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ABSTRACT 

In the present set of studies, we investigated personality traits and neural correlates 

associated with positive emotion reactivity and regulation within the context of depression. In 

Study One, we identified potential modifiable psychological mechanisms in ameliorating 

depression symptoms by exploring of individual differences pertaining to the experience of 

positive emotion (i.e., positive affectivity and savoring) and how they relate to depression 

symptomatology. We addressed fundamental questions regarding the neural temporal course of 

emotion reactivity and regulation and highlighted differences and similarities in the reactivity and 

regulation across positive and negative emotion in Study Two. This is key information in 

developing targeted neuroscience-informed interventions for forms of transdiagnostic 

psychopathology symptoms characterized by dysregulation emotion reactivity and regulation. In 

Study Three, we investigated relations among the neural temporal course of emotion reactivity 

and personality traits relevant to the experience of positive emotion in depression. This work 

identified potential neural mechanisms supporting dysregulated emotion reactivity in depression 

that may be an intervention target for those with low positive affectivity in depression. Overall, 

this set of studies contributes to the development of neuroscience-based interventions that bolster 

the experience of positive emotions for individuals with depression.  
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CHAPTER ONE 

INTRODUCTION 

There are an estimated 322 million people in the world living with Major Depressive 

Disorder (MDD; World Health Organization, 2017), which marks an 18.4% increase from 2005 

to 2015 (World Health Organization, 2017). This is compounded by increases in mental illness 

due to the current global pandemic (Twenge & Joiner, 2020). Depression is associated with 

decrements in interpersonal relationships, poor work performance and burnout, and reductions in 

physical wellbeing (Druss et al., 2009; Kessler et al., 2006; Lewinsohn et al., 2003). Given its 

ubiquity, the economic impact of depression is profound. Depression is associated with higher 

levels of health care utilization and spending (Donohue & Pincus, 2007). In the United States, 

loss in work productivity related to depression is estimated to surpass $36 billion (Kessler et al., 

2006). The cost associated with “presenteeism” (i.e., being present at work with depression) is 

estimated to be $5524 per person in the United States (Evans-Lacko & Knapp, 2016). The 

impacts of MDD are far reaching, and more effective treatments will improve quality of life and 

ease economic burden.  

Current treatments for depression are frequently ineffective. Approximately 45-65% of 

those with depression undergoing CBT do not achieve remission (DeRubeis et al., 2005; 

Dimidjian et al., 2006). Treatment outcomes for depression suggest that even after completion of 

therapy, 29% of individuals relapse within one year following treatment and 54% do so within 
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two years (Vittengl et al., 2007). Depression is currently a highly intractable disorder with a high 

rate of recurrence and relapse. Mainstream treatments for depression largely focus on mitigating 

symptoms associated with negative emotions (Argyropoulos & Nutt, 2013; Beck, 1979). 

However, patients undergoing treatment typically equally emphasize the importance of bolstering 

positive emotions as they do reducing negative emotion (Demyttenaere et al., 2015). Other 

research further illustrates unique relations among positive emotion and depression symptoms 

while adjusting for the effects of negative emotion (Dunn et al., 2019; Kahrilas et al., 2020). 

Moving forward, translational research that strives to facilitate development of evidence-based 

strategies targeting impairments in positive emotion in depression could be critical to improving 

the low treatment outcome rate in depression. 

In order to contribute to informing the development of neuroscience-based interventions 

that bolster the experience of positive emotions for individuals with depression, I conducted a trio 

of studies aimed to investigate personality traits and neural correlates associated with positive 

emotion reactivity and regulation within the context of depression. First, I investigated relations 

among individual differences pertaining to the experience of positive emotion (i.e., positive 

affectivity and savoring) and how they relate to depression symptomatology. This initial line of 

inquiry elucidated possible modifiable psychological mechanisms in treating depression for 

individuals with depression and low disposition to experience positive emotions. Next, we 

addressed fundamental questions regarding the neural temporal course of emotion reactivity and 

regulation. This highlighted differences and similarities in the reactivity and regulation across 

positive and negative emotion, which is key information in developing targeted neuroscience-
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informed interventions for forms of transdiagnostic psychopathology symptoms characterized by 

dysregulation emotion reactivity and regulation. Finally, informed by findings in the previous two 

studies, I investigated relations among the neural temporal course of emotion reactivity and 

personality traits relevant to the experience of positive emotion in depression. This work 

identified potential neural mechanisms supporting dysregulated emotion reactivity in depression 

that may be an intervention target for those with low positive affectivity in depression. 

Overview of Study One, Savoring the Moment: A Link Between Affectivity and Depression 

The first study, “Savoring the moment: A link between affectivity and depression,” which 

was published in the International Journal of Wellbeing (Kahrilas et al., 2020), investigated the 

relations among affectivity (negative and positive), savoring, and depression. More specifically, it 

investigated the mediating role of the temporal domains of savoring (anticipating, savoring the 

moment, reminiscing) in the relation between factors of Clark and Watson’s (1991) tripartite 

model (Positive Affectivity, PA; and Negative Affectivity, NA) and depression. Participants (𝑁 = 

1,618) completed questionnaires measuring PA, NA, savoring capacity, and depression. A path 

analysis was conducted with PA and NA as exogenous variables, the three temporal domains of 

savoring as mediators, and depression the outcome. Worry, sex, and anxious arousal were 

included as covariates for all paths. 

Overall, the findings from this study indicated that PA and NA were associated with 

depression as well as all three savoring temporal domains. This suggests that all temporal 

domains of savoring may bolster PA and mitigate NA. Notably, momentary savoring distinctly 

mediated the relationship between both PA and NA and depression, suggesting that momentary 
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savoring may reduce depression symptoms in individuals with low PA and high NA. This study 

underscored the importance of momentary awareness and upregulation of positive emotions in 

managing depression. Increased attention to positive stimuli is likely one mechanism through 

which savoring influences depression symptoms (Carl et al., 2013). While there are distinctions 

between savoring and mindfulness (Bryant & Veroff, 2007), the importance of moment-to-

moment awareness in treating depression is corroborated by the efficacy of mindfulness-based 

interventions (Gu et al., 2015). Study One supports the importance of enhancing momentary 

awareness in treating depression in those with low PA, but its use of cross-sectional data 

precluded causal inference. Further, it did not disentangle the neural time course of positive 

emotion reactivity and regulation and how these concepts related to individual differences (i.e., 

PA and savoring capacity), which is crucial to devise neuroscience-informed interventions for 

those with anhedonic depression. Studies Two and Three were conducted to address these gaps. 

Overview of Study Two, Neural Chronometry of Emotion Reactivity and Regulation 

To extend findings from Study One, Study Two addressed fundamental questions regarding 

the neural time course of emotion reactivity and regulation. This study implemented a temporal 

principal components approach (PCA) to investigate the temporal course of enhancement and 

attenuation of neural response to positive and negative valenced affective images in a non-selected 

sample (𝑁 = 54). Certain ERP components are well established in emotion regulation literature 

(i.e., LPP), while other earlier visual components (i.e., N170 & EPN) are not. I examined these 

earlier ERP components with a PCA approach in order to provide a more holistic view on 

potentially critical windows of neural processing involved in emotion reactivity and regulation, 
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with the ultimate goal of eventually identifying modifiable neural mechanisms in order to 

ameliorate depression symptoms. The questions of how emotion reactivity relates to depression 

symptoms remains unanswered, however. This was the focus of Study Three. 

Overview of Study Three, A Potential Neural Mechanism Supporting the Brightening 

Effect in Depression 

Building on findings from Study One and Study Two, Study Three aimed to investigate the 

relations among low PA in depression and the neural time course of emotion reactivity. To this 

end, participants (𝑛 = 80) endorsing clinically significant levels of depression were recruited and 

completed batteries of questionnaires (including measures of depression and PA). Additionally, 

EEG data were collected using the same experimental paradigm validated in Study Two. Research 

suggests that the relation between neural correlates of emotion reactivity and depression varies as 

a function of depression severity (e.g., Demenescu et al., 2011; Weinberg et al., 2017). Thus, the 

samples from Study Two (unselected sample) and Study Three (recruited on the basis of depression 

symptoms) were harmonized, resulting in a sample with greater variability in depression symptoms. 

This study sought to compare different models of emotion reactivity in depression by using 

structural equation modeling. Relations among depression symptoms and emotion reactivity were 

analyzed to determine how neural correlates of emotion reactivity vary depending on depression 

severity. I hypothesized that positive and negative emotion reactivity across ERP components 

derived from a temporal PCA would be associated with PA. More specifically, reduced levels of 

PA would be associated with blunted ERP activity in a manner congruent with the ECI view. 

Further, we tested whether this model would outperform other competing models of emotion 



 

 

6 

reactivity as informed by a previous study (Hill et al., 2019). This study aims to advance knowledge 

regarding impairments in emotion reactivity for individuals with depression as well as inform 

potential intervention targets. This research will serve as a foundational step for future studies 

focused on investigating positive emotion regulation and the modification of positive emotion 

regulation in individuals with depression. 
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CHAPTER TWO  

SAVORING THE MOMENT: A LINK BETWEEN AFFECTIVITY AND DEPRESSION 

Affective theories of mood and anxiety disorders have posited that low positive affectivity 

is a specific risk factor for depression (Clark & Watson, 1991; Lewinsohn & Graf, 1973; Watson, 

Weber, et al., 1995; Watson, Clark, et al., 1995), whereas high negative affectivity may be a more 

general indicator of distress that is observed across depression and anxiety disorders, as well as 

other psychopathology types (Watson & Clark, 1984). Positive affectivity reflects a tendency to 

experience intense and frequent episodes of pleasant moods (Watson, 2009), while negative 

affectivity refers to a tendency to experience negative moods (Watson & Clark, 1984). 

Positive and negative affectivity are theorized to represent stable individual differences 

indicative of an individual’s disposition to experience positive and negative affect (i.e., transient 

emotional experiences) respectively. To this extent, positive affectivity and negative affectivity 

are closely associated with highly stable personality traits such as extraversion and neuroticism, 

correspondingly (Costa & McCrae, 1980; Warr et al., 1983). While certain major life events (e.g., 

unemployment, disability) are associated with long-term changes in subjective well-being, others 

(e.g., marriage, widowhood, divorce) only have short-term effects with a tendency to revert to 

baseline levels of positive affectivity following these major events (Lucas, 2007; Suh et al.,

1996; Watson, 2009). With regard to depression, the frequency of positive life events is not fully 

explanatory of depression symptoms (Needles & Abramson, 1990). Rather, the relationship 
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between positive events and depression symptomatology is likely modulated by individual 

differences ranging from cognitive style (Needles & Abramson, 1990) to neurobiological factors 

(Watson, 2009) that influence the interpretation and/or experience of positive events. Related, 

research has indicated that emotional inertia (i.e., degree to which one’s affective state is 

predicted by a previous affective state) may be a risk factor for future development of mood 

disorders (Koval et al., 2012; Kuppens et al., 2010). Research has also concurrently indicated that 

affective instability is related to depression symptoms (Thompson et al., 2012). Seeking to 

reconcile these findings, research utilizing experience sampling and controlled laboratory 

methods found that more resistant negative emotion, specifically, was related to depression while 

positive emotion continues to fluctuate (Koval et al., 2013). While research has explored the role 

of negative emotion regulation strategies (e.g., reappraisal, acceptance, problem solving; Aldao et 

al., 2010) in the context of depression, the same cannot be said about positive emotion regulation 

(Silton et al., 2020). Characterizing specific positive emotion regulation strategies that mediate 

the relationship between affectivity and depression could inform treatment and intervention 

approaches to depression. 

Emotion Regulation and Depression 

The connection between negative emotion regulation and depression is well established 

(Gross, 1998; Gross & Muñoz, 1995; Joormann & Gotlib, 2010; Joormann & Vanderlind, 2014; 

Nolen-Hoeksema et al., 1993). Individuals with depression are more likely to engage in 

maladaptive regulation strategies such as rumination, expressive suppression, and catastrophizing 

and less likely to utilize adaptive strategies like reappraisal and self-disclosure compared to 
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individuals without depression (Garnefski & Kraaij, 2007; Gross & John, 2003; Joormann & 

Gotlib, 2010). More recently, research has begun to examine the influence of positive emotion 

regulation on depression symptoms (Feldman et al., 2008; Nelis et al., 2015; Raes et al., 2012; 

Werner-Seidler et al., 2013). Beck (1979) theorized that dampening positive emotions intensifies 

and perpetuates depression. Accordingly, greater dampening of positive affect is prospectively 

associated with increased depression symptoms three and five months later (Raes et al., 2012). 

Other research has shown that those with depression tend to be apprehensive about experiencing 

positive affect and thus engage in maladaptive emotion regulation strategies, such as dampening 

positive affect (Werner-Seidler et al., 2013). Furthermore, Werner-Seidler et al. (2013) showed 

that depression symptoms are inversely related to strategies implemented to amplify positive 

affect and depression. In sum, although research is beginning to establish that those with 

depression tend to engage in maladaptive positive emotion regulation strategies that reduce 

positive emotion (Carl et al., 2013; Garnefski & Kraaij, 2007; Gross, 2013; Silton et al., 2020), 

there has been less focus on identifying strategies that may successfully enhance positive emotion 

in individuals who are at risk for depression. As such, the present study evaluates the hypothesis 

that savoring may ameliorate depression symptoms. 

Savoring Responses and Savoring Beliefs 

Savoring refers to an awareness of positive experiences and the use of positive emotion 

regulation strategies to enhance and extend positive feelings that are derived from those 

experiences (Bryant, 1989; Bryant et al., 2011; Bryant & Veroff, 2007; Smith & Bryant, 2017). 

People initiate savoring responses in reaction to a positive event or affect as a way to maintain, 
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intensify, or prolong positive experience (Bryant & Veroff, 2007). The original conceptual 

formulation of savoring (Bryant & Veroff, 2007) is predicated on the theory that people typically 

engage in savoring responses in reaction to positive events or affect, which people regulate 

through cognitive or behavioral strategies. Chronically low levels of positive affectivity would be 

expected to reduce savoring responses, which over time would lower self-evaluations of savoring 

ability. While savoring, one may anticipate the enjoyments of future positive experiences, focus 

on ongoing positive experiences as they occur, or reminisce about past positive experiences. 

Regardless of the temporal focus, savoring processes regulate positive emotions in the present 

moment. 

In contrast to savoring responses, savoring beliefs are self-perceptions of one’s capacity to 

savor (Bryant, 2003). Although related to ways in which people regulate positive feelings in 

response to positive events, savoring beliefs are dispositional tendencies that are distinct from 

specific savoring strategies in which people engage. Stronger savoring beliefs are associated with 

lower levels of depression symptoms (Bryant, 2003; Eisner et al., 2009; Hou et al., 2016; Ramsey 

& Gentzler, 2014; Smith & Hollinger-Smith, 2015). Examining the correlations between savoring 

beliefs and depression in two separate samples, Bryant (2003) found a significant negative 

correlation between savoring the moment and depression in both samples, a significant negative 

correlation between positive reminiscence and depression in one of the samples, and no 

correlation between positive anticipation and depression in either sample. In another study, 

savoring the moment, but not anticipation, was also identified as a unique predictor of lifetime 

depression symptoms (Carver & Johnson, 2009). These results suggest that the capacity to savor 



 

 

11 

ongoing positive experiences as they occur may have the strongest relationship with level of 

depression symptoms. Furthermore, those endorsing higher levels of savoring beliefs report 

similar experiences as those endorsing high levels of positive affectivity—namely, intense and 

frequent episodes of positive affect (Bryant & Veroff, 2007; Watson, 2009). 

