotic symptoms, individuals with higher symptoms had 

reduced activity in the dlPFC and middle temporal gyrus during controlled emotional 

interference (Holper et al., 2016). These findings are also consistent with an fMRI study by 

Mohanty et al. (2005) who reported decreased activity in the left dlPFC among those with higher 

schizotypy during an emotional Stroop task. Other fMRI studies have found increased activity in 

the amygdala among those with higher schizotypy, as well as abnormal functional connectivity 

between the amygdala and PFC (Mohanty et al., 2005; Mukherjee et al., 2016). Therefore, since 

the PFC modulates amygdala activity to accomplish top-down regulation of emotion, it seems 
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schizotypy is associated with a breakdown in the connectivity between these regions that 

impedes the PFC from modulating the amygdala activity as it otherwise would in healthy 

controls (Y. Wang et al., 2018). Based on these findings, it was hypothesised that people with 

high schizotypy would show lower activation in the PFC compared to those with low schizotypy 

during the regulation of emotion. 

Previous fMRI studies of emotion recognition have identified several structural and 

functional brain abnormalities in patients with schizophrenia, including reduced volume in the 

frontal lobe, amygdala, superior temporal gyrus and hippocampal region, and decreased 

activation in the amygdala, PFC, fusiform gyri, insula, and the middle and inferior frontal gyri 

(Huang et al., 2013; Johnston et al., 2005; Li et al., 2010; Modinos et al., 2017; Szabó et al., 

2017). To date, few fMRI studies have investigated prefrontal activation differences during 

emotion recognition in schizotypy and none have implemented fNIRS. Nonetheless, Hori et al. 

(2008) used fNIRS to investigate verbal fluency among people with schizotypy and found that 

the high schizotypy group had significantly greater right prefrontal activity compared to the low 

schizotypy group. Likewise, Y. Wang et al. (2018) examined functional connectivity using fMRI 

during a facial emotion discrimination task in people with negative schizotypy (NS) and found 

that those with higher NS showed hyperactivity in the insula, middle frontal gyrus, putamen, and 

cingulate cortex when processing angry facial expressions, as well as reduced functional 

connectivity between the amygdala and PFC. Modinos et al. (2017) also used fMRI to measure 

corticolimbic response during emotion processing and found that high schizotypy individuals 

showed significantly greater activation in the caudate, ACC and insula, as well as marginally 

greater activity in the hippocampus, MPFC and putamen. Based on these findings, it was 
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hypothesised that individuals with high schizotypy would show a greater reduction in O2Hb 

during emotional facial recognition compared to those with low schizotypy. 

Methods 

Participants 

 The eighty healthy young adults (Mage = 20.48 years, SD = 3.66) recruited for Study 2 

were also used in the current study. All participants were native English speakers between 18 and 

32 years of age, with an estimated IQ above 85. Participants were excluded if they reported a 

psychological disorder or neurological illness, a first degree relative with schizophrenia, a 

prescription for antipsychotic or antidepressant medication, or history of traumatic brain injury, 

electroconvulsive therapy, alcohol abuse or substance addiction. The sample consisted of 59 

females (73.8%) and 21 males (26.3%), with a mean of 13 years completed education (SD = 

1.32). Estimated IQ scores ranged from 86-142 with a mean of 108.2 (SD = 11.29).  

The participants were classified into two groups based on the level of schizotypy. Similar 

to a study of verbal fluency by Hori et al. (2008), our sample was split by the median of the total 

Schizotypal Personality Questionnaire (SPQ) score (median = 2.44; Range = 1.03 - 4.22) into 

high (n = 40) and low (n = 40) schizotypy groups. A median split was deemed suitable due to the 

high reliability of the SPQ-BRU and normal distribution of the scores, and for its consistency 

with previous work and clarity of interpretation (DeCoster et al., 2011). A Histogram of SPQ-

BRU distribution is presented in Figure 8.1. Ethics permission to conduct the study was acquired 

from Griffith University (Reference number: 2018/421). Informed written consent was obtained 

from all participants at the time of their recruitment.  
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Figure 8.1. Histogram of SPQ-BRU distribution. 

 

Measures 

Schizotypal Personality Questionnaire – Brief Revised Updated (SPQ–BRU). 

Developed by Raine (1991), the SPQ is the most commonly used validated self-report instrument 

in schizotypy research, comprising 74 true-false items across nine domains. A revised and 

shortened version of the SPQ was developed by Cohen et al. (2010), consisting of 32 Likert-

scale items assessing the three higher-order schizotypy trait domains: cognitive-perceptual, 

interpersonal, and disorganised. Cohen et al. (2010) found that the brevity of the SPQ-BR was 

practically advantageous compared to the original full-length instrument, owing to lower rates of 

incomplete responses, being 5-10% and 20-25% respectively. Convergent validity has been 

demonstrated by negative correlations with various Quality of Life (QoL) measures (Cohen et 

al., 2010). High internal consistency was also found for each of the domains, with Cronbach’s 

alphas ranging from .80 to .91. Owing to findings which suggested that different pronouns had a 

confounding influence, Davidson et al. (2016) updated the SPQ-BR by changing the wording of 

all items to exclusively use first-person, resulting in the final SPQ-BRU. 
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 Ekman 60-Faces: Megamix Version (EK60F).  The EK-60F Megamix version was 

used to test recognition of six core emotions (anger, disgust, happiness, sadness, surprise and 

fear). Sixty facial stimuli depicted computer morphed pairwise continua between neutral and the 

six emotional expressions in 20% intervals (i.e., 10%, 30%, 50%, 70% and 90%), whereby the 

percentages indicated the degree of expression emotionality. A maximum score of 60 can be 

derived by summing the correct responses across the 60 trials. Detailed information about the 

stimuli and psychometric properties was presented in Chapter 6 on page 194. 

The International Affective Picture System (IAPS). An IAPS-based cognitive 

reappraisal task was used to examine emotional experience and regulation. Sixty emotion-

evoking images from the IAPS database were presented for 5 s each. Based on normative data, 

the stimuli were divided equally (n = 20) between positive, negative, and neutral valences. 

Participants were required to rate their subjective experience of the picture on a 9-point scale 

ranging from very unpleasant to very pleasant. Detailed information about the selected stimuli, 

psychometric properties, and task conditions was presented in Chapter 6 on page 195. 

Wechsler Abbreviated Scale of Intelligence (WASI-II). The WASI is a brief 

standardized measure of intelligence which provides an estimated IQ score for larger samples of 

participants when full assessment batteries are not feasible or necessary. Because IQ was only 

assessed for screening purposes, the two-subtest version was elected for this study. The two-

subtest version examines vocabulary and matrix reasoning but does not examine similarities or 

block design which are otherwise examined in the four-subtest version. Further information 

about the WASI-II is presented in Chapter 6 on page 197. 
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Equipment 

 Details about the Equipment have been outlined in Chapter 6 on page 198-199. 

Procedure 

The procedure for Study 3 is the same as presented in Study 2. Before attending a 

laboratory session, a detailed information pamphlet was provided to the participant, signed 

consent was obtained, and a questionnaire was completed. The participants were seated in a 

dimly lit room 1 m directly in front of a computer monitor and instructed to refrain from moving 

while the size and shape of their heads were measured using a 3D digitizer (FASTRAK 

Digitizing System, Polhemus). E-prime (Psychological Software Tools, USA) software was then 

used to present two cognitive tasks (IAPS and EK60F) in counterbalanced order, while the 

participant’s neural activity was monitored using fNIRS. Before each of the tasks, the probes 

connections were tests and adjusted if they failed to produce a strong enough signal, and the 

participants were provided with instructions (see Appendix J) and practice trials. 

Emotional experience and regulation were examined using a cognitive reappraisal task of 

IAPS stimuli based on a study by Winecoff et al. (2011). The participants were presented with 60 

pseudorandomised novel photographs drawn from the IAPS and instructed to use an appraisal 

strategy that involves thinking of themselves as an emotionally detached and objective observer. 

The participants were presented with 12 blocks, each consisting of a 25 s baseline period which 

involved a written cue on the screen instructing them to either ‘experience’ their emotions 

naturally or ‘reappraise’ their emotion using the detached observer strategy, and a 25 s task 

periods consisting of five pictures for 5 s each. Half of the blocks were allocated to the 

experience condition and the other half dedicated to the appraise condition. During each trial, the 

participants rated the valence of each image on a 9-point scale ranging from ‘very unpleasant’ to 
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‘very pleasant’ using buttons on a number-pad. This ensured the participants were actively 

paying attention to the stimuli during the regulation condition. 

Emotional perception was examined using the EK60F. Participants were presented with a 

25 s baseline period consisting of a white cross on a black background. After each baseline 

period, 60 faces displaying emotional expressions were presented pseudorandomly in 12 blocks. 

Each block lasted for 25 s and contained five images, each displayed for 5 s. Using mouse-clicks 

to select their response, the participants were required to identify which of six emotions (anger, 

disgust, happiness, sadness, surprise or fear) best described the displayed facial expression. The 

six emotion labels were displayed on-screen throughout the task period in a fixed order to avoid 

confusion. After completing both cognitive tasks, the fNIRS equipment was disconnected, and 

the participants undertook an estimated IQ assessment using the WASI-II. 

fNIRS Data Analysis 

 Details about the Analysis of fNIRS data have been outlined in Chapter 6 on page 200-3. 

Statistical Analysis 

Demographic characteristics, SPQ, emotion processing performance and fNIRS data 

were compared between the high and low schizotypy groups. The distribution of the data was 

tested for normality using the Kolmogorov-Smirnov test and Coefficients of Skewness. SPQ 

scores, regulation rating scores and recognition scores were found to be normally distributed, but 

not psychological distress, experience rating scores, or age. Where the assumption of normality 

was met, Pearson’s r was used to examine correlations and t-tests were used to compare group 

means. If the data was nonparametric, Spearman’s rho was used to examine correlations and the 

Mann-Whitney U test to compare means. All analyses were performed using the Statistical 
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Package for the Social Sciences version 25 (SPSS, Japan) and statistical significance was set at 

two-tailed p < .05. 

For the analysis of fNIRS data, O2Hb changes during the task were used as an outcome 

measure in statistical analyses. First, a three-way (3 x 6 x 2) repeated-measures ANOVA was 

used to examine the effect of two within-subject factors (valance and ROI) and one between-

subject factor (schizotypy group) on the dependant variable (O2Hb). Second, if there was a 

significant interaction between valance and group, repeated measures ANOVAs for each ROI 

were carried out, with one within-subject factor (valance) and one between-subjects factor 

(schizotypy group). Third, for the ROIs with a significant task by diagnosis interaction, separate 

AVOVAs were undertaken using one between-subjects factor (schizotypy group). For emotion 

recognition, a series of independent-samples t-tests were conducted to compare changes in O2Hb 

between people with high and low schizotypy. 

Results 

Demographic and Behavioural Data 

 The means and standard deviations for demographic characteristics and SPQ scores of 

participants stratified by high and low schizotypy groups can be found in Table 8.1. A series of 

independent sample t-tests were conducted to identify schizotypy group-related differences in 

demographic characteristics and test variables. The high and low schizotypy groups differed 

significantly in age (t = 3.61, p = .001, d = 0.79), education (t = 2.17, p = .03, d = 0.49), and, as 

expected, SPQ score (t = -12.13, p < .001, d = 1.98). These findings suggest that participants 

with higher schizotypy were typically younger, had fewer years of education, and greater 

psychological distress. No significant group differences were found for estimated IQ. 
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Table 8.1 

Demographic characteristics of the participants (n = 80) 

Region All 

participants 

Low SPQ 

(n = 40) 

High SPQ 

(n = 40) 

Analyses (low vs high) 

t value p value 

Age (years) 20.48 (3.66) 21.9 (3.99) 19.1 (2.69) 3.61** 0.001 

Estimated IQ 108.23 (11.29) 110.3 (11.73) 106.2 (10.57) 1.66 0.11 

Education (years) 12.96 (1.32) 13.28 (1.66) 12.65 (0.74) 2.17* 0.03 

SPQ scores 2.54 (0.79) 1.9 (0.44) 3.1 (0.49) 12.13*** > 0.001 

Note: Figures are means and standard deviations. * p < .05, ** p < .01, *** = p < .001. 