Savoring and Positive Affect 

Savoring strategies that amplify positive emotions are associated with greater frequency of 

positive affect (Gentzler et al., 2013; Quoidbach et al., 2010; Smith et al., 2014). As an example, 

college students who reminisced for one week using either memorabilia or cognitive imagery 

reported greater increases in frequency of happy feelings compared to participants in a control 

condition (Bryant et al., 2005). In addition, a present-focused savoring strategy, mindfully 

photographing beautiful or meaningful subjects, led to more positive moods compared to 

photographing neutral subjects (Kurtz, 2015). Research has also found that greater savoring 

beliefs are associated with higher intensity of positive affect and less negative affect (Bryant, 

2003; Smith & Bryant, 2013). Across two separate samples, people who reported stronger 

savoring beliefs also tended to report higher levels of personality traits associated with increased 

positive affect, such as intensity of happy feelings, self-esteem, frequent happy feelings, and less 

frequent unhappy feelings (Bryant, 2003). Using experience sampling methodology, (2012) found 

that momentary savoring mediated the relationship between daily positive events and momentary 

happiness, and this effect was stronger for people with higher trait levels of amplifying (i.e., 

broad types of savoring strategies) and weaker for people with higher trait levels of dampening. 

Research has also shown that a combination of low capacity to savor the moment and 
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experiencing less positive events is most strongly associated with lower positive affect and less 

life satisfaction (Hurley & Kwon, 2013; Jose et al., 2012). Collectively, these studies illustrate 

that higher savoring capacity results in greater frequency and intensity of positive affect, which is 

representative of elevated positive affectivity. However, while this research has investigated the 

relationship between savoring beliefs and trait-like attributes such as intensity and frequency of 

affect and increased self-esteem, previous research has not explicitly examined the relationship 

between trait affectivity and savoring beliefs within the context of depression. The present study 

evaluates savoring as a positive emotion regulation strategy that may modify low positive 

affectivity and thus reduce depression symptoms. 

The Focus of the Present Study 

A variety of interventions have been developed that focus on each of the three temporal 

domains of savoring (i.e., reminiscing, savoring the moment, and anticipating) to boost happiness 

(Smith et al., 2014). For example, cultivating the ability to imagine future positive events can 

enhance anticipating (Quoidbach et al., 2009), taking mindful photographs aids in momentary 

savoring (Kurtz, 2015), and increasing awareness of recent positive events serves to bolster 

reminiscing (Seligman et al., 2005). Thus, if savoring mediates the relationship between 

affectivity and depression, it may be an effective and modifiable target for bolstering positive 

affectivity and reducing depression symptoms. 

Common treatments for depression, including cognitive behavioral therapy (CBT) and 

antidepressant medication (Price & Drevets, 2010), leave considerable room for improvement 

that may be fulfilled by focusing on enhancing PA. These treatments predominantly focus on 
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ameliorating distorted thought patterns and neurotransmitter systems pertaining to negative 

emotions (Argyropoulos & Nutt, 2013; Beck, 1979). Approximately 45-65% of those with 

depression undergoing CBT do not achieve remission (DeRubeis et al., 2005; Dimidjian et al., 

2006). The importance of enhancing PA is corroborated by the fact that patient definitions of 

depression recovery equally emphasize repair of PA and NA (Demyttenaere et al., 2015). Further, 

Dunn and colleagues (2019) conducted two separate studies investigating the efficacy of 

therapeutic and pharmacological approaches to treating depression and mitigating high NA and 

PA. Results indicated that NA and PA were both uniquely related to depression and that current 

treatments (CBT, selective serotonin reuptake inhibitors, selective norepinephrine reuptake 

inhibitors, tricyclic antidepressants, and monoamine oxidase inhibitors) improve NA, but do little 

to bolster PA (Dunn et al., 2019). This is despite the fact that reductions in PA were more marked 

than elevated NA in the samples tested, indicating that PA may be a more pressing intervention 

target (Dunn et al., 2019). Novel treatments have theorized that increased use of dampening 

appraisals may be a psychological mechanism of reduced PA (Dunn et al., 2018). This implicates 

positive emotion regulation and savoring, which is underscored by literature illustrating that 

greater savoring beliefs are correlated with lower levels of depressive symptoms (Bryant, 2003; 

Eisner et al., 2009; Hou et al., 2016; Ramsey & Gentzler, 2014; Smith & Hollinger-Smith, 2015). 

A more thorough understanding of the mechanisms of PA and savoring may pave the way for 

improving depression treatments. 

The present study characterizes the relationship between affectivity, savoring beliefs, and 

depression symptomatology. We evaluated the following hypotheses: 1) replicating past research, 



 

 

14 

positive affectivity will be negatively associated with depression symptoms and negative 

affectivity will be positively associated with depression symptoms, 2) positive affectivity will be 

positively associated with all three temporal domains of savoring and negative affectivity will be 

negatively associated with all three temporal domains of savoring, 3) savoring the moment will 

be distinctly associated with depression, and 4) savoring the moment will distinctly mediate the 

relationship between affectivity and depression. Despite the present study’s focus on PA, 

mitigating NA remains an important factor to address in depression, with research demonstrating 

that both are independently related to depression symptoms (Dunn et al., 2019). Additionally, 

given the negative associations that exist between stable negative traits and savoring (e.g., 

neuroticism; Bryant, 2003), NA was included as an exogenous variable in the exploratory path 

analysis. Further, including NA facilitates the analysis of PA and NA’s unique relationship with 

depression via the temporal domains of savoring by statistically controlling for the effects of the 

other. Because anxiety and depression symptoms frequently co-occur (American Psychiatric 

Association, 2013; Clark, 1989; Mineka et al., 1998), we accounted for the effects of anxiety by 

including measures of anxious arousal (somatic) and anxious apprehension (worry) symptoms 

(Sharp et al., 2015) in our analyses. Additionally, research suggests that worry spans temporal 

domains and is associated with rumination about past events and hopelessness regarding the 

future (Andrews & Borkovec, 1988; MacLeod & Byrne, 1996) as well as procrastination (Stöber 

& Joormann, 2001), each of which may overlap with the temporal domains of savoring. Further, 

since research indicates that females tend to report greater savoring capacity than do males 

(Bryant & Veroff, 2007), gender was included as a covariate. 
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The present study utilized a parallel mediation model with cross-sectional data. Some 

researchers have advocated against this practice since correlational data do not afford causal 

interpretation (Maxwell et al., 2011). Alternatively, Hayes (2018) advocated for a more relaxed 

stance: “We should not let the limitations of our data collection efforts constrain the tools we 

bring to the task of trying to understand what our data might be telling us about the processes we 

are studying” (p. 18). Many researchers share this sentiment as indicated by their use of 

mediation analyses with cross-sectional data (Blashill & Vander Wal, 2010; Gaunt & Scott, 2014; 

Goodin et al., 2009; Kung et al., 2016; Lee et al., 2014; Li et al., 2011; Osborne et al., 2015; 

Pollack et al., 2012; Rees & Freeman, 2009; Smith et al., 2016; Thai et al., 2016; Thomas & 

Bowker, 2015; Torres & Taknint, 2015; Webb et al., 2016). Thus, the present study utilized 

cross-sectional mediation analyses while recognizing its preclusion of causal inference. 

Method 

Participants 

Participants (N = 2,482) were recruited from introductory psychology courses. 

Participants received course credit for completion of an online survey. Case wise deletion was 

used to omit participants (n = 864) who had missing responses to any questionnaires used in the 

present study. The final sample of 1,618 participants (n = 375 males, n = 1,243 females) ranged 

in age from 17 - 40 (M = 18.99 years, SD = 1.33) and was 70.0% Caucasian, 19.1% Asian, 4.5% 

Black or African American, 0.9% Native Hawaiian or other Pacific Islander, 0.7% American 

Indian or Alaskan Native, and 4.9% Biracial; 11.4% reported that they were Hispanic/Latinx and 

88.6% were not Hispanic/Latinx. The study was approved by the University’s Institutional 
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Review Board, and informed consent was provided to all participants prior to beginning the 

survey. 

Questionnaire Measures 

Savoring Capacity  

We administered the Savoring Beliefs Inventory (Bryant, 2003) to assess participants’ 

savoring capacity. The SBI measures the perception of one’s ability to feel pleasure through 

anticipating positive experiences, savoring positive moments as they occur, and reminiscing 

about past positive events (Bryant & Veroff, 2007). The SBI was analyzed as three eight-item 

subscales pertaining to temporal forms of savoring: anticipating (e.g., “Before a good thing 

happens, I look forward to it in ways that give me pleasure in the present.”), savoring the moment 

(e.g., “I know how to make the most of a good time.”), and reminiscing (e.g., “I enjoy looking 

back on happy times from my past.”). Items are rated on a seven-point Likert scale from “1” 

(strongly disagree) to “7” (strongly agree). The three temporal subscales of the SBI were 

originally conceived as separate, intercorrelated measures of individuals’ characteristic capacities 

to savor. Test-retest reliability assessments provide cross-cultural evidence for the stability of the 

SBI subscales (Bryant, 2003; Kawakubo et al., 2019). Prospective research testing predictive 

validity found that participants’ SBI scores predicted ability to anticipate, momentarily savor, or 

reminisce upon winter break three months later (Bryant, 2003). This empirical evidence 

collectively supports the conclusion that the three SBI subscales reflect stable traits that manifest 

themselves in predictable forms of behavioral and emotion experience over time. Bryant (2003) 

found moderate to high internal consistency across all three subscales. The present study 
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replicated these findings (Anticipating, 𝜔 = .87; Savoring the Moment, 𝜔 = .85; and 

Reminiscing, 𝜔 = .86). 

Depression Severity  

To evaluate depression severity, the nine-item Patient Health Questionnaire (PHQ-9; 

Kroenke et al., 2001) was administered. PHQ-9 items are scored from “0” (not at all) to “3” 

(nearly every day) and are based on the depression criteria from the Diagnostic and Statistical 

Manual of Mental Disorders, Fourth Edition. Internal consistency of the PHQ-9 in the present 

study (𝜔 = .87) was consistent with past research (Kroenke et al., 2001). 

Affectivity and Anxiety Symptoms 

To assess for positive and negative affectivity as well as anxiety, the 39-item Mood and 

Anxiety Symptoms Questionnaire (Watson, Weber, et al., 1995; Watson, Clark, et al., 1995) was 

administered. The MASQ was analyzed as three separate subscales: the eight-item negative 

affectivity (NA) Scale (MASQ-NA8; e.g., “Felt withdrawn from other people”), the 14-item 

positive affectivity (PA) Scale (MASQ-PA14; e.g., “Felt cheerful”), and the 17-item Anxious 

Arousal Scale (MASQ-AA; e.g., “Startled easily”). Previous literature has supported these 

oblique factors in two independent samples of individuals at-risk for depression and anxiety 

(Kendall et al., 2015; Nitschke et al., 2001). Participants rated their affectivity and anxiety 

symptoms using a five-point Likert scale from “1” (not at all) to “5” (extremely). Consistent with 

previous research (Bredemeier et al., 2010), the MASQ scales demonstrated good to excellent 

internal consistency (MASQ-NA8, 𝜔 = .80; MASQ-PA14, 𝜔 = .94; and MASQ-AA, 𝜔 = .88). 
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Worry  

The 16-item Penn State Worry Questionnaire (Meyer et al., 1990) was used to assess for 

the trait of worrying. PSWQ items are rated on a five-point Likert scale from “1” (not at all 

typical) to “5” (very typical). Meyer and colleagues (1990) found a high degree of internal 

consistency in the PSWQ, and the present study found good consistency (𝜔 = .87). 

Results 

Depression Severity 

To provide clinically relevant descriptive information regarding depression severity in the 

sample, participants were categorized into five depression severity groups based on established 

PHQ-9 cutoff scores: minimal (1-4), mild (5-9), moderate (10-14), moderately severe (15-19), 

and severe (20-27; Kroenke et al., 2001). Group means, standard deviations, and reliability 

coefficients of primary variables of interest (PA, NA, and savoring the moment) were calculated 

for each of the depression severity groups (see Table 1). Pairwise t-test comparisons with Holm 

correction were conducted to assess mean differences between each depression group for PA, 

NA, and savoring the moment. Analyses indicated significant differences between all groups for 

all variables except for the difference in mean PA between moderately severe and severe 

depression groups. 
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Table 1. Descriptive Statistics Among Positive and Negative Affectivity and Savoring the 
Moment for each Depression Severity Group.

 

Correlations Among Study Variables 

Pearson correlations were computed among the primary study variables (see Table 2). As 

expected, PA was positively associated with all temporal domains of savoring. NA, depression, 

and anxious arousal were negatively associated with all temporal savoring domains. All 

correlations were statistically significant. 

Table 2. Correlations among affectivity, temporal domains of savoring, depression severity, and 
anxious arousal measures (N = 1,618). 
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Positive Affectivity, Negative Affectivity, and Anxious Arousal as Predictors of Depression 

The tripartite model posits that depression and anxiety have specific relations with three 

affective dimensions: PA, NA, and anxious arousal (Clark et al., 1995; Watson, Clark, et al., 

1995). Given the present study’s focus on PA and depression, we wanted to confirm the unique 

relation between each of these dimensions and depression symptoms in the present sample. Per 

the tripartite model, we anticipated that low levels of PA and high levels of NA would be 

positively associated with depression symptoms, and that anxious arousal would be unrelated to 

depression symptoms. Multiple regression analyses were conducted with PA, NA, and anxious 

arousal as predictors and depressions with no covariates. Diverging from the specific association 

between PA and depression proposed by Clark and Watson (1991, 1995a, 1995b), results from 

the test sample indicated that each of the predictors were uniquely associated with depression. 

NA (𝑏 = .52, 	𝛽 = .55, 	𝑡(1614) = 25.47, 	𝑝 < .001) was the strongest predictor of depression, 

followed by anxious arousal (𝑏 = .11, 	𝛽 = .21, 	𝑡(1614) = 10.38, 	𝑝 < .001), and lastly PA 

(𝑏 = −.09, 	𝛽 = −.19, 	𝑡(1614) = −10.55, 	𝑝 < .001). 

Mediation Analyses 

Path analyses were run in R (R Core Team, 2018) using the lavaan package (Rosseel, 

2011) to assess the indirect effects of PA and NA on depression via three temporal domains of 

savoring capacity while accounting for the variance associated with gender, worry, and anxious 

arousal (see Figure 1). Exogenous variables (PA and NA) were allowed to correlate with one 

another, as were the residual variances of each of the temporal domains of savoring.  
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Figure 1. Standardized structural diagram of path model with three mediators: anticipating, 
savoring the moment, and reminiscing (N = 1,618). The diagram shows A) the effect of positive 
and negative affectivity on depression severity and B) the direct and indirect pathways 
associating affectivity with temporal domains of savoring and depression. Sex, worry, and 
anxious arousal were included as covariates in the model, but were omitted from the figure to 
streamline presentation. Positive and negative affectivity were allowed to correlate with each 
other and with the three covariates, which were also allowed to intercorrelate. These 
intercorrelations were omitted from the path diagram to streamline presentation. The residual 
variances in the mediators and in depression were also estimated parameters in the structural 
model. These residual variances were also omitted from the path diagram to streamline 
presentation. 