A series of independent sample t-tests were conducted to identify schizotypy group-

related differences in behavioural data across the task of emotion processing. The high and low 

schizotypy groups significantly differed in recognition accuracy (t = 3.71, p < .001, d = 0.83), 

and positive regulation scores (t = 2.94, p < .01, d = 0.44). No significant group differences were 

found for recognition reaction time, emotional experience, or regulation of negative or neutral 

stimuli. Table 8.2 outlines the group differences in behavioural data. These findings suggest that 

participants with higher schizotypy had poorer accuracy on the emotion recognition task and 

reported lower valance scores for the positive condition of the regulation task. 

 A one-way Analysis of Covariance (ANCOVA) was conducted to test for a statistically 

significant difference between high and low schizotypy groups on recognition accuracy while 

controlling for age and education. Levene’s test and normality checks were carried out and the 

assumptions were met. There was a significant difference in recognition accuracy between the 

high and low schizotypy groups, F(2, 78) = 8.84, p = .004, Ƞ2p = 0.11. The high schizotypy 

group (M = 56.53, SD = 8.46) had poorer recognition accuracy compared to the low schizotypy 

group (M = 63.05, SD = 9.62) while controlling for the conforming effect of age and education. 
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 A one-way ANCOVA was also conducted to determine the difference between high and 

low schizotypy groups on positive regulation scores while controlling for age and education. 

There was a significant difference in recognition accuracy between the high and low schizotypy 

groups, F(2, 78) = 6.06, p = .16, Ƞ2p = 0.08. The high schizotypy group (M = 5.45, SD = 1.56) 

had poorer regulation of positive stimuli compared to the low schizotypy group (M = 6.29, SD = 

1.21) while controlling for the conforming effect of age and education. 

Table 8.2 

Differences in mean behavioural performance and ratings between high and low SPQ groups 

Region All participants 

(n = 80) 

Low SPQ 

(n = 40) 

High SPQ 

(n = 40) 

Analyses (low vs high) 

t value p value 

Perception      

Accuracy 59.79 (9.77) 65.03 (8.46) 63.54 (9.62) 3.7*** < 0.001 

Reaction Time (ms) 1326.13 

(205.75)  

1362.72 

(256.81) 

1289.53 

(154.68) 

1.62 0.14 

Experience      

Positive 7.52 (1.04) 7.48 (1.09) 7.55 (0.99) -0.29 0.77 

Negative 2.19 (0.85) 2.56 (0.83) 2.11 (0.87) 0.75 0.46 

Neutral 4.68 (0.98) 4.83 (1.01) 4.53 (0.71) 0.96 0.44 

Regulation      

Positive 5.87 (1.47) 6.33 (1.21) 5.61 (1.97) 2.94** > 0.01 

Negative 2.51 (1.3) 2.67 (1.41) 2.34 (1.16) 1.16 0.25 

Neutral 3.97 (1.32) 4.05 (1.35) 3.88 (1.56) 1.01 0.31 

Note: Figures are means and standard deviations. * p < .05, ** p < .01, *** = p < .001. 
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SPQ-BRU was significant negatively correlated with recognition scores (r = -.46, p 

< .001), positive regulation scores (r = -.35, p < .001), and negative regulation scores (r = -.36, p 

< .001). No significant correlations were found for positive or negative experience. SPQ-BRU 

was also significant negatively correlated with age (r = -.48, p < .001). A scatter plot of SPQ-

BRU by age is presented in Figure 8.2. Table 8.3 provides a full list of correlations 

Table 8.3 

Correlation between SPQ scores and emotion processing performance and ratings 

 Age Recognition Positive 

Experience 

Negative 

Experience 

Positive 

Regulation 

Negative 

Regulation 

SPQ-BRU -.48*** -.46** .01 -.14 -.35** -.36** 

Cognitive-perceptual -.37*** -.43** .05 -.16 -.32** -.33** 

Interpersonal -.47*** -.35 .00 -.19 -.32** -.32** 

Disorganized -.41*** -.38** -.09 .01 -.17 -.24* 

Note: The levels of significance are indicated with * p < .05, ** p < .01, *** = p < .001. 

 

Figure 8.2. Scatter Plot of SPQ-BRU by Age. 



      291 

Emotion Perception 

An independent-samples t-test was conducted to compare changes in O2Hb during 

emotion recognition tasks between people with high and low schizotypy. There was a significant 

difference in O2Hb concentration in the vmPFC between the low schizotypy (M = -.0004, SD 

= .0053) and high schizotypy (M = -.0041, SD = .0047) conditions; t(55) = 2.73, p = .01, d = 

0.73. Therefore, the results indicate that people with higher levels of schizotypy tend to have 

greater reduction in O2Hb in the vmPFC during emotion recognition tasks. No significant 

differences were found between the low and high schizotypy groups in the right dlPFC, dmPFC, 

left dlPFC, right vlPFC or left vlPFC. Table 8.4 illustrates the O2Hb changes during emotion 

recognition compared to a resting baseline in the low and high schizotypy groups. 

Table 8.4 

Differences in O2Hb during emotion recognition between high and low SPQ groups 

Region Total SPQ 

(n = 80) 

Low SPQ 

(n = 40) 

High SPQ 

(n = 40) 

Analyses (low vs high) 

t value p value 

Right dlPFC 0.001 (0.003) -0.001 (0.003) 0.001 (0.003) -0.87 0.21 

dmPFC -0.002 (0.003) -0.002 (0.003) -0.001 (0.003) -1.39 0.16 

Left dlPFC 0.001 (0.003) -0.001 (0.003) 0.001 (0.003) -0.73 0.65 

Right vlPFC 0.001 (0.004) 0.001 (0.004) 0.001 (0.003) 1.07 0.07 

vmPFC -0.003 (0.005) -0.001 (0.005) -0.004 (0.005) 2.73** 0.01 

Left vlPFC 0.001 (0.004) 0.001 (0.004) 0.001 (0.003) 0.58 0.51 

Note: values are means (SD). 
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Association Between SPQ, age, and O2Hb Changes. Pearson’s correction coefficients 

were computed to evaluate the relationship between SPQ and O2Hb change during emotion 

recognition. There was a significant small-to-moderate negative correlation between O2Hb 

changes in the vmPFC and overall SPQ scores (r = -.33, p < .001), indicating that higher SPQ 

scores were related with lower changes in O2Hb during emotion recognition. No other significant 

correlations were found for the right dlPFC, dmPFC, left dlPFC, right vlPFC or left vlPFC. Table 

8.5 displays the correlation between O2Hb changes, SPQ and psychological distress, including 

all subdomains. 

Table 8.5 

Correlation between SPQ and O2Hb changes during emotion recognition 

 Right 

dlPFC 

dmPFC Left 

dlPFC 

Right 

vlPFC 

vmPFC Left 

vlPFC 

SPQ .07 .11 .10 -.13 -.33*** -.06 

Cognitive-perceptual .02 .14 .11 -.10 -.33*** -.05 

Interpersonal -.01 .00 .02 -.09 -.28** -.06 

Disorganized .07 .00 .04 -.11 -.17 -.04 

Note: The levels of significance are indicated with * p < .05, ** p < .01, *** = p < .001. 
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A multiple regression analysis was conducted to investigate whether SPQ and age could 

significantly predict O2HB changes in the vmPFC during emotion recognition tasks. The results 

indicated that the model explained 14.6% of the variance and was a significant predictor of 

emotion processing, F(2,77) = 6.6, p = .002. While SPQ (B = -.003, β = -.43, p = <.001) 

significantly contributed to the model, age did not (B = <.001, β = -.24, p = .05). The interaction 

between SPQ and Age was also non-significant (B = <.001, β = -.08, p = .47). These findings 

suggest that age is not an important covariate to the relationship between SPQ-BRU and O2HB 

changes in the vmPFC during emotion recognition. 

Emotion Experience 

 A 2 x 3 x 6 factorial ANOVA for repeated measures was calculated to examine the effect 

of schizotypy, emotional valence and ROI on O2Hb changes during emotion regulation. 

Schizotypy was the between-subject variable and included two levels (high x low), while valence 

and ROI were the within-subject variables with three (positive x negative x neutral) and six 

levels (Right dlPFC, dmPFC, Left dlPFC, Right vlPFC, vmPFC, Left vlPFC), respectively. 

Mauchly’s Test of Sphericity was statistically significant across all conditions, indicating that the 

assumption of sphericity was violated. Therefore, Greenhouse-Geisser correction was applied to 

the degrees of freedom. The results showed non-significant main effects or interactions of SPQ, 

valance and ROI at the p < 0.05 level. Therefore, there were no significant differences in O2Hb 

between the high and low SPQ group, irrespective of the emotional valence or ROI. A one-way 

ANCOVA was conducted to determine the difference in prefrontal O2Hb changes between high 

and low schizotypy groups while controlling for age and education. However, similar non-

significant findings were obtained. The AVOVA results are illustrated in Table 8.6. 
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Table 8.6 

Differences in O2Hb during emotion experience between high and low SPQ groups 

 Positive Negative Neutral Post hoc 

 F p F p F p  

Right dlPFC 0.17 0.67 0.63 0.43 0.11 0.31  

dmPFC 0.09 0.77 0.07 0.81 0.06 0.81  

Left dlPFC 0.12 0.73 2.32 0.13 0.11 0.63  

Right vlPFC 0.19 0.66 0.05 0.83 0.21 0.67  

vmPFC 0.67 0.81 0.08 0.78 0.51 0.71  

Left vlPFC 0.46 0.51 0.11 0.74 0.63 0.55  

Notes: L = low SPQ, H = high SPQ 

Emotion Regulation 

 A 2 x 3 x 6 factorial ANOVA for repeated measures was also calculated to examine the 

effect of schizotypy, emotional valence and ROI on O2Hb changes during emotion regulation. 

Mauchly’s Test of Sphericity was statistically significant across all conditions, so Greenhouse-

Geisser correction was applied to the degrees of freedom. The ANOVA revealed that O2Hb 

varied according to schizotypy, F(1, 79) = 5.81, p < .001, Ƞ2p = .07, valence, F(1, 79) = 2.84, p 

< .01, Ƞ2p = .06, and ROI, F(1, 79) = 5.87, p < .001, Ƞ2p = .07. The interaction between 

schizotypy and emotional valence was significant, F(1, 79) = 2.68, p  > .05, Ƞ2p = .03. As such, 

simple main effect analyses were carried out for each ROI. The analysis revealed a significant 

interaction between schizotypy and valence in the left vlPFC (F = 6.71, p = .01, Ƞ2p = 0.7) and 

left dlPFC (F = 4.57, p = .03, Ƞ2p = 0.6). Finally, a one-way ANOVA revealed that O2Hb in the 

left vlPFC varied according to SPQ in the positive valence condition (F = 5.24, p = .02), but not 
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in the negative (F = 0.92, p = .14) or neutral (F = 0.39, p = .55) conditions. Schizotypy was also 

found to vary in the left dlPFC in the positive condition (F = 4.97, p = .03.), but not in the 

negative (F = 0.15, p = .71) or neutral (F = 0.82, p = .37) conditions. 