Maximum likelihood estimation was used to estimate path coefficients, and bias-corrected 

bootstrap confidence intervals based on 10,000 bootstrap samples were used to estimate indirect 

effects of temporal domains of savoring between affectivity and depression. The fully saturated 

model contained 45 free parameters with zero degrees of freedom, resulting in perfect goodness 

of fit indices. Results (see Figure 1 and Table 3) showed that PA was associated with anticipating 

(standardized: 𝑎! = .41, unstandardized: 𝑎! = .30, 𝑝 < .001), savoring the moment 

(standardized: 𝑎" = .46, unstandardized: 𝑎" = .36, 𝑝 < .001), and reminiscing (standardized: 

𝑎# = .39, unstandardized: 𝑎# = .28, 𝑝 < .001). There were significant associations between NA 
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and anticipating (standardized: 𝑎$ = −.11, unstandardized: 𝑎$ = −.16, 𝑝 < .001), savoring the 

moment (standardized: 𝑎$$ = −.29, unstandardized: 𝑎$$ = −.44, 𝑝 < .001), and reminiscing 

(standardized: 𝑎$$$ = −.16, unstandardized: 𝑎$$$ = −.23, 𝑝 < .001). Further, savoring the 

moment was related to lower depression severity (standardized: 𝑏" = −.07, unstandardized: 𝑏" =

−.04, 𝑝 = .024), while anticipating and reminiscing were not. Bias-corrected bootstrap 

confidence intervals (based on 10,000 bootstrap samples; see Table 3) for the indirect effects of 

temporal domains of savoring between PA and depression did not include zero for savoring the 

moment (95% CI [-.028, -.002], 𝑎"𝑏" = −.01) but did include zero for anticipating (95% CI [-

.009, .012], 𝑎!𝑏! = .00) and reminiscing (95% CI [-.009, .013], 𝑎#𝑏# = .00). Similarly, bias-

corrected bootstrap confidence intervals for the indirect effects of temporal domains of savoring 

between NA and depression did not include zero for savoring the moment (95% CI [.003, .035], 

𝑎$$𝑏" = .02) but did include zero for anticipating (95% CI [-.007, .005], 𝑎$𝑏! = .00) and 

reminiscing (95% CI [-.011, .007], 𝑎$$$𝑏# = .00). Notably, there is a negative indirect effect 

between PA and depression via savoring the moment with a positive relationship between PA and 

savoring the moment. This signifies that the positive association between PA and momentary 

savoring results in reduced depression scores that accounts for a portion of the significant 

negative relationship between PA and depression (standardized: 𝑐’%& = −.16, unstandardized: 

𝑐’%& = −.08, 𝑝 < .001). The direct effect of NA on depression was also significant 

(standardized: 𝑐’'& = .49, unstandardized: 𝑐’'& = .02, 𝑝 < .001). 
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Table 3. Unstandardized path coefficients from the structural equation model using positive and 
negative affectivity to predict depression with savoring subscales as mediators (N = 1,618).  

Note. SE = Standard Error, PA = Positive Affectivity, NA = Negative Affectivity, ANT = 
Anticipating, MOM = Savoring the Moment, REM = Reminiscing, DEP = Depression, WOR = 
Worry, ANX = Anxious Arousal. The symbols appearing to the left of the direct effects (e.g., a1) 
refer to the labeled paths in Figure 1. The symbols to the left of each indirect effect coefficient 
represent the products of each of the constituent direct effects that compose each indirect effect. 
For example, symbol a1b1 represents the product of the direct effect of PA on ANT (i.e., a1) and 
the direct effect of ANT on DEP (i.e., b1), or (a1)(b1). The structural model included three 
covariates (sex, worry, and anxious arousal) as exogenous independent variables, each of which 
had direct effects on the three mediators and depression. 

Discussion 

The present study examined the relationship between affectivity (PA and NA) and 

depression symptoms via the future-, present-, and past-focused temporal domains of savoring 

beliefs (i.e., self-reported capacity to savor by anticipating, savor the moment, and savor by 

reminiscing, respectively). As predicted, results showed that PA and NA were associated with all 

three temporal domains of savoring. Savoring the moment distinctly mediated the relationship 

between affectivity and depression, whereas the other temporal domains did not mediate this 

relationship. Replicating past research, we also found a relationship between affectivity and 

depression symptoms (Chorpita, 2002; Clark & Watson, 1991; Dunn et al., 2019; Khazanov & 
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Ruscio, 2016; Watson, Weber, et al., 1995; Watson, Clark, et al., 1995). Of note, we found that 

the effect size for the bivariate relationship between NA and depression (i.e., 55% shared 

variance) was roughly three times larger than the effect size for the relationship between PA and 

depression (i.e., 18% shared variance); but given that NA is theorized to be a common factor 

shared among depression and anxiety (Watson, Clark, et al., 1995; Watson, Weber, et al., 1995), 

higher NA may also be increased due to co-occurring anxiety symptoms. These findings are 

similar to results from a meta-analysis suggesting that low positive emotionality creates an 

inherent vulnerability to depression, but perhaps to a lesser degree than previously surmised 

(Khazanov & Ruscio, 2016). 

While findings from the present study imply that structured interventions aimed at 

enhancing any of the three temporal domains of savoring may serve to attenuate levels of NA and 

bolster levels of PA and well-being, only savoring the moment is likely to reduce depression 

symptoms. This latter finding is consistent with previous research showing that momentary 

savoring capacity has a stronger negative association with depressive symptoms than do 

reminiscing and anticipating (Bryant, 2003; Carver & Johnson, 2009). Together, these findings 

indicate that developing interventions to promote savoring the moment may be effective in 

reducing depression. 

When partitioned by pre-established depression severity cutoff-scores (Kroenke et al., 

2001) the majority of the sample fell into minimal and mild depression groups, with significantly 

fewer participants in the moderate to severe groups. This result is consistent with a previous study 

conducted by Kroenke and colleagues (2001) that categorized a sample of 580 adult participants 
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into groups based on PHQ-9 depression cut-off scores. It is also critical to note that 444 

participants (27.5%) of the total present sample likely meet clinical criteria for a depression 

diagnosis as indicated by scoring 10 or higher on the PHQ-9 (Kroenke et al., 2001). Additionally, 

pairwise comparisons indicate that as participants increase in depression severity, levels of PA 

and capacity to savor the moment decrease while NA increases. This supports a dimensional 

conceptualization of the relationship between depression symptoms and individual difference 

factors, the present study indicates that a gradual decrease in PA/savoring the moment and 

increase in NA accompany a rise in depression severity. 

The present study expands on previous research that has investigated the relationship 

between positive emotion regulation and depression by assessing beliefs about positive emotion 

regulation, specifically savoring, across past, present, and future temporal domains. As such, 

these findings suggest that savoring the moment, as opposed to reminiscing or anticipating, may 

be instrumental in bolstering PA and reducing NA to ameliorate depression symptoms. This 

conclusion is further supported by positive psychological interventions that include training in 

momentary savoring strategies to reduce depression (Hurley & Kwon, 2013; McMakin et al., 

2011; Smith & Hanni, 2019). In particular, a savoring-based intervention that instructed female 

college students with symptoms of dysphoria to make positive self-attributions for recent positive 

events was effective in reducing depression symptoms and sustaining positive affect following 

positive events (McMakin et al., 2011). In another study, participants who received training in the 

use of strategies for savoring the moment, such as memory building and expressing positive 

emotions, displayed lower depression and lower negative affect after two weeks compared to a 
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control group (Hurley & Kwon, 2013). While interventions targeting reminiscing and anticipating 

may serve to increase PA and decrease NA, patients presenting with depression may require more 

specific treatment focused on savoring the present moment compared to a non-clinical sample. 

Supporting this notion, increased attention to positive stimuli is likely one mechanism through 

which savoring influences depression symptoms (Carl et al., 2013). Although it should be noted 

that savoring and mindfulness are not analogous (Bryant & Veroff, 2007), the importance of 

moment-to-moment awareness in treating depression is corroborated by mindfulness-based 

interventions (Gu et al., 2015). 

Limitations 

The present study has several limitations. First, the present results are based solely on self-

report measures. Although self-report data are often inordinately criticized (Chan, 2009), such 

measures are not without problems. Self-report methods are prone to exaggeration or 

underreporting, both of which may be caused by social desirability bias, or a tendency to present 

oneself favorably (Fisher, 1993). While the PHQ-9 is frequently used to screen for depression and 

track treatment outcomes in research studies and clinical settings, the present study did not 

implement clinical interviews to validate the self-report data. Future research in this area might 

consider using a clinical interview to confirm depression diagnoses. However, the PHQ-9 allows 

for a dimensional conceptualization of depression symptoms, which is likely to be more 

consistent with the range of affective and cognitive experiences that co-vary with depression 

symptoms (Levin et al., 2007). 

Second, the present study is limited by its cross-sectional design, which precludes 
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unequivocal conclusions about cause and effect. To overcome this limitation, future research 

should aim to extend the present findings using a longitudinal, randomized control trial (RCT) 

design to evaluate the impact of various savoring interventions designed to specifically target 

each of the three temporal domains in a sample of participants with low levels of PA and 

depression. In addition, more research is needed to understand the extent to which mindfulness-

based interventions that focus on developing moment-to-moment awareness also indirectly 

enhance positive emotion regulation and savoring the moment, or whether interventions 

specifically designed to enhance savoring of positive events in the moment effectively reduce 

depression. Additionally, all subscales (anticipating, savoring the moment, reminiscing) measure 

one’s capacity to generate positive feelings in the moment while focusing on either past, present, 

or future positive experiences (Bryant & Veroff, 2007). Studies utilizing experience sampling 

methods (e.g., Koval et al., 2013) offer stronger conclusions regarding temporal fluctuations of 

emotion and depression symptoms. 

The presence of multicollinearity, or tautological logic, can be argued due to the high 

correlation between NA and depression in the present sample and the fact that depressed mood 

(NA) forms a central construct of depression. Other researchers analyzing the association 

between affectivity (measured with the MASQ) and depression concluded that tautological logic 

did not compromise their analyses (Dunn et al., 2019). Additionally, the constructs of NA and 

depression are theoretically distinct despite being related. NA is conceptualized as a general 

indicator of distress observed across depression, anxiety, and other psychopathology types 

(Watson & Clark, 1984). It is conceptually disparate from positive emotions; one with high NA 
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does not necessarily also lack joy, excitement, or enthusiasm, which are hallmarks of depression 

(Watson & Clark, 1984). Nitschke and colleagues (2001) corroborated this conceptualization via 

factor analysis, illustrating that the MASQ-NA subscale overlaps with anxiety and depression 

factors. Other research indicates that the MASQ-PA scale is a superior means of screening for 

depression compared to the MASQ-NA scale, further suggesting that NA is conceptually distinct 

from depression (Bredemeier et al., 2010). The PHQ-9, on the other hand, was designed to map 

onto criteria for major depressive disorder diagnosis in the Diagnostic and Statistical Manual of 

Mental Disorders (Kroenke & Spitzer, 2002). As such, the PHQ-9 was formulated for use in 

clinical settings with robust diagnostic sensitivity (Kroenke & Spitzer, 2001, 2002). Nonetheless, 

further clarification on the overlap between affectivity and depression are grounds for future 

research. 

Finally, a post-hoc power analysis—using the bmem package (Zhang, 2014), specifying 

1,000 Monte Carlo simulations, each with 1,000 bootstrap samples—indicated that the present 

sample provided less than optimal statistical power. In particular, our present sample (N = 1,618) 

yielded 60.5% power to detect a significant indirect effect of savoring the moment between 

PA/NA and depression via bootstrapping. Further analyses indicated that a sample size of 2,700 

is required in order to reach 80% power for these indirect effects. This latter finding underscores 

the fact that researchers need to recruit large sample sizes to detect significant effects in complex 

mediation models. 

Conclusion 

This is one of the first studies to examine the degree to which the three temporal domains 
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of savoring mediate the relationship between affectivity and depression symptoms. Interventions 

that focus on bolstering any of the temporal domains of savoring may benefit those with low PA 

or high NA. However, enhancing momentary savoring may be the critical temporal domain to 

consider adapting as an intervention to ameliorate depression. Overall, our results suggest that 

interventions targeting positive emotion regulation may have considerable benefit for clinical and 

non-clinical populations. In advancing this research, RCT methodology should be implemented 

to confirm causality and benefit among individuals with depression disorders. 
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CHAPTER THREE 

NEURAL CHRONOMETRY OF EMOTION REACTIVITY AND REGULATION 

Healthy emotion regulation abilities are integral to wellbeing (Gross, 1998; Gross & 

Muñoz, 1995; Koole, 2009; Sapolsky, 2007). Emotion regulation refers to psychological 

processes that influence an initial emotional response (Lewis et al., 2010), including modulation 

of positive and negative affective states (Koole, 2009). This also includes attenuating upsetting, 

or enhancing positive aspects, of a situation (Gross, 1998b). Emotion regulation and reactivity are 

interrelated constructs. An individual’s ability to regulate emotions is predicated upon emotion 

reactivity, or how an individual experiences an initial baseline affective response to a stimulus, 

which spans feelings, behavioral manifestations, and bodily reactions (Gross & Thompson, 

2007). Emotion regulation implies that a change has occurred from baseline reactivity to an 

affective stimulus. Poor emotion regulation strategies are associated with a myriad of risks for 

poor health and wellbeing, including worsened social functioning (e.g., avoidance of close 

relationships, few positive relationships, and disinclination to share emotions with others; Gross, 

1998a; Gross, 2002; Koole, 2009), as well as lower self-esteem and life satisfaction (Gross, 

1998a; Koole, 2009; Ochsner et al., 2002). Poor emotion regulation is also associated with 

bullying and victimization among youth (Walcott & Landau, 2004), physical ailments such as 

hypertension and coronary heart disease (Hinton et al., 2009; Jorgensen et al., 1996), exacerbated 

cortisol reactivity to stressors (Wirtz et al., 2006), and impaired cognitive functioning (Keenan, 
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2000; Ochsner et al., 2002). Further, many types of psychopathology such as depression (Bylsma 

et al., 2008; Joormann & Stanton, 2016), bipolar disorder (Townsend & Altshuler, 2012), and 

schizophrenia (Strauss et al., 2013) involve dysfunctions in emotion regulation and/or reactivity. 

Disentangling emotion reactivity and regulation is complex (Joormann & Stanton, 2016), 

and these two constructs share considerable temporal overlap in terms of affective chronometry 

(Davidson, 2018). Electroencephalography (EEG) is a psychophysiological method that can be 

used to evaluate the chronometry of reactivity and regulation processes. In particular, event-

related potentials (ERPs) facilitate assessment of neural responses to affective stimuli with 

millisecond temporal resolution (Olofsson et al., 2008). The present study used EEG methods to 

investigate the temporal course of reactivity and regulation of visual affective stimuli, with the 

broader translational aim of informing innovative development of psychological treatments and 

interventions designed to support positive health and wellbeing outcomes. 

Previous psychophysiological research has typically focused on either the neural correlates 

of reactivity or regulation, within positive or negative valence task conditions, which has 

precluded researchers from identifying a comprehensive picture of the temporal course of 

reactivity and regulation in the context of both positive and negative valence. Incorporating 

negative and positive stimuli in emotion reactivity and regulation paradigms facilitates 

comparison of reactivity and regulation conditions across valenced stimuli. Thus, in the present 

study, we implemented an experimental paradigm where participants were shown blocks of 

images of varying valence levels (positive, negative, and neutral) with different regulation 

instructions (increase/decrease emotional intensity in response to images, or passively watching). 
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As explained in more detail in the method section, we implemented a principal components 

analysis (PCA) approach to identifying ERP components (Dien, 2012; Donchin & Heffley, 

1978), and previous research on the neural correlates of emotion reactivity and regulation 

contributed to informing our selection of components. The present study is inherently exploratory 

given the novel application of PCA of PCA to identify ERP components in the context of our 

study paradigm. Below, we provide a brief overview of relevant ERP components (ranging from 

early to late) that have been implicated in emotion reactivity and regulation. We also outline 

expected patterns of results regarding these components based on extant literature. 

Early Visual ERP Components Associated with Affective Processing 

The N170 and early posterior negativity (EPN) are early visual EEG components that are 

modulated by affective stimuli (Schupp et al., 2012). The N170 is a negative peak observed at 

bilateral occipito-temporal electrode sites, occurring approximately 170 ms following stimulus 

presentation (Blau et al., 2007). A network of posterior neural structures of the extrastriate visual 

cortex appear to contribute to the N170 (Haxby et al., 2000). These structures include the 

occipital/fusiform face areas and the superior temporal sulcus in the lateral temporal cortex 

(Haxby et al., 2000). However, precise identification of brain structures associated with N170 

remains unclear, and it is likely that N170 is the product of concomitant activation across various 

brain regions that are dynamically recruited contingent upon the task at hand (Calder & Young, 

2005; Hoffman & Haxby, 2000). 