Further post hoc analyses with Bonferroni adjustment showed that O2Hb changes in the 

positive valence condition were significantly greater for the low schizotypy condition (M = 

0.003; SD = 0.006) compared to the high schizotypy group (M = -0.001; SD =. 0.006) in the left 

vlPFC. Likewise, Bonferroni’s tests showed that O2Hb in the positive valence condition was 

significantly greater for the low schizotypy condition (M = 0.005; SD = 0.02) compared to the 

high schizotypy group (M = -0.01; SD = 0.03) in the left dlPFC. No other main effects or 

interactions were observed at the p < .05 level. Therefore, people with low schizotypy 

experienced greater activation in the left vlPFC and dlPFC during the regulation of positive 

stimuli compared to those with high schizotypy. The AVOVA results for differences between 

high and low SPQ are illustrated in Table 8.7.  

Table 8.7 

Differences in O2Hb during emotion regulation between high and low SPQ groups 

 Positive Negative Neutral Post hoc 

 F p F p F p  

Right dlPFC 1.86 0.18 0.43 0.52 2.12 0.14  

dmPFC 0.76 0.39 0.01 0.96 1.57 0.21  

Left dlPFC 4.97 0.03* 0.15 0.71 0.82 0.37 L > H 

Right vlPFC 1.76 0.19 0.48 0.49 0.28 0.59  

vmPFC 3.55 0.06 0.88 0.35 2.62 0.61  

Left vlPFC 5.24 0.02* 0.91 0.14 0.39 0.55 L > H 

Notes: L = low SPQ, H = high SPQ 
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Association Between SPQ and O2Hb Changes. Pearson’s correction coefficients were 

computed to evaluate the relationship between SPQ and O2Hb change during emotion regulation. 

There was a significant negative correlation between O2Hb changes in the left vlPFC and SPQ 

scores (r = -.31, p = .04), indicating that higher SPQ scores were related with lower changes in 

O2Hb during emotion regulation of positive stimuli. A significant negative correlation was also 

found between O2Hb changes in the left dlPFC and SPQ scores (r = -.28, p = .05), indicating 

that higher SPQ scores were related with lower changes in O2Hb during emotion regulation of 

positive stimuli. No other significant correlations were found. Table 8.8 displays the correlation 

between O2Hb changes and SPQ. 

Table 8.8 

Correlation between SPQ and O2Hb changes during emotion regulation 

 Right 

dlPFC 

dmPFC Left 

dlPFC 

Right 

vlPFC 

vmPFC Left 

vlPFC 

SPQ -0.01 -0.12 -0.28* -0.09 -0.08 -0.31* 

Cognitive-perceptual -0.01 -0.16 -0.28* -0.09 -0.11 -0.34* 

Interpersonal -0.04 -0.01 -0.25* -0.09 -0.13 -0.30* 

Disorganized 0.09 -0.13 -0.21 -0.02 -0.08 -0.26* 

Note: The levels of significance are indicated with * p < .05, ** p < .01, *** = p < .001. 

A multiple regression analysis was conducted to investigate whether SPQ and age could 

significantly predict O2HB changes in the left vlPFC during emotion regulation of positive 

stimuli. The results indicated that the model explained 7.3% of the variance and was a significant 

predictor of emotion processing, F(2,77) = 3.6, p = .05. While SPQ (B = -.003, β = -.31, p = .04) 

significantly contributed to the model, age did not (B = <.001, β = -.08, p = .63). The interaction 
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between SPQ and Age was also non-significant (B = <.001, β = -.05, p = .87). Multiple 

regression was used to investigate whether SPQ and age could significantly predict O2HB 

changes in the left dlPFC during emotion regulation of positive stimuli. The results indicated that 

the model explained 5.4% of the variance and was a significant predictor of emotion processing, 

F(2,77) = 3.1, p = .05. While SPQ (B = -.003, β = -.27, p < .05) significantly contributed to the 

model, age did not (B = <.001, β = -.07, p = .58). The interaction between SPQ and Age was also 

non-significant (B = <.001, β = -.01, p = .95). These findings suggest that age is not an important 

covariate in the relationship between SPQ and O2HB changes in the left lateral PFC during 

emotion regulation of positive stimuli. 

Discussion 

The present study aimed to investigate changes in prefrontal activation during emotion 

processing between people with high and low levels of schizotypy. To the best of our knowledge, 

this was among the first studies to investigate emotion processing in schizotypy using fNIRS. 

Overall, higher schizotypy was found to be indicative of reduced hypoactivation in the mPFC 

during emotional perception, lower hyperactivation in the lateral PFC during emotional 

regulation of positive stimuli, and no difference in neural activity during emotional experience 

when compared to people with lower schizotypy.  

Although significant group differences in reaction time were not observed during the 

emotional recognition task, it was found that high schizotypy was associated with lower accuracy 

and a greater reduction in mPFC activation. These findings were in line with previous research 

by Hori et al. (2008) who examined verbal fluency in a group of high SPQ individuals and found 

significantly larger activation in the right PFC, compared to a low SPQ group. Likewise, Wang et 

al. (2018) examined functional connectivity during a facial emotion discrimination task in people 
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with negative schizotypy (NS) and found that those with higher NS showed hyperactivity in the 

insula, middle frontal gyrus, putamen, and cingulate cortex when processing angry facial 

expressions. Furthermore, Modinos et al. (2017) used fMRI to measure corticolimbic response 

during emotion processing, finding that high schizotypy individuals showed significantly greater 

activation in the caudate, ACC and insula, as well as marginally greater activity in the 

hippocampus, mPFC and putamen. A review of neuroimaging studies determined that the mPFC 

and amygdala play an important role in social cognitive dysfunction among patients with 

schizophrenia (Brunet-Gouet & Decety, 2006). One possible explanation for the greater 

reduction in O2Hb in the high schizotypy group during emotion recognition in the present study 

might be that the amygdala becomes more active and has greater metabolic requirement, 

allowing for less O2Hb to flow through the PFC. Alternatively, some researchers have suggested 

that increased activation in the paralimbic and cognitive control regions during emotional facial 

recognition might be related to possible protective or compensatory mechanisms in schizotypy 

(Ettinger et al., 2014; Y. Wang et al., 2018). 

Consistent with our hypotheses, significant differences were not found between the high 

and low schizotypy group for behavioural performance or O2Hb changes during emotional 

experience. These findings are in line with previous behavioural and neuroimaging research 

showing that the experience of emotion is largely intact among patients with schizophrenia 

(Cohen & Minor, 2010; Dowd & Barch, 2010; Green et al., 2015; Kring & Elis, 2013). Meta-

analyses have found no significant differences in the brain activation typically associated with 

emotional experience between individuals with schizophrenia and healthy controls (Delvecchio 

et al., 2013; Green et al., 2015; Kring & Elis, 2013). Although schizophrenia spectrum disorders 

have been repeatedly linked to anhedonia, and affective flattening, recent research suggests that 
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these deficits are related to alexithymia and diminished emotional expression, rather than 

impairments in emotional experience (Green et al., 2015; Kring & Elis, 2013; Martin et al., 2019; 

Yoon et al., 2008). 

Although it was hypothesised that the high schizotypy group would show less activation 

than the low schizotypy group during emotional regulation of positive and negative stimuli, 

significant differences in O2Hb were only found between the two groups in the left vlPFC and 

left dlPFC during regulation of positive stimuli. No significant differences were found during the 

negative or neutral conditions. Researchers have previously reported that the positive, negative 

and disorganised dimensions of schizotypy impact emotion processing differently (Giakoumaki, 

2016; Wang et al., 2012). Our findings are consistent with previous fNIRS research by Holper et 

al. (2016) who found reduced activity in the dlPFC and middle temporal gyrus during controlled 

emotional interference in high versus low schizotypy groups, as well as a study by Mohanty et al. 

(2005) who reported deceased activity in the left dlPFC and increase activity in the right dlPFC 

during an emotional Stroop task among those with high positive schizotypy compared to low 

schizotypy. The collective findings seem to suggest that schizotypy has an impact on the 

regulation of positive emotions, while regulation of negative or neutral emotion either remains 

intact among people with schizotypy or recruits different neural networks that went undetected in 

our study.  

Overall, these results demonstrate that, indicative of higher schizotypy, fNIRS has the 

capacity to detect decreased activation the left lateral PFC during the regulation of positive 

stimuli and greater deactivation in the mPFC during emotional recognition. By distinguishing 

between normal and abnormal functioning, researchers might be able to establish neural 

correlates which can be used as an objective indicator of psychological disorders. Therefore, 
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fNIRS measurement of these regions during emotion processing can potentially be used as a 

biomarker of schizophrenia spectrum disorders or as a quantitative measure for the effectiveness 

of psychosocial or pharmacological treatments in restoring “normality”. Such biomarkers might 

help to objectively develop a better understanding of the course of illness, provide a more 

holistic approach to identifying high-risk individuals, evaluate the effectiveness of interventions 

at a group-level, and inform and monitor treatments at an individual-level (Giakoumaki, 2016).  

These findings also help inform our theoretical conceptualisation of the schizophrenia 

spectrum. For many years, the prevailing theories of schizophrenia have centred on abnormalities 

of neuronal connectivity and the dopamine system (Benson & Feinberg, 2011). Although it is not 

yet clearly understood whether these abnormalities are the result of developmental and/or 

degenerative processes, findings of aberrant prefrontal activity in people with high schizotypy 

which closely resembles findings observed in studies of schizophrenia (Phillips & Seidman, 

2008; Watanuki et al., 2016), supports the notion of a continuum ranging from schizotypic traits 

in the general population to those with clinical manifestations (Ettinger et al., 2015). 

Nonetheless, some common observations in schizophrenia studies, such as hypoactivation in the 

vlPFC during negative regulation (Buhle et al., 2014; Egashira et al., 2015; van der Meer et al., 

2014), were not found in the current study of schizotypy. Although it must be cautioned that 

these findings do not come from direct comparisons but rather from independent studies, it may 

be argued that neuroimaging evidence indicates there are shared networks of abnormal neural 

functioning between people with high schizotypy and schizophrenia, as well as differences in 

activation (Ettinger et al., 2015). Nonetheless, further research is needed directly comparing 

fNIRS measured neural activity between people with schizotypy and schizophrenia to determine 

whether the abnormalities of schizotypy are also seen to a greater extent in those schizophrenia. 
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Knowledge of these differences in patterns of activity could inform our understanding of the 

distribution of schizophrenia spectrum phenotypes across the population and may elucidate 

whether abnormalities become more severe over time (Ettinger et al., 2015). 

Limitations and Suggestions for Future Research 

Although studying otherwise healthy young adults with varying degrees of schizotypy 

was advantageous in that it allowed for control over confounding variables that otherwise cannot 

be removed in the study of schizophrenia, including pharmacological treatment and chronicity 

effects, there were several limitations that need to be noted. First, our participants were divided 

into two groups using a median split method based upon their self-reported scores on the SPQ-

BRU. The practice of dichotomisation has commonly been criticised for the resulting loss of 

information, reduction in power, and increased risk of producing Type I and II errors (Altman & 

Royston, 2006; DeCoster et al., 2011; Iacobucci et al., 2015; McClelland et al., 2015). 

Furthermore, the mean SPQ-BRU score in the high schizotypy group was 3.1 (SD = 0.49), which 

was within the range of the mean total SPQ score (M = 2.54, SD = 0.79). Therefore, it is possible 

that our high schizotypy group may only represent a moderate level of schizotypy. Nonetheless, 

from the standpoint of the dimensional notion of schizotypy, the fact that even this sample with 

relatively low schizotypy scores yielded statistically significant results may raise the possibility 

that schizotypy is closely related with the PFC activation patterns found among schizophrenia 

populations (Hori et al., 2008). 

The SPQ was originally developed as a self-report screening tool for Schizotypal 

Personality Disorder and was not aimed at measuring the cognitive disorganised aspects of 

psychometric schizotypy (Lenzenweger, 2015). It is recommended for future studies to adopt a 

more rigorous approach to screening and assigning participants to schizotypy groups, including 
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interview-based assessments or the use of multiple scales which are better suited to capture the 

dimensions of schizotypy. For example, the O-LIFE was developed in accordance with 

Claridge’s model of schizotypy and includes a disorganization scale and an impulsive 

nonconformity scale (Grant et al., 2018; Mason & Claridge, 2006). Therefore, the O-Life 

captures aspects of cognitive slippage or formal thought disorder that more closely relate to 

Claridge’s approach to modelling schizotypy and, thus, might be a worthwhile consideration for 

future studies (Stefanis et al., 2004).  

Second, our facial perception task did not include a neutral control condition. As such, it 

is difficult for us to rule out possible group differences in non-emotional facial processing. 

Previous studies have found abnormal brain activity in the amygdala, ACC and the mPFC when 

processing neutral faces in patients with schizophrenia, major depression, and bipolar disorder 

(Filkowski & Haas, 2017; Y. Wang et al., 2018). Therefore, future studies should include both a 

resting baseline and neutral face conditions so that the neural activity elicited by emotion 

recognition can be disentangled from general facial processing. Furthermore, investigators have 

proposed that different neural systems are responsible for the processing of different emotions 

(Gazzaniga & Ivry, 2013). Although limitations with fNIRS make it difficult to design cognitive 

tasks which can examine individual emotions owing to the speed of the hemodynamic response, 

it would be useful for future research to examine prefrontal activation during the processing of 

discrete emotions (e.g., fear, sadness, anger etc.), or at least for positive and negative emotional 

valences separately.  

Third, no records were made of alcohol consumption, recreational drug usage, or the 

amount of sleep the participant received before the laboratory session. Research has shown that 

the use of these substances can act as a confounding variable by influencing brain activation and 
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connectivity (Y. Wang et al., 2018). Likewise, a plethora of studies have found that a lack of 

sleep can impact on neurophysiological and behavioural performance during emotion processing 

(Alfarra et al., 2015; Cote et al., 2019; Tempesta et al., 2018). Furthermore, no measurements 

were taken of the participants' mood at the time of their session which may have also influenced 

their performance and associated neural activity during the emotion processing tasks (Durbin et 

al., 2020; Schmid et al., 2011). It would be beneficial for future studies to record and control for 

the confounding effect of these extraneous day-to-day factors.  

Finally, although some artefact noise from physiological functions was filtered out during 

pre-processing, the present study did not measure heart rate, respiration, eye blinking, 

perspiration or head motion. Takahashi et al., (2011) showed that fNIRS channels covering the 

lower parts of the forehead were prone to artifacts caused by changes in skin blood flow and 

results obtained from these measurement sites should be interpreted carefully. Nonetheless, 

Critchley et al. (2005) found that hate rate changes during a cognitive task had almost no 

influence on prefrontal activity. Although notes were made of any potentially disruptive 

movements, such as stretching or sneezing, it would be advisable for future studies to monitor 

physiological functions which influence O2Hb concentrations to reduce the amount of unrelated 

noise. Furthermore, the primary cause of poor optical contact and weak signal detection is dark, 

thick or high root density hair of the participants (Khan et al., 2012). Therefore, it is 

recommended for future researchers to use brush-fibre optodes to improve the connectivity of the 

probes, or at least keep a record of participant’s hairstyles to potentially help explain and exclude 

weak data from the group level analysis (Khan et al., 2012). 
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Conclusion 

Researchers have emphasised the importance of early diagnosis and pre-emptive 

treatment of schizophrenia spectrum disorders owing to their progressive deterioration and 

lasting impact on functioning. fNIRS is an emerging neuroimaging technique which is well-

suited for measuring prefrontal activation during emotion processing, and thus a potentially 

useful tool for identifying neural biomarkers among those with high schizotypy. This study 

aimed to elucidate the possible association between schizotypy and activation in the PFC during 

emotion processing using fNIRS. Overall, it was discovered that people with high schizotypy 

show greater deactivation in the mPFC during emotion recognition and less activation in the left 

lateral PFC during regulation of positive emotions. Our findings help establish the capacity of 

fNIRS for detecting differences in prefrontal activation during emotional processing between 

people with high and low schizotypy, which might have implications for the early diagnosis, 

monitoring and treatment of schizophrenia spectrum disorder. Further research is needed to 

better establish the reliability of fNIRS for detecting abnormal neural activity during emotion 

processing, as well as using fNIRS to develop and test the effectiveness of cognitive remediation 

interventions targeting emotion processing impairments. 
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Chapter 9: General Discussion 

Schizophrenia spectrum disorders are debilitating conditions which can cause severe 

physical, emotional, and behaviour problems that impact on the lives of the patients, their 

relatives, and the general society. Schizotypy refers to people within the general population who 

demonstrate a set of temporally stable traits resembling the subclinical signs and symptoms of 

schizophrenia. Researchers have found that deficits in social cognition, especially emotion 

processing impairments, are the primary determinant of poor community functioning outcomes 

in individuals with schizophrenia and related disorders. Research suggests that, when provided 

earlier in illness progression and tailored to the individual, social cognitive remediation 

programmes can help to reduce emotion processing dysfunction and subsequently improve 

community functioning. Nonetheless, current diagnostic methods of schizophrenia spectrum 

disorders, such as clinical interviews, are not reliable, can be impractical, and often depend upon 

the progression of symptoms. Near-infrared spectroscopy (fNIRS) has been proposed as a 

potential diagnostic or assessment tool for identifying neural biomarkers of emotion processing 

impairment in the early stages of illness progression while overcoming many of the limitations 

imposed by current methods. Before fNIRS can be considered for real-world applications, its 

capacity to detect neural activation during emotion processing needs to be evaluated, and 

differences between individuals with high and low schizotypy need to be demonstrated. This 

thesis attempted to answer the research question: can fNIRS be used to detect abnormal brain 

activities in high schizotypy individuals during emotion processing tasks? This chapter 

consolidates all the findings according to the aims and hypotheses, presents the implications for 

future research and clinical practice, and discusses the general limitations and recommendations 

for future research. 
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The current thesis had three aims. The first was to conduct a systematic review of the 

literature on the capacity of fNIRS to detect neural activation during emotion processing in 

healthy individuals, as well as provide recommendations for future research. The results revealed 

that there are a lot of inconsistent findings among previous fNIRS studies of emotion processing, 

especially for emotional perception. Although many of the reviewed studies found significant 

changes in activation during different domains of emotion processing, the patterns of activation 

varied in direction, strength and location between studies. Furthermore, there were some studies 

which reported differences in activation, depending on the type of task/stimuli, and other studies 

which reported no significant changes in activity. Several variables were highlighted as potential 

sources of the discrepant results, including the valence and intensity of the stimuli, the size and 

representativeness of the recruited samples, and the measurement approach and the way the data 

was analysed. Although the findings from the systematic review were encouraging for the 

potential applications of fNIRS in that they identified activation in the PFC during emotion 

processing, the findings also highlighted the need for additional research efforts using larger and 

more representative samples and a diverse array of stimuli, to overcome issues with consistency 

and establish a better understanding of the true capacity of fNIRS in measuring activation during 

emotion processing. 

 The second aim of this thesis was to establish the capacity of fNIRS for detecting 

prefrontal activation during three domains of emotion processing by using a relatively large 

sample of healthy adults and including a diverse array of emotional stimuli. The main findings of 

this study included hypoactivation in the mPFC during emotional perception, hyperactivation in 

the right vlPFC during negative emotional regulation, and no significant change in O2Hb during 

emotional experience. Furthermore, it was found that, compared to a resting baseline period, 
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negatively valenced and more emotionally ambiguous stimuli elicited the greatest change in 

activation, especially among female participants. Overall, these results suggest that fNIRS has 

the capacity to detect changes in prefrontal activation elicited by emotion processing at the group 

level among healthy young adults. The findings have contributed to the development of more 

effective and efficient fNIRS research protocols for assessing emotion processing and provided 

some guidelines for studies that aim to identify differences in brain activation between clinical 

groups and healthy controls in an attempt to ascertain potential biomarkers of emotion 

processing impairments. 

The third aim of this thesis was to elucidate the association between schizotypal traits 

assessed using the SPQ and prefrontal activation patterns during emotion processing tasks as 

measured by fNIRS. The results revealed that compared to those with low SPQ, individuals with 

high SPQ showed greater deactivation in the mPFC during emotion perception and less 

activation in the left lateral PFC during emotional regulation of positive stimuli. These findings 

contributed to our understanding regarding the capacity of fNIRS for detecting differences in 

prefrontal activation during emotional recognition and regulation between people with high and 

low schizotypy and may have implications for the diagnosis, treatment, and monitoring of 

schizophrenia spectrum disorders. Although the findings are promising for the future use of 

fNIRS to detect abnormal activity among young adults with high schizotypy, the patterns of 

activity were not consistent at the individual level, which may undermine the reliability and 

preclude the use of fNIRS as a sensitive instrument to identify biomarkers.   

General Implications 

 Implications for Theory. The results presented in this thesis have highlighted both 

commonalities and differences between people in the general population with high schizotypy 
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and previous research in patients with schizophrenia. These finding may help to better inform our 

understanding of the schizophrenia spectrum, especially given that it is advantageous to research 

schizotypy because it provides an opportunity to reduce confounding effects which are otherwise 

difficult to control in the study of patients with schizophrenia, including long-term medication 

effects, comorbid illnesses, and participation in psychological interventions. 

A comprehensive review of the literature found consistent evidence to suggest that 

schizophrenia is associated with impairments in emotional face perception and emotional 

regulation, while emotional experience is largely intact (Cohen & Minor, 2010; Green et al., 

2015; Kring & Moran, 2008). Nonetheless, most of the studies included in the review recruited 

predominantly male samples and the vast majority of patients were receiving psychoactive 

medications which might have affected task performance and neural activity (Green et al., 2015). 

In common with schizophrenia, the current thesis found that high schizotypy was associated with 

lower accuracy and a greater reduction in mPFC activation during emotion perception, lower 

activation in the left lateral PFC during the regulation of positively valanced stimuli, and no 

significant differences between the high and low schizotypy group for behavioural performance 

or O2Hb changes during emotional experience. These findings are consistent with the dual-

process model which posits that there are two distinct neural pathways for processing of 

emotion: a ‘low road’ pathway which bypasses the cortex going directly from the thalamus to the 

amygdala without being filtered by consciously controlled cognition, and a slower ‘high road’ 

that projects from the thalamus to the PFC before ending in the amygdala, involving a more 

thorough cognitive analysis (Gazzaniga & Ivry, 2013). Emotional experience, which only 

involves the passive viewing of stimuli, provides much lower cognitive demand and subsequent 

less involvement of the PFC. Emotional recognition and regulation, on the other hand, requires 
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cognitive appraisal and control of emotion and thus results in more activity in the PFC. Our 

findings show that people with high schizotypy may have difficulty activating the cortical 

network that underlies cognitive control of emotion, and implies that measuring frontally 

mediated cognitive functions of emotion using neuroimaging techniques, such as fNIRS, might 

hold the promise as a marker for high schizotypy and potentially elevated risk for schizophrenia 

(Lesh et al., 2011).  