The N170 has commonly been observed in response to facial stimuli and is thought to 

reflect rapid structural encoding of faces, with increased N170 amplitude associated with threat-
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related and positive facial expressions compared to neutral facial expressions (Blau et al., 2007; 

daSilva et al., 2016; Stockdale et al., 2020). Some research indicates comparable N170 amplitude 

for positive and negative facial expressions, while other studies show enhanced N170 amplitude 

for negative compared to positive facial expressions (for a review, see Hinojosa et al., 2015; 

Stockdale et al., 2020). Enhanced (i.e., more negative) N170 amplitude has also been observed in 

response to negatively-valenced complex affective images (i.e., IAPS; Bekhtereva et al., 2015), 

albeit with a slightly later peak latency compared to face stimuli (160 - 200 ms for face stimuli 

and 200 - 240 ms for IAPS). Limited, if any research, has studied patterns of N170 activity 

evoked by positive affective images (beyond facial expressions), and identifying the temporal 

course of early neural response to both positive and negative affective stimuli is important for 

advancing treatment and intervention for psychological disorders hallmarked by transdiagnostic 

dimensions of dysregulated emotion reactivity and regulation. In the present study, we expected 

enhanced N170-like activity in response to both positive and negative stimuli. 

While studies have generally shown that N170 is sensitive to valence rather than arousal, 

the EPN has been observed in response to emotionally arousing compared to neutral stimuli in the 

200 - 300 ms window over bilateral occipital-parietal sites (Olofsson et al., 2008; Schupp et al., 

2000; Schupp, Junghöfer, et al., 2003). Potential neural generators of the EPN are located in the 

occipital cortex and may also include contributions from parietal regions (Wiens et al., 2011). 

Yoon et al. (2016) found that EPN amplitude in response to happy and fearful faces was 

augmented (i.e., enhanced negativity) compared to neutral faces in healthy control participants. 

Individual differences, including psychopathology symptoms, also modulate the EPN. For 
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example, individuals with anxiety disorders exhibited greater EPN amplitude in response to 

fearful compared to happy and neutral faces, suggesting that anxiety may specifically enhance 

response to fearful faces (Yoon et al., 2016). 

Other research has observed augmented EPN amplitude in response to pleasant compared 

to unpleasant complex emotional stimuli, suggesting a “pleasure bias” (Frank & Sabatinelli, 

2019). EPN has been observed across a variety of different tasks, inter-stimulus intervals (ISI), 

and stimulus presentation durations (Olofsson et al., 2008), leading researchers to surmise that 

EPN reflects relatively automatic processes observed even when processing resources are limited 

due to rapid presentation rates (Junghöfer et al., 2001; Schupp, Markus, et al., 2003; Schupp, 

Junghöfer, et al., 2003). This sensitivity to affective stimuli may index rapid affective amygdala 

processing of emotionally salient information (LeDoux, 1995; Morris et al., 1998) and is also 

theorized to index selective attention where evaluation of image features is contingent upon 

affectively arousing perceptual characteristics for additional processing (Dolcos & Cabeza, 2002; 

Schupp et al., 2004). Thus, highly arousing positive and negative images may elicit augmented 

EPN amplitude. Given the limited research on explicit emotion regulation and EPN/N170, 

analyses regarding regulation blocks were conducted in an exploratory manner. 

Slow Wave Components Associated with Affective Processing 

Research using EEG has implicated the LPP, a sustained positive slow wave observed 

starting as early as 300 ms following stimuli onset, as an established index of evaluative 

congruency and arousal (Olofsson et al., 2008). Research has consistently shown that LPP over 

the centroparietal cortex is augmented in response to unpleasant and pleasant compared to neutral 
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images (Cuthbert et al., 2000; Dillon et al., 2006; Foti & Hajcak, 2008; Hajcak, Moser, et al., 

2006; Hajcak, Dunning, Foti, et al., 2007; Hajcak & Nieuwenhuis, 2006; Keil et al., 2002; Moser 

et al., 2006; Olofsson et al., 2008; Schupp, Markus, et al., 2003). LPP is most pronounced for 

images that are rated as highly arousing (Bradley & Lang, 2007). LPP has been theorized to 

reflect activation of a brain network engaged in processing affective visual stimuli, including 

subcortical structures, particularly the amygdala (Bradley & Lang, 2007; Cuthbert et al., 2000; 

Keil et al., 2002; Olofsson et al., 2008; Schupp, Markus, et al., 2003), which is corroborated by 

considerable input and output connections between the visual cortex and amygdaloid nuclei in 

primates (Amaral et al., 1992). Increased levels of self-reported arousal and valence in response 

to stimuli is associated with augmented LPP amplitude (Cuthbert et al., 2000; Hajcak & 

Nieuwenhuis, 2006; Schupp et al., 2000; Thiruchselvam et al., 2011; Tritt et al., 2016). In sum, 

the LPP is sensitive to the arousal and valence of emotional stimuli. We accordingly expected 

augmented LPP in response to both positive and negative images. 

Enhanced LPP has been observed when participants described affective images in more 

negative (compared to neutral) terms (Foti & Hajcak, 2008) and when participants were 

instructed to evaluate images in affective (compared to non-affective) conditions (Hajcak, Moser, 

et al., 2006). Other research has shown reduced LPP when participants suppressed emotional 

intensity in response to viewing highly arousing affective images (e.g., Moser et al., 2006). 

However, research has not reliably demonstrated that LPP is enhanced when participants are 

instructed to enhance their emotional intensity in response to negative (Moser et al., 2006) and 

positive (Krompinger et al., 2008) affective stimuli. However, increases in centroparietal and 
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frontal LPP were observed when participants were asked to savor (i.e., upregulate) positive 

images compared to passively viewing images (Wilson & MacNamara, 2021). Thus, we expected 

LPP modulations congruent with the regulatory goals. 

Disentangling Overlapping Neural Processes Implicated in Reactivity and Regulation: A 

Principal Components Approach 

Nearly all of the ERP research reviewed above involved submitting windowed averages, 

or area measures to statistical analyses, which is a common practice in ERP research. However, 

this method may be inadequate in dealing with the thorny issue of components that overlap 

temporally (Donchin & Heffley, 1978; Foti et al., 2009), which is of primary consideration in this 

present study since a primary aim of this study is to investigate the temporal courses associated 

with emotion reactivity and regulation. Indeed, there is speculation that N170 modulation due to 

emotional expressions may be due to superimposed EPN activity (Rellecke et al., 2013). 

Similarly, LPP may overlap with P3, a parietally maximal component peaking in the 300-400 ms 

window that is sensitive to task relevant and motivationally significant stimuli (Polich & Kok, 

1995), and even later portions of EPN (Schupp et al., 2004). To address this issue, we used an 

exploratory temporal principal components analysis (PCA) to isolate distinct ERP components 

across time. PCA is a dimension reduction technique that identifies a new set of variables that are 

linear combinations of the original variables. In the context of ERPs, these new variables 

represent latent components that may not be apparent by visually inspecting ERP averages. For 

example, if there were two temporally overlapping ERP components with equal magnitude but 

opposite directionality (positive and negative), the two components would negate each other and 
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not be observable via inspection of grand average ERPs. Temporal PCA, on the other hand, 

would extract these components provided that the experimental paradigm reliably produces them. 

The Present Study 

The present study was designed to evaluate the temporal course of emotion reactivity and 

regulation to positive and negative stimuli, using EEG methods. Our experimental paradigm 

included 120 different standardized complex affective stimuli (40 positive, 40 neutral, and 40 

positive) from the Open Affective Standardized Image Set (OASIS; Kurdi et al., 2017). 

Participants were given directions to increase or decrease (i.e., upregulate or downregulate) 

emotional intensity in response to positive and negative images, as well as to passively view 

them. Participants also passively viewed the block of 40 neutral images for a total of seven 

regulatory blocks. Using an exploratory PCA approach, we examined the evoked neural response 

to each regulatory block. We expected that highly arousing positive and negative compared to 

neutral stimuli would be associated with enhanced ERP components retained from the PCA (e.g., 

approximating N170, EPN, LPP). Related, indicative of an arousal effect, we expected reduced 

LPP in decrease blocks relative to passive watch conditions, and increased LPP in increase blocks 

relative to passive watch conditions. Analyses of regulatory effects on ERN/N170 were 

conducted in an exploratory manner. All data and R code are available on the Open Science 

Framework (https://osf.io/p5ba9/). 

Method 

Participants 

54 participants were recruited from a college campus for the study (n = 29 women, n = 2 
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non-binary). Participants ranged in age from 18-29 (M = 19.84 years, SD = 1.95). The sample 

was 70.6% white, 17.6% Asian, 2.0% Black or African American, and 7.8% multiracial (2.0% 

declined to answer); 9.8% reported that they were Hispanic/Latinx and 90.2% were not 

Hispanic/Latinx. Two participants were not included in subsequent analyses due to missing EEG 

or questionnaire data. The study was approved by the Institutional Review Board and informed 

consent was provided to all participants prior to beginning the experiment. 

Materials and Procedure 

Emotion Task Paradigm  

The study used 120 different OASIS images (Kurdi et al., 2017). The OASIS is a 

collection of 900 high-quality images collected from open-access online sources depicting a 

range of categories (people, animals, objects, & scenes). The OASIS was normed on arousal 

ratings collected from a diverse sample recruited through Amazon’s Mechanical Turk (Kurdi et 

al., 2017). However, the International Affective Picture System (IAPS; Lang et al., 2008) was 

used in a majority of the aforementioned research. The IAPS was developed to provide a 

standardized stimulus set of complex affective images to facilitate the comparison of results 

across different studies and enhance replication across research groups (Bradley & Lang, 2007). 

IAPS images are rated with respect to valence (negative to positive) and arousal (low to high) on 

a nine-point visual analogue scale. The copyright agreement that accompanies the IAPS mandates 

that users cannot place any of the images on computer-accessible websites. This poses 

considerable restraint on increasing reliance on online samples in behavioral research that make 

data collection from large and diverse samples faster, less costly, and more efficient (Berinsky et 
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al., 2012; Buhrmester et al., 2011; Kraut et al., 2004; Mason & Suri, 2012; Paolacci et al., 2010). 

There are also concerns about lack of diversity and inclusion with regard to the initial normative 

development of the IAPS (Villanueva et al., 2021). We selected the OASIS for the present study 

given that the updated norming process included a more diverse sample of participants, and the 

use of the OASIS facilitates comparison of results with research that goes beyond the traditional 

walls of a research laboratory. 

During the emotion task, participants viewed seven blocks of 40 images (280 total trials). 

Forty of the images were positive, 40 were neutral, and 40 were negative. The mean normative 

arousal ratings (on a scale of one to seven) from the OASIS data set were 5.71, 4.09, and 2.18 for 

positive, neutral, and negative pictures, respectively. The mean normative arousal ratings (on a 

scale of one to seven) were 4.46, 1.99, and 4.52, for positive, neutral, and negative pictures, 

respectively. Each block represented an experimental regulation condition: increase 

(positive/negative), decrease (positive/negative), and watch (positive/negative/neutral). During 

the increase condition, participants were instructed to appraise the stimulus image in a way that 

will intensify the emotion that they are experiencing. During the decrease condition, participants 

were asked to reduce the intensity of the emotion that they are experiencing. When prompted to 

watch the stimuli, participants were asked to simply view the picture as they would naturally 

without consciously attempting to modify their affective response to it. The passive “watch” 

blocks served as baseline conditions for LPP component analyses (Hajcak & Nieuwenhuis, 

2006). A key reason that a block design was selected for this study was because arousing positive 

and negative images outnumber the neutral images two-to-one, and the lower-arousing neutral 
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stimuli may produce a P3 if intermixed with higher-arousing (e.g., positive/negative) stimuli in 

the same block (Schupp et al., 2000). Further, a block design paradigm may better emulate the 

natural environment, as stimuli of congruent arousal are typically encountered in clusters rather 

than isolation (Schupp et al., 2012); however, research comparing intermixed and block designs 

for LPP and EPN have shown comparable findings between the two approaches (Pastor et al., 

2008; Schupp et al., 2012). 

At the beginning of the task, participants completed three practice trials that consisted of 

10 images that are not used elsewhere during the task (Hajcak & Nieuwenhuis, 2006). 

Participants were instructed to increase or decrease emotional arousal in response to a mixture of 

positive and negative images, respectively. Participants were also asked to watch a third practice 

trial comprised of positive, negative, and neutral images. Stimuli were presented in random order 

within each block. Prior to each practice trial, participants were provided with instructions on 

how to regulate (increase/decrease) their affective response to the stimuli, or to simply view the 

stimuli (Moser et al., 2006). Participants were instructed which regulation strategy to engage in 

(increase, decrease, or watch) at the start of each experimental block. Once the participant was 

ready, an OASIS stimulus appeared for 2000 ms (Foti et al., 2009; Hajcak & Olvet, 2008). 

Following stimulus offset, a blank screen appeared for 500 ms followed by a fixation cross for 

1500 ms (± 250 ms) for a total ISI of 1750 - 2250 ms (see Figure 2 for a visual depiction of the 

experimental paradigm used in the present study). This interval is identical to other studies that 

used the IAPS and investigated LPP (Dunning & Hajcak, 2009; Hajcak et al., 2009). Stimuli 

within each block were presented in random order. Each block was separated by a break and 
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presented in pseudo-random order, such that no valence (i.e., positive or negative) nor regulation 

(i.e., increase, decrease, or watch) conditions were presented consecutively. After each 

experimental block, valence and arousal ratings were collected using a seven-point likert scale 

and the same instructions used in Kurdi, Lozano, and Banaji’s (2017) norming study of the 

OASIS stimuli set. Furthermore, task difficulty ratings on a seven-point likert scale were also 

obtained. Affective visual stimuli elicit increased arousal and valence self-report ratings (Bradley 

& Lang, 2007; Kurdi et al., 2017; Olofsson et al., 2008) and are sensitive to reappraisal (e.g., 

Thiruchselvam et al., 2011). Thus, we conducted exploratory analyses with self-report ratings as 

the dependent variable and block type as the independent variable. 
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Figure 2. Experimental paradigm utilized in the present study. 

Apparatus and Physiological Recording 

Scalp electroencephalography (EEG) was measured while participants completed an 

emotion regulation task (Figure 2). Participants were seated in a comfortable chair, approximately 

24 inches from a 24-inch LCD monitor in a quiet, dimly lit room. The viewing distance was 

approximately 24 in. and occupied 25° of the vertical visual angle and 30° horizontally (Cuthbert 

et al., 2000; Hajcak & Nieuwenhuis, 2006). The experiment was computer-administered using E-

Prime 2.0 software (Schneider et al., 2002) in order to manipulate the timing and presentation of 

stimuli. All stimuli were presented in color and occupied the entirety of the 21-inch monitor. 

Participants were monitored by a task administrator in a nearby room and received task 
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instructions by intercom. EEG data were recorded using a Biosemi Active2 EEG system. A 

custom-designed Falk Minow 64-channel cap with equidistantly spaced BioSemi active Ag and 

AgCl electrodes was used for data collection. CMS/DRL was placed near the vertex, and two 

electrodes were located on the mastoid bones. After placement of the electrode cap, electrode 

positions were digitized. An additional electrode was placed on the inferior edge of the orbit of 

each eye to monitor vertical eye movements; nearby electrodes in the cap (lateral to each eye) 

monitored horizontal eye movements. Data were recorded with a band pass of 0 – 104 Hz at a 

sampling rate of 512 Hz.  

EEG Data Reduction: PCA Approach 

The following EEG data processing steps were implemented in Brain Electrical Source 

Analysis software (BESA, Version 7; Scherg & Berg, 1990). Following the adaptive artifact 

correction method (Ille et al., 2002), ocular artifacts were corrected using a spatial PCA filter. 

EEG data were re-referenced to the (Hajcak, Moser, et al., 2006; Hajcak & Nieuwenhuis, 2006) 

average reference of all electrodes for analyses and digitally filtered with 0.01 Hz high-pass and 

30 Hz low-pass filters with a cutoff attenuation of 12 dB/octave. EEG data were re-referenced to 

the average activity of all electrodes. While it is convention to re-reference data to average 

activity of the mastoids for LPP analysis, a covariance matrix was utilized in the PCA, which is 

inherently mean corrected (Dien, 2012). Thus, minimal effects would be expected as a function of 

referencing scheme for temporal PCA (though this is not the case for spatial PCA; see Dien, 

2012). Muscle activity and other artifacts were corrected through implementing an algorithmic 

scan of continuous EEG data in BESA (fixed threshold criteria: amplitude > 120 uV; gradient > 
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75 uV, low signal <.01 uV). Data were baseline-adjusted by subtracting the average activity for 

200 milliseconds (Moser et al., 2006) before stimulus onset. 