 The current thesis also found some evidence to support a brain network model of 

schizotypy, similar to what has been found in studies of schizophrenia, whereby functional 

dysconnectivity between the PFC and other regions important for emotion processing are 

characteristic in those with higher psychometric schizotypy. Meta-analyses of studies using fMRI 

to examine functional connectivity within large-scale brain networks in schizophrenia patients 

have found dominant hypoconnectivities between multiple structures, including the mPFC, 

amygdala, left insula, superior temporal cortex, left precuneus, and the anterior cingulate cortices 

(Dong et al., 2018; Li et al., 2019). Our study of emotional facial perception revealed decreased 

hypoactivity in the vmPFC among people with high schizotypy. Although the limitations of 

fNIRS prevented us from being able to verify the underlying cause, the decreased O2Hb in the 

vmPFC during emotional recognition was likely a result of increased oxygen demands in other 

interconnected brain regions, and the lower decrease among people with high schizotypy was 

likely a result of lesser associated demand in those regions.  

The reciprocal connection between the vmPFC and the amygdala has been well 

established in emotional recognition. Based on findings from brain damaged patients, partial face 

stimuli, and eye tracking studies, some researchers have theorised that the amygdala responds to 

the holistic configuration of facial features in the early stages of information processing, and in 
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association with the vmPFC it plays an important role in directing attention towards emotionally 

salient features, in particular the eyes, during emotion recognition (Adolphs et al., 2005; 

Kennedy & Adolphs, 2010; Killgore & Yurgelun-Todd, 2004). The vmPFC has also been found 

to have a reciprocal connection with the superior temporal sulcus (STS) and the bilateral 

fusiform gyri, especially the fusiform face area (FFA) during emotional recognition. The FFA is 

involved in the initial processing of facial stimuli (Taylor & MacDonald, 2012), while the STS 

and fusiform gyri play an important role in modulating attentional and perceptual processes 

during emotion processing (Adolphs & Spezio, 2006; Leppänen & Nelson, 2009).  

Also, like previous studies of schizophrenia, the results presented in this thesis suggest 

that the right hemisphere, in particular the right vlPFC, plays an important role in regulating 

emotion, especially when the event or stimuli is negatively valanced. Although most previous 

studies have compared activity to a resting baseline, our neutral control comparison enabled us to 

disentangle emotion processing-related changes in prefrontal activation from task-related 

neurocognitive influences. When the negative regulation condition was compared to a resting 

baseline, significant changes in the vlPFC and dlPFC across both hemispheres were found. In 

contrast, when the negative regulation condition was compared to a neutral control task, only a 

significant increase in O2Hb in the right vlPFC was found. These findings may indicate that the 

activity measured in the left hemisphere and right dlPFC are substrates of neurocognitive 

processes relating to general cognitive control rather than specifically relating to emotional 

regulation. As significant changes were found in the right vlPFC when compared to both the 

resting baseline and neutral control conditions, it is reasonable to suggest that this region plays a 

role in the emotional regulation of negative stimuli. 
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Our findings harmonise well with the right hemisphere hypothesis and valence 

hypothesis of hemispheric asymmetry. The right hemisphere hypothesis posits that the activation 

in the left hemisphere may function to regulate the intensity of activation in the right hemisphere, 

whereby overactivation is associated with negative experiences and under-activation is 

associated with positive experiences. The valence hypothesis of hemispheric asymmetry suggests 

that the anterior portions of both hemispheres are differentially specialised, with the left-side 

being more dominant for positive experiences and right-side dominance for the experience of 

negative emotions. Although the extent to which either hemisphere is involved in emotion 

processing remains unclear, our findings suggest that, even within the PFC, positive and negative 

emotions are characterised by different patterns of activation. 

Furthermore, consistent with previous studies of schizophrenia, this thesis provided 

evidence to indicate atypical hemispheric laterality among higher schizotypy individuals, namely 

preserved activation in the right hemisphere and impaired left hemispheric function. Significant 

changes in O2Hb between people with high and low schizotypy in the left dlPFC were found 

during the regulation of positive stimuli. This finding is consistent with prior research and may 

help to explain the higher level of creativity among individuals with schizotypal personality 

(Folley & Park, 2005; Weinstein & Graves, 2001; Weinstein & Graves, 2002). 

Implications for Clinical Practice. Although functional neuroimaging is often proposed 

to hold the promise of assisting in the diagnosis, prognosis, monitoring and even treatment of 

psychological disorders, its application outside of laboratory settings, especially in clinical 

practice, has been negligible (Schleim & Roiser, 2009). It is widely believed that fNIRS has 

revealed new insights into cognition and emotion, and that the association between these mental 

processes and neural activity may have potential practical applications in fields similar to fMRI, 
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including lie detection, neurofeedback and neuromarketing (Schleim & Roiser, 2009). Some 

important implications for the future of fNIRS research into schizophrenia spectrum disorders 

include: developing a better understanding of the course of illness, providing a more holistic 

approach to identifying high-risk individuals, evaluating the effectiveness of interventions at a 

group-level, and informing and monitoring treatments at an individual-level (Giakoumaki, 2016). 

 As schizophrenia spectrum disorders are often characterised by progressive deterioration, 

the early diagnosis and pre-emptive treatment essential to prevent or postpone illness onset, 

reduce the severity of symptoms, or at the very least ameliorate the social consequences 

(Bechdolf et al., 2005; Häfner & Maurer, 2006; Lewis et al., 2002; McGorry et al., 2002). 

Researchers have been seeking alternative ways of detecting the signs of schizophrenia in the 

earlier stages of illness progression (Bechdolf et al., 2005; McGorry et al., 2002). One of the 

main goals of neuroimaging research is to find biomarkers which can be used as an objective 

indicator of abnormal physiological functioning or a quantitative measure for the effectiveness of 

treatments in restoring “normality” (Brammer, 2009; Hager & Keshavan, 2015; Wylie et al., 

2016). The identification and validation of biomarkers require a great deal of time, money and 

coordinated effort; thus, is it is not surprising that biomarkers have not yet been adopted into 

clinical settings for schizophrenia spectrum disorders (Falkai, 2011; Kambeitz et al., 2015; 

Weickert et al., 2013). 

The present thesis identified activation in brain regions which may serve as candidate 

biomarkers for those with high schizotypy. The results indicated that the hypoactivation in the 

mPFC was characteristic of emotional perception in healthy adults, while emotional regulation 

was associated with hyperactivation in the lateral PFC. Group comparisons between people with 

high and low schizotypy revealed that higher schizotypy was associated with greater 
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hypoactivation in the mPFC during emotion recognition and less activation in the left lateral PFC 

during regulation of positive emotions. However, previous fNIRS studies have shown that 

prefrontal activation can vary across individuals owing to the subjective nature of emotional 

stimuli and additional noises that can interfere with the signals (Bendall et al., 2016; Hoshi et al., 

2011a). For example, Ozawa et al. (2014) found increased activation in response to negative 

pictorial stimuli when O2Hb was analysed at the group level; however, the individual level 

analysis revealed increased O2Hb in 9 participants and decreased O2Hb in 6 of the participants. 

These findings imply that there is individual variation in the effect of emotional stimuli that is 

not often taken into consideration in fNIRS studies of emotion processing.  

Although our findings highlight patterns of activation that may be indicative of high-risk 

people, it would seem fNIRS lacks discriminability at an individual level that may preclude its 

use as a sensitive instrument to screen for diagnostic or prognostic biomarkers. At an individual 

level, significant O2Hb decreases were observed in 63 of the 80 participants (78.75%) during 

emotional recognition, while increases were found in 3 (3.75%), and no significant changes were 

found in six (7.5%) of the participants. During emotional regulation of positive stimuli, 18 

(22.5%) showed O2Hb hyperactivation and 16 (20%) showed hypoactivation, while 50 (62.5%) 

showed no significant changes. For regulation of negative stimuli, 38 (47.5%) showed increases, 

6 (7.5%) showed decreases, and 36 (45%) showed non-significant change. Finally, O2Hb 

increases were observed in 10 (12.5%) participants for emotional experience of positive stimuli 

and 13 (16.25%) participants for negative stimuli, with decreased activity observed in 15 

(18.75%) and 16 (20%), respectively. Both positive and negative experience conditions had 57 

(71.25%) participants with no significant changes in prefrontal activity.  



      324 

The ROI, and especially channels, that showed significant O2Hb changes were also 

inconsistent between participants. These inconsistencies may, in part, result from individual 

differences in physical features of the skull and exact placement of the electrode. Nonetheless, 

there are also more substantial differences in patterns of activation between participants which 

may be indicative of inconsistent activation during emotion processing. Previous fMRI studies 

have investigated individual variability in activation during emotion processing and found it to 

be stable across time and task, indicating that some individuals may have more efficient and less 

effortful capacity to process emotion (Stollstorff et al., 2013). The contrast images of the 

individual-level analysis are presented in Appendices E, F, G, H, and I.   

Although a large number of publications have examined psychiatric patients using 

fNIRS, often with compelling results, at this point in time it would be quite reasonable to 

describe fNIRS as a research tool in psychiatry, with its diagnostic, prognostic or treatment 

utility to be confirmed (Irani et al., 2007; Takeshi et al., 2010; Yokoyama et al., 2015; Zhang & 

Roeyers, 2019). When a patient has a tumour or stroke, there is a high probability an MRI scan 

will display abnormalities in the brain (Schleim & Roiser, 2009). However, this is not the case 

for psychological disorders, as the brains of patients often anatomically resemble those of 

healthy controls. Although there may be cases where patients might have slightly reduced grey or 

white matter volumes in certain regions of the brain, it is not the case that all, or even most, 

patient brains will appear different to that of healthy controls. This issue of discriminability also 

applies to functional neuroimaging. Even though most people with high schizotypy may present 

altered brain activity during emotion processing relative to controls, this does not apply to all 

people with high schizotypy (Schleim & Roiser, 2009; Seewoo et al., 2018). Likewise, low 

prefrontal activity during emotional regulation does not necessarily indicate that a person has 
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high schizotypy (Dichter et al., 2012). This was made evident by the results from Study 3 

whereby several participants showed reduced prefrontal activation during emotion processing 

despite scoring low on the SPQ. Hence, the diagnostic utility of fNIRS in psychiatry at this stage 

may be limited.  

Nonetheless, fNIRS may still have utility in treatment monitoring and intervention 

assessment of individuals with Schizophrenia Spectrum Disorder. At the individual level, fNIRS 

could potentially be used to track changes in the neural activity of a patient during and after 

treatment to determine the effectiveness of an intervention. By comparing activation measured at 

a pre-treatment baseline to activation measured during or post-treatment, investigators may be 

able to examine changes resulting from an intervention while reducing many of the potential 

sources of noise, including subjective responses to emotional stimuli, variations in mapping and 

measurements, and individual differences between participants. Nonetheless, a test-retest 

application may result in other issues, including learning or desensitisation from the repeated use 

of emotional stimuli, which may impact activity in follow up measurements and needs further 

investigation. Geissberger et al. (2020) examined the reproducibility of amygdala activation 

during emotion processing using fMRI and found habituation effects across consecutive runs and 

two-week follow up sessions. Alternatively, fNIRS may be useful for evaluating the effectiveness 

of new interventions at the group level, which may assist in the development of more effective 

treatments for schizophrenia spectrum disorders. Further research is needed to determine the 

capacity of fNIRS in the applications of treatment monitoring and intervention development. 

 Implications for Future Research. Much of our current knowledge regarding the 

capacity of fNIRS to detect changes in activation during emotion processing were pieced 

together from results of different studies which focused on rather specific emotion mechanisms 
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and with a lot of variations in methodology (Irani et al., 2007). It was made evident in this thesis 

that a lack of standardisation in the measurement and analysis of fNIRS data not only made it 

difficult to compare results across studies but also contributed to inconsistent findings. As fNIRS 

is an emerging neuroimaging technique, researchers currently lack consensus on the best 

approach to data collection, analysis, and interpretation. Our systematic review illustrated the 

wide variety of cognitive tasks and fNIRS procedures used among previous studies of emotion 

processing. Although initial findings provided some support for the capacity of fNIRS to 

measure activity during emotion processing, further research is needed to evaluate the reliability 

and robustness of fNIRS results using a more standardised and comprehensive approach. The 

findings from this thesis provide guidance for future fNIRS research in four ways.  

First, three pilot studies were conducted to ascertain a suitable timing for displaying 

emotional stimuli in block-based tasks to facilitate measurement with fNIRS. Designing 

cognitive tasks for use with fNIRS can be challenging as the cognitive needs of the task (e.g., 

reaction time, or randomisation) sometimes conflict with the technical capabilities of the fNIRS 

system (e.g., speed of hemodynamic response, or sensitivity of instrument). The study of 

emotion recognition required the stimuli to be presented in pseudorandom order so that the 

participants could not identify patterns in the sequence and correctly distinguish emotions simply 

by guessing or predicting. Nonetheless, in the first pilot study where individual stimuli were 

presented in a pseudorandom order for 5 s each, it was found that the fNIRS system lacked the 

sensitivity to detect such rapid changes in O2Hb. The second pilot study attempted to overcome 

this issue by increasing the presentation time to 10 s, however the results showed weaker 

activation despite the comparable behavioural data. Upon examining the reaction times, it was 

determined that most of the participants were responding within in the initial few seconds and 
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may not have been processing the emotional meaning of the stimuli for the remaining time, thus 

contaminating the activation period with unintended rest periods. Therefore, in the third pilot 

study, stimuli were presented in blocks of five for 5 s each for a total of 25 s per block. This 

approach enabled a compromise between the needs of the task and the capacity of fNIRS by 

presenting stimuli fast enough to keep the participants continuously engaged while also sustained 

enough for the fNIRS system to detect the hemodynamic response. Nonetheless, presenting 

stimuli using a block-design limits the ability to examine individual emotions because 

consecutive stimuli of the same emotion cannot be grouped together without the participants 

being able to recognise a pattern. 

Second, the findings from this thesis show that the characteristics of the chosen stimuli 

have an impact on patterns of activation in the PFC. Although several characteristics, including 

sensory modality and arousal, were proposed as possible confounds, the results of this thesis 

identify emotional valence and intensity as factors with significant impact on prefrontal 

activation during emotional recognition and regulation. Our findings suggest that studies should 

avoid using passive viewing tasks or emotionally obvious stimuli. These do not provide enough 

cognitive demand for fNIRS to detect changes in activation reliably. Furthermore, our findings 

have shown that different emotional valences and varying intensities of stimuli can result in 

inconsistent activation patterns in the PFC. These findings highlight the importance of stimulus 

selection in emotion processing research and suggest that future studies should consider a range 

of emotion stimuli (e.g., happiness vs fear, or positive vs negative) of varying intensities (e.g., 

subtle vs obvious) independently, so that activation resulting from certain stimuli is not diluted 

by conflicting activity from other stimuli. Although the current thesis only examined broad 

emotional valences (positive, negative, and neutral), it is expected that discrete emotions would 
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be characterised by different, albeit overlapping, neural networks and should be examined 

separately if possible (Gazzaniga & Ivry, 2013). 

Third, the present research demonstrated the importance of including a neutral control 

condition that matches cognitive demands without the emotional component. In this thesis, it was 

determined that emotion processing-induced activation differed when compared to a neutral 

control condition verses when compared to a resting baseline. As opposed to merely comparing 

with a resting baseline, a neutral condition helps isolate activity relating to emotional processes 

from activation caused by unrelated neurocognition. Without a neutral control condition, studies 

run the risk of detecting activation stemming from neurocognitive processing, including selective 

attention, visual perception and working memory. Although some previous studies have included 

both a resting baseline and a neutral condition, to the best of our knowledge, no study has yet 

compared activation between the two control conditions. Future studies would benefit by 

examining neural activity during both resting baseline and neutral control conditions to help 

disentangle the influence of emotion processing from unrelated non-emotional neurocognitive 

processes.  

Finally, although fNIRS is ecologically advantageous when compared to other 

neuroimaging techniques, many previous studies have utilised small samples owing to the 

associated time and costs involved with neuroimaging research. Given that false-positive and 

false-negative rates are high in neuroimaging research because of the large number of analyses 

involved, it is critically important to ensure a sufficient sample size to ensure statistical power 

and improve reliability (F. Zhang & Roeyers, 2019). The results from our meta-analyses 

demonstrated that a sample size between n = 70 and 96 is needed to ensure sufficient statistical 

power for fNIRS studies of emotion processing in healthy adults. A subsequent statistical power 



      329 

analysis using Faul et al. (2007) G*power program 3.1 was performed for sample size estimation 

based on the effect sizes extracted from our subsequent studies of healthy adults, and people with 

high and low schizotypy. The average effect sizes reported between baseline and task periods in 

healthy adults were d = 0.28 for regulation and d = 0.23 for perception. Using a two-tailed t-test 

between means with 80% power and an alpha of 0.05, the projected minimum total sample size 

needed with these effect sizes is approximately n = 120 for studies of regulation and n = 132 for 

studies of perception. Effect sizes between people with high and low schizotypy were d = 0.59 

for regulation and d = 0.41 for perception, projecting a minimum total sample size of N = 76 and 

N = 98, respectively. 

Based on the findings from our power analyses, it is advised that future studies should 

recruit a minimum of between 120 and 132 participants to ensure adequate statistical power 

when investigating O2Hb changes during emotion processing in healthy adults. Likewise, 

researchers should recruit between 76 and 98 participants when examining difference in emotion 

processing between people with high and low schizotypy. Alternatively, researchers could seek to 

maximise the effect size in studies to avoid the need to recruit such large samples. Effect size can 

be increased by strengthening the experimental manipulations (e.g., using more emotionally 

evocative stimuli, or optimizing stimulus presentation durations and baseline conditions to 

maximise signal to noise ratio) and by reducing the error variance (e.g., reduce error due to 

individual differences, using standardised testing procedures, and eliminating effects of 

stimulants and time of day). Future researchers need to ensure sufficient statistical power by 

maximising effect sizes and using an optimal sample size. 
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Conceptual Issues, General Limitations, and Considerations for Future Research 

Emerging Nature of fNIRS. One of the reoccurring themes presented throughout this 

thesis is that there are a great deal of contradicting results among the previous fNIRS studies on 

emotion processing. These discrepancies make it difficult to interpret the findings and establish 

the capacity of fNIRS for use in clinical practice. Researchers believe that, although fNIRS may 

be useful in the future, the emerging nature of the technique presents methodological issues that 

undermine its reliability and robustness and hinders its application in clinical practice (Irani et 

al., 2007). As a similar example, fMRI has been developed and validated over the last 30 years, 

is often considered to be the “gold standard” for measuring functional activity, and is utilised by 

many clinicians to inform clinical practice owing to its excellent sensitivity, accuracy, and 

reliability (Irani et al., 2007; Zabel & Chute, 2002). Nonetheless, fMRI has had its share of 

issues over the years, some of which have remained undetected and unresolved until recently and 

have brought into question the accuracy of many earlier studies.  

Given that typically fMRI volumes involve comparisons across 130,000 voxels on 

average, the probability of a false positive is extremely high (Kriegeskorte et al., 2009). A 

prominent study by Eklund et al. (2016) tested three common software packages (SPM, FSL and 

AFNI) for fMRI analysis on the resting-state data of 500 participants to establish the empirical 

FWE rates. Eklund et al. (2016) found that the programs might have significantly inflated the 

rates of false positives in up to 70% of fMRI studies owing to methodological errors. Although 

these software issues have since been corrected and data-sharing between neuroscientist has 

become common ground, these findings raise questions about the validity of earlier fMRI studies 

and may imply that at least some previous results could be misleading. Eklund et al. (2016) 

clarified that, in many cases, these errors would mean smaller regions of the brain activity than 
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the patterns of activation reported in earlier studies. Nonetheless, further research is needed to 

replicate the findings of older studies using modern methods to establish the exact extent of any 

errors. Owing to the emerging nature of fNIRS, it can be expected that early research in the field 

may face similar shortcomings to that of early fMRI research. 

Despite the growing popularity of fNIRS as a tool for measuring brain activity, the 

statistical methods used have rarely been compared or validated. As with all emergent 

technology, fNIRS is susceptible to a range of technological and methodological limitations, both 

known and unknown, which might undermine the validity of results and prevent the technique 

from being used in practical settings (Irani et al., 2007). Researchers have expressed concerns 

over the use of fNIRS owing to several current limitations, including limited spatial resolution, 

difficulty mapping cranial reference points, the impact of skin pigmentation on signal detection, 

attenuation of the light signal by extracerebral matter, poor consistency of fNIRS data between 

subjects, and difficulties obtaining absolute baseline oxygenation concentrations (Obrig & 

Villringer, 1997; Zabel & Chute, 2002). It is expected that many of these limitations may be 

resolved with the development of improved fNIRS technology and analysis techniques (Jones et 

al., 2016). Current bioengineering efforts at several institutions, including the University of 

Pennsylvania, University of Illinois and Harvard Medical School, are addressing many of these 

issues, in the hope of improving the reliability, validity and practicality of fNIRS (Irani et al., 

2007). 

Anatomical Variability and Functional Mapping. The human brain is a highly 

organised structure from the microscopic to the macroscopic levels. Each brain is unique, which 

makes it challenging and time-consuming for researchers to provide a fine-grained distinction of 

its anatomical parts. All approaches of localising brain function require a thorough understanding 
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of underlying brain structure. Researchers typically deal with this by classifying structures 

according to their spatial order (e.g., the middle frontal gyrus is the middle ridge of the frontal 

lobe, located between the superior and the inferior frontal gyri), or course-grained labels (e.g., 

the “dorsolateral prefrontal cortex” roughly relates to that part of the frontal lobe located towards 

the top and more on the side) which consists of several anatomical structures (Schleim & Roiser, 

2009). Nonetheless, researchers often disagree about the precise delineation, and in some 

extreme cases, the dlPFC in one study (Greene et al., 2004) is the medial frontopolar cortex in 

another (Moll & de Oliveira-Souza, 2007). As structural guidance is essential for interpreting 

functional data and comparing results between participants and across studies, researchers 

typically transform their individual-level data into a standardised reference space during pre-

processing, a complex process involving linear and non-linear manipulations, approximations 

and smoothing (Aasted et al., 2015; Schleim & Roiser, 2009). 

In the case of fMRI, structural images are taken of the brain during the scanning 

procedure to assist clinicians/researchers map the activity to its corresponding structure. 

However, unlike fMRI, fNIRS does not produce structural images of the brain, making it unable 

to directly map neural activity against observed brain regions (Plichta et al., 2011). There are two 

main approaches for facilitating anatomical mapping. The simplest method is to position optodes 

relative to the standardized international 10-20 electrode placement locations on the scalp, 

originally developed for electroencephalography (Klem et al., 1999). These electrode locations 

have been linked to underlying cortical structure and the standard Montreal Neurological 

Institute (MNI) stereo-tactic coordinates, thus enabling comparison of ffNIRS data with locations 

of brain activation measured with fMRI (Jurcak et al., 2007). 
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The other approach is to utilise an anatomical brain model constructed from MRI data, 

which can be derived either from the specific participant or a generic anatomical brain atlas 

(Zhan et al., 2012). Research has shown, when scanning a participant’s brain is not possible, 

accurate images can still be produced using a generic brain atlas (Cooper et al., 2012; Custo et 

al., 2010; Ferradal et al., 2014). This method of informed reconstruction allows fNIRS 

measurements of brain activity to be viewed as images that inherently localise the activation 

patterns to the structural features of the brain, which can then be compared across participants 

and studies (Aasted et al., 2015). The advantage of this image reconstruction approach over a 

channel-based analysis is the potential for greater spatial resolution and improved accuracy when 

comparing activation between participants (Aasted et al., 2015). 