To discriminate among temporal sources of variance across the time course of ERPs, ERP 

averages were submitted to a temporal PCA to derive linear combinations of data that distinguish 

activity across timepoints. A temporal PCA was performed using the Psych package (Revelle, 

2020) in R version 4.0.3 (R Core Team, 2020) with a covariance matrix. A covariance matrix was 

used to retain the original units of measurement (i.e., voltage) for the average ERPs for each 

timepoint (Donchin & Heffley, 1978). The temporal PCA used all timepoints (-200 ms - 2000 

ms) as variables and all 55 participants, seven stimuli blocks, and 66 recording sites as 

observations, yielding linear combinations of timepoints and “temporal” factors (Dien, 2012). To 

determine the number of components to retain for rotation, a parallel analysis (Horn, 1965) was 

performed on the resultant Scree plot. The parallel analysis creates Scree plots of the actual and 

simulated fully random data to determine the number of components that explain more variance 

than if only chance alone were acting. Based on the parallel analysis, 22 components were 

retained for rotation. An Promax rotation was then used on the 22 components because it does not 

impose orthogonality, and simulation studies suggest that Promax is most effective for temporal 

PCA (Dien, 2010; Dien et al., 2007). The time course of each of the 22 components was 

inspected by plotting the covariance loadings along each timepoint. Given the a priori nature of 

the ERP components of interest, those PCA components with covariance loadings in time 

windows that fit descriptions of LPP and early visual components (e.g., N170, EPN) were 

retained for further analyses. 
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Spatial information is retained in PCA; the topography of each factor is encoded in the 

mean amplitude of factor scores at each recording site (Dien, 1998). Thus, scalp topographies of 

each component for each condition was inspected to determine correspondence of components 

and ERP components of interest. Five components were extracted for statistical analyses based on 

inspection of topographic plots and ERP waveforms. Two of the retained components represented 

LPP-like components that have positive peaks at 381 ms and 740 ms with the former 

demonstrating activity at PO7 and PO8 electrode sites and the latter at PO7, PO8, PO3, PO4, P1, 

P2, P5/P3, P6/P4 and Pz electrode sites. Three components represented early visual components 

with positive peaks at 124 ms, 162 ms, and 259 ms with activity at PO7 and PO8 electrodes sites. 

While no a priori hypotheses were made regarding ERP components occurring as early as 124 

ms, we decided to retain the component for exploratory analyses. While the time course of the 

162 ms component corresponded to N170, the positive directionality of the waveform did not. 

Two components with temporal loading peaks 259 ms were retained: a positive component noted 

earlier and a negative component at CPz and Pz electrodes sites, which represents EPN. No 

frontal LPP component was identified. See Figures 3 and 4 for grand average ERPs before and 

after PCA (collapsed across all blocks) as well as the top two rows of Figure 5 for grand average 

topographic plots before and after PCA. 
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Figure 3. Grand average ERP waveform collapsed across experimental blocks at PO7/PO8 
electrode sites and resulting PCA component waveforms. 
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Figure 4. Grand average ERP waveform collapsed across experimental blocks at CPz/Pz 
electrode sites and PO3/PO4, PO7/PO8, P1/P2, P3/P4, P5/P6, and Pz as well as resulting PCA 
component waveforms. 

Results 

Analytic Strategy 

Analyses were run in R version 4.0.3 (R Core Team, 2020). Multilevel modeling (MLM) 

analyses were conducted using the lme4 package (Bates et al., 2015). All linear mixed models 

were estimated using REML with participants included as random intercepts. Model assumptions 

were checked via visual inspection of diagnostic plots (i.e., residual, QQ, scale-location, and 

residuals vs. leverage) generated with the performance package (Lüdecke et al., 2019). 

Repeated measures ANOVA was performed using the fitted linear mixed models to probe 
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for significant deviations from the average activity of each component and behavioral rating as a 

function of experimental block. Greenhouse-Geisser corrections were implemented to account for 

significant departures from sphericity as tested by Mauchly’s test for sphericity. Findings are 

summarized in Table 4. Each analysis resulted in a significant test statistic at 𝛼 = .05, signifying 

that block type accounted for a significant portion of the variance in each of the retained ERP 

components and behavioral ratings. Follow up pairwise t tests were conducted using the emmeans 

package (Lenth, 2020) among passive watch and regulation conditions for PCA EEG components 

and behavioral ratings. Effect sizes are interpreted in accordance with Cohen’s guidelines 

(Cohen, 1988). 

Table 4. Repeated Measures ANOVA Results with Block as the Independent Variable for each 
Extracted ERP Component from the PCA and Behavioral Ratings as Dependent Variables (𝑛 = 
54). 
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Behavioral Ratings 

Reactivity Conditions 

Regarding behavioral ratings, we observed differences in self-reported arousal and valence 

ratings among passive watch conditions (positive, negative, neutral). Statistical results for 

behavioral ratings are summarized in Figure 6, and more detailed statistical findings for each 

comparison are provided in Tables 5 and 6. Participants rated negative images more negatively 

than neutral images and positive images and more positively than neutral images. There were 

significant, medium sized reactivity effects when comparing negative and neutral conditions, as 

well as small effects between positive and neutral conditions and negative and positive 

conditions. On average, participants rated negative images as more arousing than positive images 

and positive images as more arousing than neutral images. Medium sized differences in valence 

ratings were also observed between negative and neutral conditions, small sized effects for 

positive and neutral conditions, as well as large differences between positive and negative 

conditions.  
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Figure 5. Statistical findings for pairwise t tests among each block for arousal and valence ratings. 
Differences among blocks are illustrated with box-and-whisker plots. The area between the lower 
and upper hinges correspond to the interquartile range (the 25th and 75th percentiles). The upper 
whisker extends from the hinge to the largest value no further than 1.5 times the interquartile 
range from the hinge. The lower whisker extends from the hinge to the smallest value at most 1.5 
times the interquartile range of the hinge. Data beyond the end of the whiskers are plotted 
individually as dots. Significance at the 𝛼 = .05 is denoted with asterisks. 
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Regulation Conditions  

In terms of regulation conditions, differences among passive viewing and increase 

(positive, negative) conditions were generally observed. For positive regulation conditions, 

medium-sized differences in arousal ratings were observed when comparing increase and watch 

conditions, as well as large differences between increase and decrease conditions. No significant 

difference was noted between the decrease and watch conditions. Thus, while decrease conditions 

did not meaningfully deviate from watch conditions for positive stimuli, they did deviate from 

increase conditions. Medium-sized differences in valence ratings were also noted when 

comparing increase and watch conditions, as well as small differences between decrease and 

watch conditions, and large differences between the decrease and increase conditions. In terms of 

negative regulation conditions, medium-sized differences in arousal ratings were observed when 

comparing increase and watch conditions as well as increase and decrease conditions. There was 

no difference between the decrease and watch conditions. Valence rating differences that were 

medium sized also emerged when comparing increase and watch conditions as well as decrease 

and increase conditions. 

EEG Results 

124 – 162 ms  

Statistical results for EEG components are summarized in Figure 5. More detailed 

statistical findings for each comparison are provided in Tables 5 and 6 of the Appendix. Starting 

at the earliest component extracted from the PCA with a peak at 124 ms, no reactivity or positive 

regulatory effects were observed. However, a small difference was noted for between the 
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negative increase and negative watch conditions, with greater amplitudes for the negative 

increase relative to the negative watch condition. This illustrates a difference in time course 

among regulation and reactivity starting at early neural processes. Reactivity effects began 

unfolding at the 162 ms component, with medium and small differences in negative versus 

neutral and positive versus neutral contrasts, respectively. There was also a small-sized effect 

between negative and positive images, with negative images eliciting larger 162 ms component 

amplitude. No regulation effects were observed for the 162 ms component, suggesting that this 

component may be unique to reactivity effects.  

259 ms  

Reactivity and regulation effects were noted at the 259 ms component. Medium-sized 

significant differences were noted between negative and neutral watch conditions for the negative 

and positive 259 ms components. In addition, there was a small difference between positive and 

negative images, with negative images eliciting more negative (i.e., enhanced) 259 ms amplitude 

relative to positive images. Small effects were noted between increase and watch conditions for 

positive and negative regulatory conditions, with more negative amplitudes in the increase 

relative to watch conditions. Results suggest that the 259 ms is flexible to task demands (e.g., 

reactivity or regulation) and also marks the point at which positive emotion regulation effects 

begin to unfold and negative emotion regulation ends.  

381 ms  

There were reactivity and positive regulatory effects observed at the 381 ms component. 

Large- and medium-sized effects were observed for negative and positive stimuli relative to 
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neutral stimuli, respectively, and negative stimuli elicited greater amplitude than positive images 

(small-sized effect). There was a small difference between the positive watch and positive 

increase conditions, with greater 381 ms component amplitude in increase conditions, as well as 

an additional small difference between increase and decrease conditions.  

740 ms  

Finally, reactivity effects were observed among positive, neutral, and negative images at 

the 740 ms peak that ranged from large (negative vs. neutral) to medium (positive vs. neutral, 

negative vs. positive). No regulation effects were observed except for a small effect when 

comparing the positive increase and decrease conditions. 
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Figure 6. Pre- (top row of topographic plots) and post-PCA (second row of topographic plots) 
topographical plots collapsed across all blocks and statistical findings for pairwise t tests among 
each block for each component. Pre-PCA topographic plots represent average activity across the 
time window above each plot. Electrode sites used to measure each component are highlighted in 
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the post-PCA topographic plots. Differences among blocks are illustrated with box-and-
whisker/violin plots below the topographic plots. The width of the violin plots corresponds to the 
number of cases, or density, with that level of the dependent variable. Regarding the box-and-
whisker plots, the area between the lower and upper hinges correspond to the interquartile range 
(the 25th and 75th percentiles). The upper whisker extends from the hinge to the largest value no 
further than 1.5 times the interquartile range from the hinge. The lower whisker extends from the 
hinge to the smallest value at most 1.5 times the interquartile range of the hinge. Data beyond the 
end of the whiskers are plotted individually as dots. Significance at the 𝛼 = .05 is denoted with 
asterisks. 

Table 5. Pairwise t test Results for Watch Conditions for each Extracted ERP Component as well 
as Arousal and Valence Behavioral Ratings. 
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Table 6. Pairwise t test Results for Upregulation and Downregulation Conditions for each 
Extracted ERP Component as well as Arousal and Valence Behavioral Ratings. 

 

Discussion 

We explored the neural time course of emotion reactivity and regulation with an 

exploratory temporal PCA approach in the present study. We found that emotion reactivity 

unfolded starting at 162 ms and generally continued through the first 1000 ms following stimulus 

presentation, with negative stimuli consistently eliciting enhanced amplitude relative to positive 

stimuli. Regarding emotion regulation, different patterns emerged that were contingent upon 
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whether the stimuli were positive or negative, and negative regulatory effects unfolded early in 

the time course at 124 ms while positive regulatory effects were observed slightly later, starting at 

259 ms. Only upregulation effects were observed for positive- and negative-valenced conditions 

relative to passive watch conditions, and no downregulation effects were found. Overall, this 

suggests that emotion reactivity unfolds more consistently throughout the neural time course, 

with enhanced activity for negative stimuli compared to positive stimuli. Regulatory effects are 

smaller, and their time course is contingent upon valence.  

The earliest component retained from our PCA, a positive 124 ms peak, did not display 

any reactivity or positive regulatory effects. However, it is the point at which we first observed a 

regulatory effect for increasing affect in response to negative images (relative to passive 

viewing). This finding challenges the notion of emotion regulation implying change from initial 

reactivity (Lewis et al., 2010) and begs the question: does emotion reactivity necessarily precede 

regulation? More research is needed to adequately address this question, though it appears that 

our findings support Joormann’s and Stanton’s assertion that disentangling the two processes is 

complex, and they may share overlap in terms of chronometry (Joormann & Stanton, 2016). This 

finding also indicates that negative emotion regulatory processes may be implicated earlier in the 

neural time course when compared to positive emotion regulation or emotion reactivity. 

Interventions that aim to modify neural mechanisms of negative emotion regulatory processes 

should likely focus on these earlier mechanisms. 

For the next extracted component at 162 ms, passively viewing positive and negative 

stimuli elicited amplitude relative to neutral stimuli. Within the present study, this marks the 
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timepoint at which reactivity processes begin to unfold throughout the rest of the neural time 

course of extracted PCA components (i.e., the first 1000 ms following stimulus presentation). We 

also found that negative images elicited augmented amplitude relative to positive images (and for 

all subsequent components). This pattern of findings largely fits with research investigating later 

slow wave components (i.e., enhanced amplitude for emotional stimuli, with greater effects for 

negative stimuli, e.g., Foti et al., 2009; Frank & Sabatinelli, 2019). No regulatory effects were 

found for this 162 ms component, implying that activity within this time window is specific to 

emotion reactivity. This also illustrates that negative emotion regulation is not necessarily a 

continuous process. Rather, it is implicated at certain points in the time course. In sum, 

interventions targeted at emotion reactivity may consider neural processes starting very early in 

the time course and through the time course. 

The next timepoint, 259 ms, is the sole timepoint in the present study where reactivity, 

positive emotion regulation, and negative emotion regulation effects were observed concurrently. 

This implies that the 259 ms component is flexible to task demands (e.g., reactivity or regulation) 

and also marks the point at which positive emotion regulation effects begin to unfold and 

negative emotion regulation ends. With regard to reactivity, no effect was found when comparing 

neutral and positive stimuli. Rather, negative images elicited augmented amplitude relative to 

neutral and positive stimuli. This contradicts a “pleasure bias” observed in another negative peak 

component (the EPN) often observed in this time window (Frank & Sabatinelli, 2019). One 

possible explanation for this discrepancy is our use of PCA, which addresses the issue of 

overlapping waveforms - a problem that windowed averages are vulnerable to (Donchin & 
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Heffley, 1978). Concerning regulatory effects, significant differences were observed for both 

positive and negative stimuli, ultimately implying that early visual ERP processes may play a 

larger role in emotion regulation than previously surmised. Of note, only upregulation effects 

were observed. It may be that this component is specific to increasing emotional intensity, or that 

our paradigm was unsuccessful in eliciting downregulation effects, as indicated by null findings 

in other ERP components and behavioral arousal ratings. 

There was a continuation of reactivity effects in the two extracted positive slow wave 

components at 381 ms and 740 ms. Highly arousing positive and negative images eliciting 

enhanced slow wave ERPs (i.e., LPP) is a common finding in research investigating the neural 

time course of affective processing with the IAPS (Cuthbert et al., 2000; Hajcak, Dunning, & 

Foti, 2007; Hajcak et al., 2009; Krompinger et al., 2008; Moser et al., 2006; Schupp et al., 2000; 

Tritt et al., 2016). It is also largely consistent with past research examining emotion reactivity 

with PCA (e.g., Foti et al., 2009). Smaller effects were found for positive images compared to 

negative images in the 381 ms and 740 ms components, which is also consistent with previous 

literature (Foti et al., 2009; Frank & Sabatinelli, 2019). Of note, these findings are somewhat at 

odds with a 2012 study by Liu and colleagues (2012) that found comparable effect sizes between 

positive and negative stimuli for centroparietal LPP. Differences between the present study and 

Liu et al. (2012) may be attributed to different high-pass filters (.01 Hz versus .1 Hz), 

experimental paradigms (block vs. randomized design), and use of PCA vs. averaging of time 

windows. Future researchers should be mindful of these factors as to facilitate replicability of 

results. 
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Regulation effects were found in the 381 ms component for the positive increase condition 

relative to the neutral and decrease conditions. This contrasts with previous literature reporting 

null findings in positive increase conditions for positive slow wave components (Krompinger et 

al., 2008; Moser et al., 2009), which was attributed to a theorized ceiling effect that results from 

automatic capture of attentional resources by motivationally relevant stimuli. However, our 

results did align with Wilson and MacNamara (2021), who adopted a novel paradigm that 

instructed participants to savor positive IAPS stimuli, with language consistent with Bryant’s 

(Bryant, 1989; Bryant & Veroff, 2007) conceptualization of savoring. Notably, our instructions 

prompted participants to reappraise the images in a manner that elicited greater emotional 

intensity, while Wilson and MacNamara intentionally did not use such language on the basis of 

the notion that the cognitive demands of reappraisal may actually contradict the goal of 

increasing emotional intensity. This may explain why our 740 ms component was not modulated 

by regulatory condition, while Wilson and MacNamara found such an effect at a parieto-occipital 

LPP site occurring in the 1,000 - 6,000 ms time window using windowed averages. Future 

researchers would benefit from incorporating elements of Wilson and MacNamara’s study as well 

as ours: inspection of earlier EEG components, use of PCA rather than windowed averages, and 

employing paradigms instructions designed to more directly tap into the psychological constructs 

of interest. The lack of negative regulatory effects in our slow wave components is surprising 

given findings showing a reduction in LPP for when decreasing emotional intensity in response to 

negative and positive images (Krompinger et al., 2008; Moser et al., 2009, 2014, 2006). Indeed, it 

is possible that our block-design paradigm with seven different regulatory conditions failed to 
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capture such an effect, as other researchers have utilized randomized designs. The presence of 

type II error also cannot be ruled out, and future replication is the only way to ascertain the 

presence of a true effect. 

There are several limitations to the present study. The psychophysiological data collected 

are cross-sectional and causation cannot be inferred. The present study’s exclusionary criteria 

(only recruited participants who were right-handed, not color-blind, and learned English as a first 

language) and reliance on a convenience sample mostly comprised of white college students 

limits ability to generalize findings to a more diverse population. While much research on this 

topic (the present study included) relies on convenience samples (e.g., Hajcak & Nieuwenhuis, 

2006; Kim & Hamann, 2007; Moser et al., 2006), future research should investigate the 

chronometry of emotion reactivity and regulation across the lifespan and study diverse samples. 

Conclusion 

In conclusion, the present study illustrated a cascade of early and slow wave ERP 

components that were modified in reactivity conditions. There were consistent emotion reactivity 

effects observed for positive and negative stimuli starting at 162 ms and generally throughout the 

first 1000 ms of the neural temporal course. Different temporal windows of regulatory effects 

emerged depending on stimulus valence, with negative regulatory effects unfolding from 124 ms 

to 159 ms, and positive regulatory effects unfolding from 259 ms to 381 ms. These are important 

considerations in devising neuroscience-informed treatments for individuals who experience 

dysregulated emotion reactivity and/or regulation. Additionally, this is one of the first studies to 

examine the neural time course of affective processing using the OASIS stimuli set, which 
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includes high quality images, spans a number of semantic categories, and is open access (Kurdi et 

al., 2017). The present study provides a more holistic perspective of the time course of emotion 

reactivity/regulation in response to positive and negative stimuli. Identifying neural 

implementations of emotion reactivity and regulation will be crucial for developing therapeutic 

and pharmacological interventions for those suffering from psychological and physiological 

ailments. It may also bring us a step closer to harnessing the mechanisms of wellbeing. 
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CHAPTER FOUR 

A POTENTIAL NEURAL MECHANISM SUPPORTING THE BRIGHTENING EFFECT IN 

DEPRESSION 

Impaired emotion reactivity has been observed in individuals with major depressive 

disorder (MDD; e.g., Joormann & Stanton, 2016; Rottenberg, 2005) which is associated with 

decrements in interpersonal relationships, poor work performance and burnout, and reductions in 

physical wellbeing (Druss et al., 2009; Kessler et al., 2006; Lewinsohn et al., 2003). Emotion 

reactivity refers to an individual’s initial baseline affective response to a stimulus, and it is 

marked by alterations in a number of response systems, such as perception, expressive behavior, 

feeling, and physiology (Ekman, 1992; Keltner & Gross, 1999). Consistent with Russell’s (1980) 

affective circumplex framework, reactivity can vary with regard to arousal (not arousing to very 

arousing) and valence (negative to positive; Gross & Jazaieri, 2014). There are three predominant 

views of emotion reactivity in depression based on laboratory-based research: negative 

potentiation, positive attenuation, and emotion context insensitivity (ECI). The negative 

potentiation view states that negative mood (i.e., diffuse and slow-moving feeling states with 

weaker ties to specific events and stimuli in one’s environment; Watson, 2000) in MDD is due to 

potentiated emotional reactivity in response to negative emotional stimuli. Positive attenuation 

holds that   those with MDD will have reduced emotional reactivity in response to positive 

stimuli (Rottenberg, 2005). The negative potentiation and positive attenuation views are not 



 

 

64 

mutually exclusive; those with MDD can theoretically display both attenuated positive and 

potentiated negative emotion reactivity. The ECI theory maintains that MDD is marked by a 

pattern of reduced reactivity to both positive and negative stimuli (Rottenberg, 2005). While the 

ECI theory is compatible with the positive attenuation theory, it hypothesizes attenuated 

reactivity in response to negative stimuli as well, which is at odds with the negative potentiation 

theory. 

Bylsma and colleagues (Bylsma et al., 2008) conducted a meta-analysis examining the 

evidence for each of these three theories of emotional reactivity in MDD. Studies used in the 

meta-analysis included participants with a diagnosis of current MDD using Diagnostic and 

Statistical Manual of Mental Disorders (DSM) criteria, a reference group, and measures of 

emotional reactivity that included self-report, expressive behavioral, or peripheral physiological 

measures/indicators (Bylsma et al., 2008). Results illustrated that MDD was consistently 

associated with consistent reductions in positive emotion reactivity and negative emotion 

reactivity (i.e., providing support for the ECI theory), and that effect sizes were greater for 

reductions in positive emotional reactivity than negative emotional reactivity (Bylsma et al., 

2008). Additional research is needed to reconcile these findings with research that has found 

support for the negative potentiation theory (Chan et al., 2007; Ellis et al., 2010), though results 

support that positive attenuation is a robust feature of depression. Despite some inconsistent 

findings regarding negative emotion reactivity in depression, research using self-report and 

physiological methods to measure emotion reactivity supports the ECI view (Bylsma et al., 

2008), or that there is attenuated emotion reactivity in response to positive as well as negative 
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stimuli. 

Research grounded in daily life experiences using ecological momentary assessment 

methods have found results in the opposite direction than those derived in laboratory assessments, 

or that individuals with MDD exhibit a “brightening effect” with greater reactivity to positive 

events (Khazanov et al., 2019a). One potential explanation for these findings is that those with 

depression harbor more negative expectations for future events (Khazanov et al., 2019a), and 

these lower expectations amplify responses to positive stimuli (McNamara et al., 2013). It is 

unclear why laboratory settings have failed to replicate a brightening effect, though it is possible 

that standardized stimuli are less salient than real day-to-day experiences (Khazanov et al., 

2019a).  

While four possible frameworks (negative potentiation, positive attenuation, ECI, 

brightening effect) have been previously discussed in the literature, these frameworks do not fully 

embrace all eight possible patterns of emotion reactivity that might be observed in individuals 

with depression (see Figure 7). The present study will evaluate all possible patterns of emotion 

reactivity that might covary with depression symptoms, beyond the four existing frameworks that 

are included in the literature. Given the laboratory context of the present study, our hypotheses 

were ultimately informed from other laboratory-based studies, which appear to provide the most 

support for the ECI view. Therefore, consistent with the ECI theory, we hypothesized that 

attenuated reactivity to positive and negative stimuli, as measured via electroencephalography 

(EEG), would be associated with increased depression symptoms. 
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Figure 7. Visualization of possible emotion reactivity patterns. The left column represents 
dimensions of emotion reactivity in terms of reactivity to positive and negative stimuli. The right 
column illustrates combinations of these possible patterns based on four existing frameworks of 
emotion reactivity in depression; however, other combinations may also exist, such as concurrent 
positive attenuation and negative potentiation and concurrent positive and negative potentiation. 

EEG offers millisecond temporal resolution (Olofsson et al., 2008) that contributes to 

further refining our understanding of the temporal course of neural correlates implicated in 

emotion reactivity dysfunction in depression in order to contribute to the development of 

neuroscience-informed treatments for depression. Previous research investigating emotion 

reactivity in depression using EEG has predominately focused on later positive slow wave 

components that are measured with windowed averages (Hill et al., 2019; Weinberg et al., 2016, 

2017). A relatively narrow focus on slow wave components might overlook important neural 

processes occurring earlier in the time course of emotion reactivity and might be susceptible to 
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measuring overlapping components (Donchin & Heffley, 1978). Thus, in the present study we 

implemented a principal components analysis (PCA) approach to measuring event-related 

potentials (ERPs) in order to identify distinct temporal components, and we also investigated 

earlier indices of neural activity.   

Low Positive Affectivity and Emotion Reactivity in Depression 

Anhedonia is a hallmark symptom of MDD (American Psychiatric Association 2013; 

Treadway & Zald, 2011). Anhedonia negatively impacts daily function, predicts poor treatment 

response, indicates risk for future depressive episodes, and shows specificity with regard to 

depression diagnosis (Khazanov et al., 2019a; Watson & Naragon-Gainey, 2010). While high 

negative affectivity (NA) may be a global indicator of distress in depression and anxiety disorders 

(Watson & Clark, 1984), low positive affectivity (PA) is a trait that is closely related to 

anhedonia (De Fruyt et al., 2020). Low PA is a catalyst for exacerbated depressive 

symptomatology (Clark & Watson, 1991; Davidson, 1998; Kahrilas et al., 2020; Watson et al., 

2015). PA reflects one’s disposition to experience intense and frequent episodes of pleasant 

moods (Watson, 2009), such as happiness, interest, energy, and self-assurance (Mineka et al., 

1998; Watson & Naragon-Gainey, 2010) as well as level of pleasurable engagement with one’s 

environment and ability to respond to positive events (Watson et al., 1988; Watson, 2009; 

Watson & Naragon-Gainey, 2010). Further, PA influences reactivity to positive emotions and 

experiences, as well as disposition to recognize, attend to, and ultimately experience positive 

emotions (e.g., happiness, interest, energy, and self-assurance; Watson, 2009). Moving forward, 

developing evidence-based strategies to target low positive affectivity and related anhedonic 
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depressive symptoms could be critical to increasing the effectiveness of successful treatment for 

depression (Forbes & Dahl, 2005; Kahrilas et al., 2020; Silton et al., 2020; Treadway & Zald, 

2011). 

Common treatments for depression, such as cognitive behavioral therapy (CBT) and 

antidepressant medication (e.g., selective serotonin reuptake inhibitors, selective norepinephrine 

reuptake inhibitors, tricyclic antidepressants, and monoamine oxidase inhibitors; Price & Drevets, 

2010) have primarily focused on ameliorating distorted thought patterns and neurotransmitter 

systems pertaining to negative affect (Argyropoulos & Nutt, 2013; Beck, 1979; Dunn et al., 

2019). Dunn and colleagues (2019) investigated the efficacy of therapeutic and pharmacological 

approaches to treating depression. Findings showed that high negative affect (i.e. up-regulation of 

a negative valence system that promotes withdrawal from negative stimuli) and low positive 

affect (down-regulation of a positive valence system that promotes approach to rewarding 

stimuli) were both important psychological targets in treating depression, and that treatments 

aimed at enhancing the experience of positive emotions (i.e., enhancing reactivity to positive 

events/stimuli) in depression may improve efficacy. Previous depression research that focused on 

emotion reactivity has generally illustrated attenuated reactivity in response to positive stimuli 

(i.e., the positive attenuation view and ECI theory); thus, attenuated reactivity to positive stimuli 

may represent a critical mechanism related to low positive affectivity and anhedonic symptoms in 

depression. Although disordered emotion reactivity to positive stimuli may be influenced by a 

myriad of intersecting contextual factors and individual differences, emotion reactivity occurs 

“online,” and in the moment, and likely influences a cascade of other affective events that unfold 
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following initial reactivity. Thus, baseline emotion reactivity to positive stimuli may be a critical 

target for future depression treatments. As such, in the present study, we aimed to examine 

relations among PA and emotion reactivity to positive stimuli. 

Regional Brain Activity Implicated in Emotion Reactivity in Non-Clinical and Clinical 

Samples 

Non-Clinical Samples  

In functional magnetic resonance imaging (fMRI) research conducted in non-clinical 

samples, brain network activity during emotion reactivity to visual stimuli involves a visual-

subcortical network including right occipital, visual cortical, and amygdala activation in response 

to viewing affective stimuli that is modulated by arousal, with some variability in valence effects 

(Bradley et al., 2003; Lang et al., 1998; Sabatinelli et al., 2005). Right occipital cortex (i.e., 

fusiform cortex, lateral occipital cortex, and medial parietal cortex; Bradley et al., 2003), as well 

as visual cortex and amygdala (Sabatinelli et al., 2005) are implicated in an arousal effect in 

response to viewing pleasant and unpleasant affective images compared to neutral images. The 

largest changes in brain activity are associated with viewing highly arousing stimuli, regardless of 

valence (Bradley & Lang, 2007). However, positive emotional stimuli eliciting regional brain 

activity has been observed (e.g., Frank & Sabatinelli, 2019), as has greater activity for negative 

emotional stimuli (Kim & Hamann, 2007). 

Clinical Samples   

In individuals with MDD, attenuated ventral striatum activity has been observed in 

response to positive visual stimuli (Epstein et al., 2006; Lawrence et al., 2004; Surguladze et al., 
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2005). Ventral striatum activity is associated with processing of rewarding/positive stimuli 

(Epstein et al., 2006; Fliessbach et al., 2007; Schultz et al., 1992). Attenuated striatum activity 

has been related to self-reported lack of interest and pleasure in activities (Epstein et al., 2006; 

Treadway & Zald, 2011), which provides support for both the positive attenuation and ECI views 

of emotion reactivity in depression. Other studies have found enhanced activity in frontal brain 

structures involved in emotion regulation (e.g., middle frontal gyrus, cingulate cortex, 

dorsolateral PFC) during emotion reactivity to positive stimuli in those with MDD (Demenescu et 

al., 2011; Ochsner et al., 2009). This pattern of findings may index increased attention orientation 

and processing demands to mood-incongruent stimuli (Demenescu et al., 2011). Alternatively, it 

is possible that patterns of enhanced activity are consistent with the brightening effect (Khazanov 

et al., 2019b; Khazanov & Ruscio, 2016) such that individuals with depression have greater 

reactivity to positive events and stimuli. 

Regarding negative emotion reactivity, studies have indicated increased responsiveness to, 

and memory for, negative stimuli as illustrated by enhanced amygdala response to negative 

emotional stimuli (Fales et al., 2008; Savitz & Drevets, 2009) in those with MDD compared to 

controls. Increased amygdala reactivity to negative stimuli has been observed in those with severe 

depression (Sheline et al., 2001), and antidepressant medication regimen may be linked to down-

regulation of amygdala response (Fu et al., 2004; Lawrence et al., 2004; Sheline et al., 2001). In 

contrast, participants with mild-to-moderate depression severity (with and without medication) do 

not exhibit differences in amygdala activity in emotion reactivity compared to controls 

(Demenescu et al., 2011). Therefore, support for negative potentiation in depression appears to be 
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contingent upon depression severity. 

Neuroimaging Results Presently Offer an Opaque Picture of Emotion Reactivity in 

Depression   

Based on the existing neuroimaging research, there is not year a clear pattern of support 

for any of the four existing frameworks regarding abnormalities in emotion reactivity in 

depression (positive attenuation, negative potentiation, brightening effect, or ECI). In part this 

opaque picture may be a result of the relatively slow time course of the blood-oxygen-level-

dependent (BOLD) response as measured via fMRI, which most likely fails to fully capture the 

temporal course of emotion reactivity, which is observed early as 100 ms in EEG research (Frank 

& Sabatinelli, 2019; Hinojosa et al., 2015; Kahrilas et al., in prep; Stockdale et al., 2020). 