The statistical parameter mapping toolbox fNIRS-SPM, which was used for the current 

thesis, facilitates cross-modality comparisons between fMRI and fNIRS recordings using a 

generic anatomical brain model (Ye et al., 2009). Nonetheless, although the anatomical mapping 

in our studies was carefully selected based on 3D digitisation and a generic brain atlas, the 

defined regions of interest are only approximations and need to be interpreted with caution. As 

fNIRS is particularly well-suited for combining with other neuroimaging techniques, future 

research would benefit from examining brain activity using a combination of methods. This 

would assist in accurate anatomical mapping of functional activity, help elucidate the time course 

of neural networks responsible for emotion processing, compensate for issues with attenuation or 

interference, and provide addition information that could not be acquired using fNIRS in 

isolation. For example, as fNIRS is limited to measuring cortical surface tissue, changes in 

prefrontal activity might be associated with activation in other regions of the brain, but these 



      334 

predictions cannot be confirmed without measuring the other regions, a task which is not 

possible for fNIRS in the case of deeper brain structures. 

Overall Summary and Conclusion 

 This thesis aimed to determine the capacity of fNIRS for detecting prefrontal activation 

during three domains of emotion processing and to identify differences in activation between 

people with high and low schizotypy. A systematic review of the previous literature suggested 

that, although fNIRS might be an effective tool for measuring prefrontal activation during 

emotion processing, there are a lot of discrepant results among previous studies due to various 

limitations and inconsistencies. Based on recommendations from the review, a larger and more 

comprehensive study found that fNIRS has the capacity to detect hypoactivity in the mPFC 

during emotional perception, and hyperactivation in the lateral PFC during negative regulation. 

In addition, the results of the study revealed significant differences in activation between people 

with high and low schizotypy. Specifically, higher schizotypy was associated with a greater 

reduction of O2Hb in the mPFC during emotional perception and lower activation in the left PFC 

during emotional regulation. 

 These findings have implications for our theoretical conceptualisation, future research, 

and clinical practice. From a clinical perspective, the results of this thesis highlight several 

candidate biomarkers which may have potential utility for the evaluation of intervention 

effectiveness or treatment monitoring. Although fNIRS has been proposed as a promising tool 

for biomarker detection, the findings presented in this thesis suggest that there is too much 

variability between individuals which might preclude it for such a purpose at this stage. Several 

implications and recommendations for future research can be drawn from this thesis, including 

the need for studies to incorporate a greater diversity of stimuli, to recruit larger, more 
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representative samples, and to compare both neutral control and resting baseline conditions. 

Future research also needs to tackle several issues within the field, including a lack of 

methodological standardisation, anatomical variability, and technical limitations with fNIRS 

systems. It is expected that many of these issues will be resolved with the development of new 

and improved techniques for data collection and analysis, as well as with greater advancements 

in fNIRS technology. 
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Appendix A: Quality Assessment Results 

Table 5.2 

Quality assessment of included studies 

Study 1 2 3 4 5 6 7 8 9 10 11 12 13 Total CoI 

 

Abdullayev 

et al. (2018) 

1 1 0 1 0 1 0 1 1 0 1 1 1 9 N 

Anuardi et al. 

(2019) 

1 0 0.5 NR 0 0 0 1 1 0 1 0.5 0 5 NR 

Ates et al.  

(2017) 

1 1 1 1 0 1 1 1 1 0 1 0 1 10 NR 

Balconi et al. 

(2015) 

1 1 NR 1 0 0 1 1 1 0 1 NR 0 7 N 

Balconi et al. 

(2016) 

1 1 NR 1 1 1 1 1 1 0 1 1 1 11 N 

Balconi et al. 

(2017) 

1 1 NR 1 0 0 1 1 1 0 1 1 0 8 N 

Balconi et al. 

(2017) 

1 1 NR 1 0 0 1 1 1 0 1 NR 0 7 N 

Bigliassi et 

al. (2015) 

1 1 NR NR 1 0 1 1 1 0 1 NR 0 7 NR 

Brugnera et 

al. (2016) 

1 1 NR 1  0 0 1 1 1 0 1 1 0 7 NR 

Dieler et al. 

(2010) 

1 1 NR 1 0 0 1 1 1 0 1 1 0 8 N 

Deppermann 

et al. (2017) 

1 1 1 1 0 0 1 1 1 1 1 0 0 9 NR 

Di Lorenzo et 

al. (2019) 

1 1 NR 1 1 1 1 1 1 0 1 1 0 10 N 

Egashira et 

al. (2015) 

1 1 NR 1 0 0 1 1 1 0 1 NR 0 7 N 

Ernst et al. 

(2013) 

1 1 NR 1 1 0 1 1 1 0 1 NR 0 8 N 

Fanti et al. 

(2016) 

1 1 NR 1 0 0 1 1 1 0 1 1 0 8 N 

Fox et al. 

(2013) 

1 1 NR 1 0 0 1 1 1 0 1 1 0 8 N 

Gao et al. 

(2019) 

1 1 NR 1 0 0 1 1 1 0 1 NR 0 7 N 

Giles et al. 

(2018) 

1 1 NR 1 1 1 1 1 1 1 1 NR 0 10 N 

Glotzbach et 

al. (2011) 

1 1 NR 1 0 1 1 1 1 0 1 NR 0 8 Y 



      342 

Grabell et al. 

(2018) 

1 1 NR 1 1 0 0 1 1 0 1 1 1 9 NR 

Grabell et al. 

(2019) 

1 1 NR 1 0 0 1 1 1 0 1 1 1 9 N 

Gruber et al. 

(2019) 

1 1 NR 1 0 0 0 1 1 0 1 0 0 6 N 

Heger et al. 

(2014) 

1 1 NR 1 0 0 1 1 1 1 1 NR 0 8 NR 

Herrmann et 

al. (2003) 

1 1 NR 0 0 1 1 1 1 0 1 NR 0 7 NR 

Herrmann et 

al. (2008) 

1 1 NR 0 0 0 1 1 1 0 1 NR 0 6 NR 

Herrmann et 

al. (2016) 

1 1 NR 1 1 0 1 1 1 0 1 0 0 8 NR 

Himichi et al. 

(2015) 

1 1 NR 1 0 0 1 1 1 0 1 0 1 8 N 

Hirata et al. 

(2018) 

1 1 NR 1 0 0 1 0 1 0 1 NR 0 6 NR 

Holper et al. 

(2016) 

1 1 0 1 0 0 1 1 1 0 1 1 0 8 Y 

Honda et al. 

(2011) 

1 1 NR NR 0 0 1 1 1 0 1 NR 0 6 N 

Hoshi et al. 

(2011) 

1 1 NR 0 0 0 1 1 1 0 1 0 0 6 NR 

Hosokawa et 

al. (2015) 

1 1 NR 1 0 0 1 1 1 0 1 1 0 8 NR 

Hu et al. 

(2019) 

1 1 NR 1 1 0 1 1 1 0 1 1 0 9 N 

Huang et al. 

(2017) 

1 1 NR 1 0 1 1 1 1 1 1 1 0 10 N 

Ichikawa et 

al. (2014) 

1 1 NR 1 0 0 1 1 1 0 1 0 0 7 N 

Ieong et al. 

(2018) 

1 1 0 1 1 0 1 1 1 0 1 1 0 9 N 

Kable et al. 

(2017) 

1 1 NR 1 0 0 1 1 1 0 1 1 0 8 N 

Kida et al. 

(2014) 

1 1 NR 0 0 0 1 1 1 0 1 1 1 8 N 

Kochel et al. 

(2011) 

1 1 NR NR 0 0 1 1 1 0 1 1 0 7 NR 

Kochel et al. 

(2013) 

1 1 NR NR 0 1 1 1 1 0 1 1 0 8 NR 

Kochel et al. 

(2015) 

1 1 NR 1 0 0 1 1 1 0 1 1 0 8 NR 

Kondo et al. 

(2018) 

1 1 NR 1 0 0 1 1 1 0 1 1 0 8 N 
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Kreplin et al. 

(2013) 

1 1 NR 1 0 0 1 1 1 0 1 1 0 8 N 

Kreplin et al. 

(2015) 

1 1 NR 1 0 0 1 1 1 0 1 1 0 8 N 

Krol et al. 

(2019) 

1 1 NR 1 0 0 1 1 1 1 1 1 0 9 NR 

Leon-Carrion 

et al. (2007) 

1 1 NR 0 0 0 1 1 1 0 1 1 0 7 N 

Lu et al. 

(2019) 

1 1 NR 1 0 1 1 1 1 0 1 1 0 9 NR 

Lucas et al. 

(2019) 

1 1 NR 1 0 0 1 1 1 0 1 1 0 8 N 

Manelis et al. 

(2019) 

1 1 NR 1 1 0 1 1 1 0 1 1 0 9 N 

Marumo et 

al. (2009) 

1 1 NR 1 0 1 1 1 1 0 1 1 1 10 N 

Matsubara et 

al. (2014) 

1 1 NR 1 0 1 1 1 1 0 1 1 0 9 NR 

Matsukawa et 

al. (2017) 

1 1 NR 0 0 0 1 1 1 0 1 1 0 7 Y 

Matsuo et al. 

(2003) 

1 1 NR 1 0 0 1 1 1 0 1 1 0 8 N 

Minagawa-Kawai 

et al. (2008) 
1 1 NR 1 0 0 1 1 1 0 1 0 0 7 NR 

Moghimi et 

al. (2012) 

1 1 NR 1 0 0 0 1 1 0 1 1 0 7 NR 

Morinaga et 

al. (2007) 

1 1 NR 1 0 0 1 1 1 1 1 1 0 9 NR 

Nakadoi et al. 

(2012) 

1 1 NR 1 0 0 1 1 1 0 1 1 0 8 NR 

Nakata et al. 

(2018) 

1 1 NR 1 0 0 1 1 1 0 1 1 0 8 NR 

Nakato et al. 

(2011) 

1 1 NR 1 0 1 1 1 1 0 1 0 0 8 NR 

Nishikawa et 

al. (2015) 

1 1 NR 1 1 0 1 1 1 0 1 1 0 9 NR 

Nishitani et 

al. (2011) 

1 1 NR NR 0 0 1 1 1 0 1 1 0 7 N 

Ohtani et al. 

(2005) 

1 1 NR 1 0 0 1 1 1 0 1 1 0 8 NR 

Ozawa et al. 

(2014) 

1 1 NR NR 0 1 1 1 1 0 1 1 0 8 NR 

Ozawa et al. 

(2019) 

1 1 NR 1 1 0 1 1 1 0 1 1 0 9 N 

Perlman et al. 

(2014) 

1 1 NR 1 0 0 0 1 1 0 1 0 0 6 N 
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Piper et al. 

(2015) 

1 1 NR 0 0 0 1 1 1 0 1 1 0 7 NR 

Plichta et al. 

(2011) 

1 1 NR NR 1 0 1 1 1 0 1 1 0 8 NR 

Ravicz et al. 

(2015) 

1 1 NR 1 0 0 0 1 1 0 1 0 0 6 NR 

Rodrigo et al. 

(2016) 

1 1 NR 1 0 0 1 1 1 0 1 1 0 8 N 

Roos et al. 

(2011) 

1 1 NR 1 0 0 1 1 1 1 1 1 0 9 NR 

Ruocco et al. 

(2010) 

1 1 NR 1 1 1 1 1 1 0 1 1 0 10 NR 

Schneider et 

al. (2014) 

1 1 NR 1 0 1 1 1 1 0 1 1 1 10 NR 

Tupak et al. 

(2013) 

1 1 NR 1 0 0 1 1 1 0 1 1 1 9 N 

Vanutelli et 

al. (2015) 

1 1 NR 1 0 1 1 1 1 0 1 1 0 9 N 

Wang, F. et 

al. (2018) 

1 1 NR 1 0 1 1 1 1 1 1 1 0 10 NR 

Wang, M. et 

al. (2018) 

1 1 NR 0 0 0 1 1 1 0 1 0 0 6 NR 

Watanabe et 

al. (2011) 

1 1 NR 1 0 1 1 1 1 0 1 1 0 9 N 

Watanuki et 

al. (2016) 

1 1 NR 1 0 0 1 1 1 0 1 1 1 9 NR 

Wei et al. 

(2017) 

1 1 NR 1 0 1 1 1 1 0 1 1 0 9 N 

Yang et al. 

(2007) 

1 1 NR 1 0 1 1 1 1 0 1 1 0 9 N 

Yu et al. 

(2017) 

1 1 NR 1 0 0 1 0 1 0 1 1 0 7 NR 

Zhang et al. 

(2017) 

1 1 NR 1 0 1 1 1 1 0 1 1 0 9 NR 

Zhang et al. 

(2018) 

1 1 NR 1 0 1 1 1 1 0 1 1 0 9 N 

Zhang et al. 

(2019) 

1 1 NR 1 0 1 1 1 1 0 1 1 0 9 N 

Zhao et al. 

(2019) 

1 1 NR 1 1 1 1 1 1 0 1 0 0 9 N 

Note: NR = Not reported, N = No, Y = Yes, CoI = Conflicts of Interest. The National Institute of 

Health's 'Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies' can be 

found at: https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools 
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Appendix B: Quality Assessment Instrument 

Table 5.3 

Adapted Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies 

Criteria Yes No Other 

(CD, NR, 

NA) 

1. Was the research question or objective in this paper clearly stated? 
      

2. Was the study population clearly specified and defined? Was the 

gender distribution roughly equal? 

      

3. Was the participation rate of eligible persons at least 50%? 
      

4. Were all the subjects selected or recruited from the same or similar 

populations (including the same time period)? Were inclusion/ 

exclusion criteria prespecified and applied uniformly to all 

participants? 

      

5. Was a sample size justification, power description, or variance and 

effect estimates provided? 

      

6. Was the task related activity compared to both a resting baseline and 

neutral control condition? 

      

7. Was the timeframe sufficient (greater than 20 second block periods) 

so that one could reasonably expect to see an association between 

exposure and outcome if it existed? 

      

8. For exposures that can vary in amount or level, did the study 

examine different levels of the exposure as related to the outcome 

(e.g., types of emotion or different valences)? 

      

9. Were the exposure measures (independent variables) clearly 

defined, valid, reliable, and implemented consistently across all study 

participants? 

      

10. Was the exposure(s) assessed more than once over time? 
      

11. Were the outcomes clearly defined, valid, reliable, and 

implemented consistently across participants? 

      

12. Was loss to follow-up after baseline 20% or less? 
      

13. Were key potential confounding variables measured and adjusted 

statistically for their impact on the relationship between exposure(s) 

and outcome(s)? 

      

Note: NA = not applicable, NR = not reported, CD = cannot determine. 
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Appendix C: IAPS Stimuli Information 

Table 6.2 

IAPS stimuli description, valance and arousal scores, and condition placement 

ID Description Valence 

mean (SD) 

Arousal 

mean (SD) 

Category Prime 

1022 Snake 4.26 (2.04) 6.02 (1.97) Negative Experience 

1220 Spider 3.47 (1.82) 5.57 (2.34) Negative Reappraise  

1300 Pitbull 3.55 (1.78) 6.79 (1.84) Negative Experience 

1440 Seal 8.19 (1.53) 4.61 (2.54) Positive Reappraise  

1460 Kitten 8.21 (1.21) 4.31 (2.63) Positive Experience 

1463 Kittens 7.45 (1.76) 4.79 (2.19) Positive Reappraise  

1610 Rabbit 7.82 (1.34) 3.08 (2.19) Positive Experience 

1710 Puppies 8.34 (1.12) 5.41 (2.34) Positive Reappraise  

1750 Bunnies 8.28 (1.07) 4.10 (2.31) Positive Experience 

1787 Abstract Art 5.07 (1.02) 2.30 (1.75) Neutral Reappraise  

1920 Porpoise 7.90 (1.48) 4.27 (2.53) Positive Experience 

1930 Shark 3.79 (1.92) 6.42 (2.07) Negative Reappraise  

2040 Baby 8.17 (1.60) 4.64 (2.54) Positive Experience 

2070 Baby 8.17 (1.46) 4.51 (2.74) Positive Reappraise  

2205 Hospital 1.95 (1.58) 4.53 (2.23) Negative Experience 

2215 Neutral Man 4.63 (1.24) 3.38 (2.00) Neutral Reappraise  

2314 Binoculars 7.55 (1.24) 4.00 (2.01) Positive Experience 

2383 Secretary 4.72 (1.36) 3.41 (1.83) Neutral Reappraise  

2530 Couple 7.80 (1.55) 3.99 (2.11) Positive Experience 

2683 War 2.62 (1.78) 6.21 (2.15) Negative Reappraise  

2800 Sad Child 1.78 (1.14) 5.49 (2.11) Negative Experience 

3051 Mutilation 2.30 (1.86) 5.62 (2.45) Negative Reappraise  

3350 Infant 1.88 (1.67) 5.72 (2.23) Negative Experience 

5700 Mountains 7.61 (1.46) 5.68 (2.33) Positive Reappraise  

5760 Nature 8.05 (1.23) 3.22 (2.39) Positive Experience 

5825 Sea 8.03 (1.18) 5.46 (2.72) Positive Reappraise  

5830 Sunset 8.00 (1.48) 4.92 (2.65) Positive Experience 

6250 Aimed gun 2.83 (1.79) 6.54 (2.61) Negative Reappraise  

6370 Attack 2.70 (1.52) 6.44 (2.19) Negative Experience 

7000 Rolling Pin 5.00 (0.84) 2.42 (1.79) Neutral Reappraise  

7002 Towel 4.97 (0.97) 3.16 (2.00) Neutral Experience 

7004 Spoon 5.04 (0.60) 2.00 (1.66) Neutral Reappraise  

7006 Bowl 4.88 (0.99) 2.33 (1.67) Neutral Experience 

7009 Mug 4.93 (1.00) 3.01 (1.97) Neutral Reappraise  

7010 Basket 4.94 (1.07) 1.76 (1.48) Neutral Experience 

7034 Hammer 4.95 (0.87) 3.06 (1.95) Neutral Reappraise  

7035 Mug 4.98 (0.96) 2.66 (1.82) Neutral Experience 

7036 Shipyard 4.88 (1.08) 3.32 (2.04) Neutral Reappraise  
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7041 Baskets 4.99 (1.12) 2.60 (1.78) Neutral Experience 

7050 Hair Dryer 4.93 (0.81) 2.75 (1.80) Neutral Reappraise  

7060 Trash Can 4.43 (1.16) 2.55 (1.77) Neutral Experience 

7100 Fire Hydrant 5.24 (1.20) 2.89 (1.70) Neutral Reappraise  

7130 Truck 4.77 (1.03) 3.35 (1.90) Neutral Experience 

7140 Bus 5.50 (1.42) 2.92 (2.38) Neutral Reappraise  

7150 Umbrella 4.72 (1.00) 2.61(1.76) Neutral Experience 

7185 Abstract Art 4.97 (0.87) 2.64 (2.04) Neutral Reappraise  

7502 Castle 7.75 (1.40) 5.91 (2.31) Positive Experience 

8080 Sailing 7.73 (1.34) 6.65 (2.20) Positive Reappraise  

8185 Hiker 6.53 (1.66) 6.49 (2.05) Positive Experience 

8190 Skier 8.10 (1.39) 6.28 (2.57) Positive Reappraise  

8496 Water Slide 7.58 (1.63) 5.79 (2.26) Positive Experience 

9220 Cemetery 2.06 (1.54) 4.00 (2.09) Negative Reappraise  

9280 Smoke 2.80 (1.54) 4.26 (2.44) Negative Experience 

9300 Dirty 2.26 (1.76) 6.00 (2.41) Negative Reappraise  

9320 Vomit 2.65 (1.92) 4.93 (2.70) Negative Experience 

9340 Garbage 2.41 (1.48) 5.16 (2.35) Negative Reappraise  

9560 Empty Pool 4.03 (1.38) 2.63 (1.75) Neutral Experience 

9571 Cat 1.96 (1.50) 5.64 (2.50) Negative Reappraise  

9910 Car Accident 2.06 (1.26) 6.20 (2.16) Negative Experience 

9940 Explosion 1.62 (1.20) 7.15 (2.24) Negative Reappraise  
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Appendix E: Individual-level fNIRS Contrast Images for Emotional Recognition 
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Appendix F: Individual-level fNIRS Contrast Images for Positive Experience 
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Appendix G: Individual-level fNIRS Contrast Images for Negative Experience 
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Appendix H: Individual-level fNIRS Contrast Images for Positive Regulation 
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Appendix I: Individual-level fNIRS Contrast Images for Negative Regulation 
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Appendix J: Emotion Processing Task Instructions 

 

 

 

 

 

- Ekman 60 Face Test - 

Emotional facial expressions of varying intensity will be presented on the screen for 5 seconds each. 

Your task is to identify which of six emotions is display on the face. 

Labels for the six emotions will be displayed on screen for 5 seconds after the face is removed. 

Use the mouse to (left) click on the emotion label matching the previously displayed image. 

- PRESS THE SPACEBAR TO BEGIN – 

 

- IAPS Experience and Regulation Task - 

One of two priming words (experience or reappraise) will be presented on screen followed by an image. 

If the word 'experience' is displayed, you are required to feel natural emotion while observing the image. 

If the word 'reappraise' is displayed, you are required to feel no emotion while observing the image. 

After the image is removed, you will have 5 seconds to rate how the image made you feel.  

Press the number keys (1-9) to indicate how pleasurable the image was to you.  

Unpleasable -     1   2   3   4   5   6   7   8   9    - Pleasurable 

- PRESS THE SPACEBAR TO BEGIN - 
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1. Demographics and Medical History 

1.1 What is your full name? ____________________________________________________ 

1.2 What is your current age? ___________________________________________________ 

1.3 What is your gender? 

 Male  Female 

 Other _______________________________________________________________

1.4 What is your highest level of education completed? 

 Primary school 

 High school 

 Certificate 1-4 

 Diploma 

 Bachelor degree 

 Graduate diploma/Honours 

 Master’s Degree 

 Doctorate 

1.5 Do your parents have a history of schizophrenia? 

 Yes, my mother does 

 Yes, my father does 

 Yes, both parents do 

 No, neither of my parents do 

1.6 Are you currently taking any antipsychotic or antidepressant medication? Please list your 

current medications: 

__________________________________________________________________________ 

1.7 Have you received any training in the past 5 year to improve your social cognition ability 

(e.g. emotion recognition, empathy etc.)? 

 None  Some training  Extensive training 

1.8 Have you previously been diagnosed with any of the following conditions? If so, 

approximately how long have you had the diagnosis? (Please remember to specify both years and 

months) 

 Schizophrenia                              ________________________________ months/years 

 Psychosis                                     ________________________________ months/years 

 Schizotypal personality disorder ________________________________ months/years 

 Depression                                   ________________________________ months/years 

 Anxiety                                        ________________________________ months/years 

1.9 Please provide contact details for follow up purposes. 

Email: __________________________________ Phone: _______________________________
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Schizotypy Personality Questionnaire – Brief Revised Updated (SPQ-BRU) 

Image Redacted
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