Additionally, individual differences (e.g., differences in depression severity, medication status, 

and levels of co-occurring anxiety) across studies may be contributing to obscuring clear patterns 

of brain activity. 

Neuroscience research investigating depression that does not account for co-occurring 

anxious apprehension and anxious arousal may yield mixed findings (Herrington et al., 2010; 

Sharp et al., 2015). Anxious apprehension refers to a tendency to engage in negative, ruminative 

thinking, and is analogous to enduring state worry (Burdwood et al., 2016; Ruscio et al., 2001), 

while anxious arousal entails hypervigilance and sympathetic nervous system hyperarousal to 

mild stressors (Nitschke et al., 1999). Accounting for co-occurring dimensions of anxiety can 

help clarify distinct patterns of emotion reactivity and neural activity associated with PA 

(Herrington et al., 2010; Sharp et al., 2015). Altogether, a dimensional approach to measuring 
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depression symptoms in the context of neural emotional reactivity would allow different patterns 

of neural activity to covary with degrees of illness severity and anxiety comorbidity. Therefore, in 

the present study we included measures of anxious arousal and anxious apprehension in our 

statistical models in order to more adequately capture distinct relations among low PA and neural 

activity, with the broad aim of improving the characterization of patterns of neural correlates of 

emotion reactivity in depression. Further, fMRI-based neuroimaging research does not capture 

the temporal course of emotion reactivity, which occurs as early as 100 ms (Frank & Sabatinelli, 

2019; Hinojosa et al., 2015; Kahrilas et al., in prep; Stockdale et al., 2020); thus, it is critical to 

also understand the temporal course of regional brain activity implicated in emotion reactivity. 

Evaluating the Temporal Course of Emotion Reactivity in Depression: Event-Related 

Potentials Index Dynamic Cascade of Neural Processes 

Early ERP Components  

Research conducted by our lab and others has identified early visual ERP components that 

are sensitive to reactivity to affective stimuli (i.e., N170 & EPN; Frank & Sabatinelli, 2019; 

Kahrilas et al., in prep.). Studies investigating whether these ERP components are modified in 

depression have produced mixed findings. Research from Foti and colleagues (2010) illustrated 

that early ERP components are unmodified in individuals with MDD compared to individuals 

without MDD (as indexed by enhanced vertex parietal potential, a component theorized to reflect 

perceptual processing and encoding of facial stimuli, in response to fearful/angry compared to 

neutral faces). In contrast, Dai and Feng (2012) found smaller N170 amplitudes in response to 

happy faces in sub-clinical MDD cases and enhanced N170 in response to negative faces in 
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clinical MDD cases, which is congruent with the positive attenuation and negative potentiation 

views. Chen and colleagues (2014) noted reduced N170 amplitude in response to happy, neutral, 

and sad faces in a visual emotions oddball paradigm using face stimuli for individuals with a 

current first episode of major depression. The same study indicated that participants with 

recurrent depression exhibited enhanced N170 amplitude in response to sad faces and attenuated 

N170 amplitude in response to happy and neutral faces (Chen et al., 2014), demonstrating 

patterns of emotion reactivity that vary as a function of illness history. Research investigating 

N170/EPN and emotional reactivity in response to complex affective images (e.g., International 

Affective Pictures System, or IAPS) in depression is scant, with one study finding enhanced EPN 

activation in response to negative compared to neutral images for individuals with depression 

among binge drinkers (Connell et al., 2015). Following these findings, we hypothesized that PA 

would be associated with attenuated N170 and EPN amplitude in response to passively viewing 

positive stimuli compared to neutral stimuli. Given the equivocal findings regarding these early 

components in response to negative images, analyses regarding the relationship between PA and 

N170/EPN in response to passively viewing negative compared to neutral stimuli were conducted 

in an exploratory manner. 

LPP 

Affective disorders such as MDD and dysthymia are associated with abnormal emotional 

reactivity as indexed by the late positive potential (LPP) in response to affective stimuli 

(Grunewald et al., 2019). LPP is a sustained positive slow wave EEG component observed 

starting as early as 300 ms following stimuli onset and is as an established index of evaluative 
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congruency, valence, and arousal in response to visual stimuli (Olofsson et al., 2008). LPP has 

been theorized to reflect activation of a brain network engaged in processing affective visual 

stimuli, including subcortical structures, particularly the amygdala (Bradley & Lang, 2007; 

Cuthbert et al., 2000; Keil et al., 2002; Olofsson et al., 2008; Schupp et al., 2003). LPP over the 

centroparietal cortex is augmented in the presence of unpleasant and pleasant compared to neutral 

images (Cuthbert et al., 2000; Dillon et al., 2006; Foti & Hajcak, 2008; Hajcak et al., 2006, 2007; 

Hajcak & Nieuwenhuis, 2006; Keil et al., 2002; Moser et al., 2006; Olofsson et al., 2008; Schupp 

et al., 2003) and is most pronounced for images that are rated as highly arousing (Bradley & 

Lang, 2007).  

Attenuated LPP in response to both unpleasant and pleasant affective stimuli has been 

observed in those with MDD (Foti et al., 2010; Kayser et al., 2000; MacNamara et al., 2016), 

which is consistent with the ECI view of emotion reactivity in depression (Rottenberg et al., 

2005). A study conducted by Weinberg and colleagues (2016) found that, in a sample with 

diagnoses of MDD and anxiety disorders, a diagnosis of MDD was uniquely associated with 

attenuated LPP in response to rewarding visual stimuli while a diagnosis of an anxiety disorder 

was not. The aforementioned study did not demonstrate an association with MDD diagnosis and 

reduced LPP in response to threatening stimuli (Weinberg et al., 2016), thus ultimately showing 

support for the positive attenuation view of emotion reactivity. A follow-up study found that 

those with MDD and previous suicide attempts (an index for illness severity) had blunted LPP in 

response to threatening stimuli compared to those with MDD and without a history of suicide 

attempts (Weinberg et al., 2017). This effect was unique to threatening (not rewarding) images, 
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which is consistent with fMRI accounts of depression severity altering amygdala activity patterns 

in response to negative stimuli (Demenescu et al., 2011). Overall, this illustrates differences in 

neural reactivity depending on illness severity and further underscores the need for dimensional 

measures of psychopathology rather than categorical nosology.  

Findings that illustrate negative associations among LPP elicited in response to positive 

and negative images and depression symptoms (Hill et al., 2019) provide additional support for 

the ECI view. Of note in the Hill and colleagues (2019) study was the use of structural equation 

modeling (SEM). In contrast to more ubiquitous OLS regression methods, SEM can explicitly 

model measurement error, assess overall model fit, and allow for statistical comparison of 

competing models. Hill and colleagues (2019) constructed two separate factors: a neural 

reactivity and psychopathology symptoms model. Results from this study indicated that the 

model corresponding to the ECI view provided the best fit to the data. Related, Weinberg and 

colleagues (2018) found blunted LPP in response to rewarding and threatening images in those 

endorsing lower levels of PA, a pattern of results ultimately lending support to the ECI view. 

Thus, we hypothesized that PA would be uniquely and negatively associated with LPP amplitude 

in response to positive and negative stimuli. 

Temporal PCA Approach to ERPs Improve Measurement of Distinct Components Across 

Time  

Most of the aforementioned research utilizes windowed averages, or area measures, for 

measuring ERP components. However, this method is inadequate in dealing with the thorny issue 

of overlapping components (Donchin & Heffley, 1978). For example, there is speculation that 
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N170 modulation due to emotional expressions may be due to superimposed EPN activity 

(Rellecke et al., 2013). Similarly, LPP may overlap with P3, a parietally maximal component 

peaking in the 300-400 ms window that is sensitive to task relevant and motivationally significant 

stimuli (Polich & Kok, 1995), and even later portions of EPN (Schupp et al., 2004). To address 

this issue, we utilized an exploratory temporal PCA to better isolate distinct ERP components 

across time. PCA is a dimension reduction technique that identifies a new set of variables that are 

linear combinations of the original variables. In the context of ERPs, these new variables 

represent latent components that may not be apparent by visually inspecting ERP averages. For 

example, if there were two temporally overlapping ERP components with equal magnitude but 

opposite directionality (positive and negative), the two components would negate each other and 

not be observable via inspection of grand average ERPs. Temporal PCA, on the other hand, 

would theoretically be able to retain these components provided that the experimental paradigm 

reliably produces them. Thus, the present study used a temporal PCA approach to evaluating 

neural components evoked by emotion reactivity.  

Primary Objectives of the Present Study 

To clarify the pattern of the temporal course of the neural correlates of emotion reactivity 

in individuals with depression symptoms, the present study used an SEM approach to evaluate 

several statistical models characterizing patterns of emotion reactivity (as indexed by N170, EPN, 

and LPP, derived with PCA) with PA (while accounting for co-occurring anxious arousal and 

anxious apprehension symptoms). With regard to earlier visual components (N170, EPN), we 

hypothesized that emotion reactivity in response to positive images would be negatively 
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associated with PA. No hypotheses were made regarding early visual component activity in 

response to negative images and its relation to PA, and these analyses were carried out in an 

exploratory manner.  

Method 

Overview of Study Harmonization Approach 

In order to facilitate addressing our primary research question regarding the impact of 

depression symptoms on the neural correlates of emotion reactivity, we strategically harmonized 

across two college student samples in order to increase variability in the primary variables of 

interest (e.g., low PA). Participants in both samples completed the same self-report symptom 

measures and underwent the same EEG experimental paradigm (described below in detail). The 

two samples included the following: a) an unselected non-clinical sample from an EEG 

experiment (𝑁 = 52; Kahrilas et al., in prep) and b) pre-trial baseline (T0) assessment data from a 

three-month randomized controlled trial that investigated the efficacy of Headspace in mitigating 

depression symptoms in college students (Supported Mindful Learning Study; SMiLe; N = 82). 

Participants who had elevated depression symptoms (PHQ-8 score of 10 or higher) were recruited 

into the SMiLe study for baseline assessment. Only self-report and EEG data from pre-trial 

baseline assessment were used in the present study. Approximately 15 students per each fall and 

spring semester were recruited over the course of three years (Fall 2017 - Spring 2020) for a total 

of six semesters. After harmonization, the total sample size for the present study was N = 134. 
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Participants 

Participant Recruitment and Inclusion Procedures Across Two Studies  

We recruited a non-selected sample of undergraduate students (𝑁 = 52) for an EEG study 

from a psychology department participant pool (Kahrilas et al., in preparation). Eighty 

undergraduate participants with elevated depression symptom scores (score of 10 or higher on the 

PHQ-8) were invited to participate in the Supported Mindful Learning (SMiLe) study, which was 

a three-month randomized controlled trial that investigated effectiveness of Headspace 

(www.headspace.com). Participants were recruited using listserv emails, flyers, and the 

psychology department participant pool postings. Participants that met inclusion criteria were 

randomized to one of three experimental groups and completed batteries of surveys at four 

separate timepoints.  

To determine eligibility for the SMiLe study, interested participants completed an online 

screening survey through Opinio. Inclusion criteria included the following: participants had to be 

an undergraduate at the institution from which the study was being conducted, at least 18 years 

old, and endorse clinically significant levels of depressive symptoms as indicated by a score equal 

to or greater than 10 on the Patient Health Questionnaire-8 (PHQ-8, Kroenke & Spitzer, 2002; 

Kroenke et al., 2009). For screening purposes, an eight-item version of the PHQ was utilized with 

the suicidality item omitted (per IRB request). Individuals were excluded if they had a history of 

neurological conditions or head trauma, regular practice of mindfulness in the past six months 

(which is consistent with exclusion criteria used in previous research; e.g., Van Dam et al., 2018), 

prior use of the Headspace app within the past six months, and unwillingness to join the peer 
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support group (if randomized to the Headspace with Peer Support group). 

Of the 80 participants recruited for the SMiLe study, 73 underwent the EEG paradigm, 

and 11 participants were excluded from analyses due to large amounts of EEG artifact. This 

resulted in a final total of 62 from the SMiLe study. The 62 SMiLe Study participants were 

harmonized with the sample of 52 from Kahrilas and colleagues (in preparation) for a total 𝑛 of 

114. In the harmonized sample, participants were 18 to 29 years old (𝑀 = 19.4, 𝑆𝐷 = 1.64), 75% 

of which identified as female, 21% as male, 0.9% as transgender, 0.9% as non-binary, and 1.7% 

as other. Seventy-one percent identified as heterosexual, 21% as bisexual, 4% as gay, and 4% as a 

different sexual orientation. Sixty-nine percent of participants identified as white, 15% Asian, 8% 

Hispanic or Latinx, 5% Multi-Racial, 1% as Black, and 1% as Other. 

Materials and Procedure 

To evaluate depression severity, the nine-item Patient Health Questionnaire (PHQ-9; 

Kroenke et al., 2001) was administered in the laboratory setting. PHQ-9 items are scored from 

“0” (not at all) to “3” (nearly every day) and are based on the depression criteria from the 

Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition. Internal consistency of 

the PHQ-9 in the present study was good (George & Mallery, 2003; 𝜔 = .82). 

To assess for positive affectivity and anxious arousal, the 39-item Mood and Anxiety 

Symptoms Questionnaire (MASQ; Watson, Clark, et al., 1995; Watson, Weber, et al., 1995) was 

administered. The 14-item positive affectivity (PA) Scale (MASQ-PA14; e.g., “Felt cheerful”) 

and the 17-item Anxious Arousal Scale (MASQ-AA; e.g., “Startled easily”) were used for 

subsequent analyses. Previous literature has supported these oblique factors in two independent 
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samples of individuals at-risk for depression and anxiety (Kahrilas et al., 2020; Kendall et al., 

2015; Nitschke et al., 2001). Participants rated their affectivity and anxiety symptoms using a 

five-point Likert scale from “1” (not at all) to “5” (extremely). Consistent with previous research 

(Bredemeier et al., 2010) the MASQ scales demonstrated good to excellent internal consistency 

(MASQ-PA14, 𝜔 = .95 and MASQ-AA, 𝜔 = .85). 

To measure anxious apprehension, the 16-item Penn State Worry Questionnaire (PSWQ; 

Meyer et al., 1990) was administered. PSWQ items are rated on a five-point Likert scale from “1” 

(not at all typical) to “5” (very typical). Meyer and colleagues (1990) found a high degree of 

internal consistency in the PSWQ, and the present study found excellent consistency (𝜔 = 0.94). 

Emotion Task Paradigm  

64-channel high-density electroencephalography (EEG) data were recorded while 

participants viewed seven blocks of 40 images (280 total trials). The paradigm used 120 different 

Open Affective Standardized Image Set (OASIS) images (Kurdi et al., 2017). 40 of the images 

were positive, 40 were neutral, and 40 were negative. The mean normative valence ratings (on a 

scale of one to seven) were 5.71, 4.09, and 2.18 for positive, neutral, and negative pictures, 

respectively. The mean normative arousal ratings (on a scale of one to seven) were 4.46, 1.99, 

and 4.52, for positive, neutral, and negative pictures, respectively. 

Each block represented an experimental regulation condition: increase (positive/negative), 

decrease (positive/negative), and watch (positive/negative/neutral). During the increase condition, 

participants were instructed to appraise the picture in a way that will intensify the emotion that is 

elicited by looking at it. During the decrease condition, participants were asked to reduce the 
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intensity of the emotion that is elicited by looking at the picture. When prompted to watch, 

participants were asked to view the picture as they would naturally. The passive “watch” blocks 

served as baseline conditions for LPP component analyses (Hajcak & Nieuwenhuis, 2006). A 

block design was selected for the proposed study because valenced images outnumber the neutral 

images two-to-one. The relatively rare neutral stimuli may produce a P3 if intermixed with 

valenced stimuli in the same block (Schupp et al., 2000). Additionally, LPP signal is increased 

for stimuli that are perceived as incongruent within a given affective context. Thus, a neutral 

stimulus displayed among a series of emotional stimuli would likely evoke an enhanced LPP 

activity, thus decreasing effect size (Schupp et al., 2000). Further, a block design paradigm may 

better emulate one’s natural environment, as stimuli of congruent valence are typically 

encountered in clusters rather than isolation (Schupp et al., 2012). Research comparing 

intermixed and block designs for LPP and EPN have shown comparable findings between the two 

approaches (Pastor et al., 2008; Schupp et al., 2012). 

First, participants completed three practice trials that consisted of 10 images not used 

during the actual task (Hajcak & Nieuwenhuis, 2006). Participants were instructed to increase or 

decrease emotional arousal in response to a mixture of positive and negative images, respectively. 

Participants were also asked to watch a third practice trial comprised of positive, negative, and 

neutral images. Stimuli were presented in random order within each block. Prior to each practice 

trial, participants were provided with instructions on how to regulate (increase/decrease) their 

affective response to the stimuli, or to simply view the stimuli (Moser et al., 2006). Participants 

were shown which regulation strategy to engage in (increase, decrease, or watch) at the start of 
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each experimental block. Once the participant was ready, an OASIS stimulus appeared for 2000 

ms (Foti et al., 2009; Hajcak & Olvet, 2008). Following stimulus offset, a blank screen appeared 

for 500 ms followed by a fixation cross for 1500 ms (± 250 ms) for a total ISI of 1750 - 2250 ms 

(see Figure 8 for a visual depiction of the experimental paradigm used in the present study). This 

interval is identical to other studies utilizing the IAPS and investigating LPP (Dunning & Hajcak, 

2009; Hajcak et al., 2009). Stimuli within each block were presented in random order. Each block 

was separated by a break and presented in pseudo-random order, such that no valence (i.e., 

positive or negative) nor regulation (i.e., increase, decrease, or watch) condition were presented 

consecutively. After each experimental block, valence and arousal ratings were collected using a 

seven-point likert scale and the same instructions used in Kurdi, Lozano, and Banaji’s (2017) 

norming study of the OASIS stimuli set. Furthermore, difficulty ratings on a seven-point likert 

scale were also obtained.  
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Figure 8. Experimental paradigm utilized in the present study. 

Apparatus and Physiological Recording 

Scalp electroencephalography (EEG) was measured while participants completed an 

emotion regulation task (Figure 8). Participants were seated in a comfortable chair, approximately 

24 inches from a 24-inch LCD monitor in a quiet, dimly lit room. Participants were monitored by 

a task administrator in a nearby room and received task instructions by intercom. EEG data were 

recorded using a Biosemi Active2 EEG system. A custom-designed Falk Minow 64-channel cap 

with equidistantly spaced BioSemi active Ag and AgCl electrodes was used for data collection. 

CMS/DRL was placed near the vertex, and two electrodes were located on the mastoid bones. 

After placement of the electrode cap, electrode positions were digitized. An additional electrode 
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was placed on the inferior edge of the orbit of each eye to monitor vertical eye movements; 

nearby electrodes in the cap (lateral to each eye) monitored horizontal eye movements. Data were 

recorded with a band pass of 0 – 104 Hz at a sampling rate of 512 Hz. 

The following EEG data processing steps were implemented in Brain Electrical Source 

Analysis software (BESA, Version 7; Scherg & Berg, 1990). Following the adaptive artifact 

correction method (Ille et al., 2002), ocular artifacts were corrected using a spatial PCA filter. 

EEG data were re-referenced to the average reference of all electrodes for analyses and digitally 

filtered with 0.01 Hz high-pass and 30 Hz low-pass filters with a cutoff attenuation of 12 

dB/octave. While it is convention to re-reference data to average activity of the mastoids for LPP 

(e.g., Hajcak et al., 2006; Hajcak & Nieuwenhuis, 2006), a covariance matrix was utilized in the 

PCA, which is inherently mean corrected (Dien, 2012). Thus, minimal effects would be expected 

as a function of referencing scheme for temporal PCA (though this is not the case for spatial 

PCA; see Dien (2012)). Muscle activity and other artifacts were corrected through implementing 

an algorithmic scan of continuous EEG data in BESA (fixed threshold criteria: amplitude > 120 

uV; gradient > 75 uV, low signal <.01 uV). Data were baseline-adjusted by subtracting the 

average activity for 200 milliseconds (Moser et al., 2006) before stimulus onset.  

Temporal PCA 

To discriminate among temporal sources of variance (i.e., ERP components) in the time 

course of ERPs, ERP averages were submitted to a temporal PCA to derive linear combinations 

of data that distinguish activity across timepoints. A temporal PCA was performed using the 

Psych package (Revelle, 2020) in R version 4.0.3 (Team, 2020) with a covariance matrix. A 
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covariance matrix was used to retain the original units of measurement (i.e., voltage) for the 

average ERPs for each timepoint (Donchin & Heffley, 1978). The temporal PCA used all 

timepoints (-200 ms - 2000 ms) as variables and all 113 participants, three blocks (passive 

positive, negative, and neutral viewing blocks), and 64 recording sites as observations, yielding 

linear combinations of timepoints and “temporal” factors (Dien, 2012).  

To determine the number of components to retain for rotation, a parallel analysis (Horn, 

1965) was performed on the resultant Scree plot. The parallel analysis creates Scree plots of the 

actual and simulated fully random data to determine the number of components that explain more 

variance than if only chance alone were acting. Based on the parallel analysis, 22 components 

were retained for rotation. A Promax rotation was then used on the 22 components because it 

does not impose orthogonality, and simulation studies suggest that Promax is most effective for 

temporal PCA (Dien, 2010; Dien et al., 2007). The time course of each of the 22 components was 

inspected by plotting the covariance loadings along each timepoint. To further guide our selection 

of components, we used a previous study conducted by our lab (Kahrilas et al., in prep) that 

analyzed the time course of emotion reactivity and regulation using PCA. PCA components with 

covariance loadings in time windows that fit descriptions of early visual and slow wave 

components (e.g., EPN, P300, and LPP) were retained for statistical analyses. Spatial information 

is retained in PCA; the topography of each factor is encoded in the mean amplitude of factor 

scores at each recording site (Dien, 1998). Thus, scalp topographies of each component for each 

condition was inspected to determine correspondence of components and ERP components of 

interest. Of note, portions of waveforms represented by a given PCA component can be 
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reproduced by multiplying covariance loadings by observations’ factor scores (Dien, 1998).  

Three components were retained for statistical analyses based on inspection of topographic 

plots and ERP waveforms. Two of the retained components represented later components that 

have positive peaks at 371 ms and 736 ms, with the former demonstrating activity at 

approximately PO7 and PO8 electrode sites and the latter at PO7, PO8, PO3, PO4, P1, P2, P5/P3, 

P6/P4 and Pz electrode sites. Similar to findings from Kahrilas and colleagues (in preparation), 

topography of a 257 ms component indicated a dipole of scalp activity, with positive going 

waveforms in the occipital region (PO7, PO8, O1, and O2) and negative waveforms in the 

centroparietal region (CPz and Pz). Based on our a priori interest in the EPN and considering that 

our research demonstrated EPN activity in response to emotional images (Kahrilas et al., in prep), 

we submitted the negative centroparietal activity to statistical analyses. No component 

resembling an N170 was derived from the PCA. See Figures 9, 10, and 11 for grand average ERP 

and topographic plots of the retained components before and after the PCA was performed. All 

visualizations were composed using the ggplot2 (Wickham, 2016) and eegUtils (Craddock, 2019) 

packages R version 4.0.3 (R Core Team, 2020).  
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Figure 9. Topographic and ERP plots of the negative 257 ms PCA component before and after 
temporal PCA. Top row topographic plots represent average activity in the shaded region of the 
ERP plot below it (200 - 350 ms). ERP plots represent average activity in highlighted sensors 
topographic plots (CPz and Pz). 
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Figure 10. Topographic and ERP plots of the negative 371 ms PCA component before and after 
temporal PCA. Top row topographic plots represent average activity in the shaded region of the 
ERP plot below it (80 - 1000 ms). ERP plots represent average activity in highlighted sensors 
topographic plots (PO7 and PO8). 
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Figure 11. Topographic and ERP plots of the negative 736 ms PCA component before and after 
temporal PCA. Top row topographic plots represent average activity in the shaded region of the 
ERP plot below it (475 - 1100 ms). ERP plots represent average activity in highlighted sensors 
topographic plots (PO7, PO8, PO3, PO4, P1, P2, P3, P4, P5, P6, and Pz). 
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Analytical Approach 

  SEM was conducted using the lavaan package (Rosseel, 2012). Further, the first author 

made extensive use of the dplyr (Wickham et al., 2021) package in data cleaning and 

manipulation. Tables were constructed using the kableExtra package (Zhu, 2021). Our modeling 

process largely followed that of Hill and colleagues (2019). Our first stage of modeling was to 

construct a measurement model with two latent orthogonal factors (Reactivity, and 

Psychopathology Symptoms). Positive, negative, and neutral viewing conditions served as 

indicator variables of the Reactivity factor (see Figure 12). Measures of anxious apprehension 

(PSWQ), anxious arousal (MASQ-AA), and PA (MASQ-PA) served as indicator variables for the 

Psychopathology Symptoms factor. Three separate measurement models were constructed for 

each ERP component retained from the earlier PCA. Across these measurement models, 

indicators (positive, negative, and neutral viewing conditions) of the Reactivity factor changed to 

reflect each PCA component being tested, while the Psychopathology Symptoms factor remained 

identical. The variances of both latent variables were fixed to unity (i.e., a variance of one) to set 

the metric for factor loading and covariance estimates. All loadings were freely estimated, as 

were the residual variances of each indicator variable. Each of the subsequent competing models 

were compared to their respective measurement model with a chi-square likelihood ratio test to 

determine of each model offered superior fit to the data compared to the measurement model. 
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Figure 12. The model diagrams show each model that was fitted to the data for each ERP 
component retained from the PCA. The Measurement Model (top left) treats the latent Reactivity 
and Psychopathology Symptoms factors as orthogonal constructs. The ECI Model (top right) 
estimates covariances among the positive/negative viewing conditions for a given ERP 
component and positive affectivity. The Psychopathology Symptoms Model Diagram (middle) 
estimates covariances among positive and negative viewing conditions for a given ERP 
component and global psychopathology symptoms, rather than PA specifically. The Anxious 
Apprehension model (bottom left) estimates covariances among positive/negative viewing 
conditions for a given ERP component and anxious apprehension. Last, the Anxious Arousal 
Model (bottom right) estimates covariances among positive/negative viewing conditions for a 
given ERP component and anxious arousal. Psyc Sx = Psychopathology Symptoms, PA = 
positive affectivity, Anx Aro = anxious arousal, Anx App = Anxious apprehension, ECI = 
emotion context insensitivity. 
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We then tested the ECI model by estimating covariances among the positive/negative 

viewing conditions and PA. While Hill and colleagues (2019) constrained these covariances to be 

equal, we allowed these values to be freely estimated on the basis that the ECI view makes no 

hypotheses as to whether the degree of blunting is equal for positive and negative images, just the 

negative directionality. If both estimated covariances were positive (negative for negative peak 

waveforms) and significant, and if this model offered superior fit to the data compared to the 

nested comparison measurement model, then we would interpret this as support for the ECI view. 

Allowing these covariances to be freely estimated allowed us to determine if the positive 

attenuation or negative potentiation views offered superior fit, as well. If a significant positive 

(negative for negative peak waveforms) covariance between PA and the positive viewing 

condition was found with no association with the negative viewing condition, this would be 

evidence for the positive attenuation theory (in the presence of a significant likelihood ratio test 

compared to the measurement model). In contrast, if a significant negative (positive for negative 

peak waveforms) covariance between PA and the negative viewing condition was found in the 

absence of an association between the positive viewing condition and PA, this would be evidence 

for the positive attenuation theory (in the presence of a significant likelihood ratio test compared 

to the measurement model). Note that the positive attenuation and negative potentiation views are 

not mutually exclusive, and these patterns could be observed simultaneously. Other competing 

models were directly informed from Hill and colleagues’ 2019 study. We then tested a 

psychopathology symptoms model that estimated covariances among the positive/negative 

viewing conditions and the latent Psychopathology Symptoms factor, which tested whether 
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emotion reactivity was associated with more general psychopathology symptoms rather than PA 

specifically. We also tested an anxious arousal model that estimated covariances among the 

positive/negative viewing conditions and the residual variance of the anxious arousal indicator. 

This tested the hypothesis of whether reactivity to emotional stimuli was associated with 

physiological symptoms associated with anxiety specifically. Lastly, we also tested an anxious 

apprehension model that estimated covariances among the positive/negative viewing conditions 

and the residual variance of the anxious apprehension indicator. This tested the hypothesis of 

whether reactivity to emotional stimuli was associated with apprehension symptoms associated 

with anxiety specifically. See Figure 12 for model diagrams of each of the models described. 

All models were estimated using full information maximum likelihood (FIML) with 

robust (Huber-White) standard errors and a scaled test statistic. Of the 113 cases used for 

analyses, 10 (8.8%) were missing one questionnaire subscale used for the Psychopathology 

Symptoms latent factor. Inspection of missing cases did not reveal any indications that these data 

were missing not at random (Enders, 2010), and thus FIML was used to address missing data. 

Model fit was evaluated with measures of absolute fit, including the goodness-of-fit chi-square 

value with accompanying degrees of freedom, root mean squared error of approximation 

(RMSEA) < .08 (Hu & Bentler, 1998), and standardized root mean square residual (SRMR) < .08 

(Hu & Bentler, 1998). Fit was also evaluated with measures of relative fit, including non-normed 

fit index (NNFI) > .90 (Marsh et al., 2004) and the Comparative Fit Index (CFI) > .90 (Marsh et 

al., 2004). A chi-square difference test was performed between the nested measurement model 

and its corresponding ECI, psychopathology symptoms, and anxious arousal, and anxious 
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apprehension model. The chi-square difference test evaluates the equal-fit hypothesis for two 

hierarchical models. If the chi-square difference value is non-significant, then the two models fit 

the data equally well and the more parsimonious (i.e., measurement model) is the preferred 

model. If the chi-square difference value is significant, then the model with fewer degrees of 

freedom (i.e., not the measurement model) fits the data better and is thus preferred over the 

measurement model. The ECI, Psychopathology Symptoms, and Anxious Arousal, and Anxious 

Apprehension models are not hierarchical and thus cannot be compared using a chi-square 

difference test. Thus, the Akaike information criterion (AIC) and Bayesian information criterion 

(BIC) will be used to determine best fit among these non-nested models, with lower values 

indicating superior fit (Markon & Krueger, 2004). 

Results 

Arousal and Valence Effects 

A repeated measures ANOVA was conducted with block type (positive, negative, and 

neutral emotional stimuli) as the independent variable with Greenhouse-Geisser corrections for 

deviations from sphericity for each of the three ERP components. Results illustrated that block 

type explained a significant portion of the variance for each of the three components, 257 ms 

component: 𝐹(1.95,218.06) = 50.57, 𝑀𝑆𝐸 = 0.29, 𝑝 < .001, 𝜂̂!" = .111, 371 ms component: 

𝐹(1.78,199.37) = 148.96, 𝑀𝑆𝐸 = 0.13, 𝑝 < .001, 𝜂̂!" = .125, and the 736 ms component: 

𝐹(1.90,212.57) = 78.06, 𝑀𝑆𝐸 = 0.17, 𝑝 < .001, 𝜂̂!" = .174. We also explored linear (valence: 

comparing pleasant with threat) and quadratic (arousal: comparing pleasant and threat with 

neutral) orthogonal univariate trends on the block factor in Table 7. Results indicated significant 
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valence (with greater effects for negative compared to positive emotional stimuli) and arousal 

effects for each of the components. 

Table 7. Summary of Polynomial Contrasts Exploring Linear (Valence: Comparing Positive with 
Negative) and Quadratic (Arousal: Comparing Positive and Negative with Neutral) Orthogonal 
Univariate Trends on the Block Factor for each Component.   

 

All parameter estimates are tabulated in Table 8. Model fit indices and chi-square 

difference test results are contained in Table 9. The anxious arousal, PA, and anxious 

apprehension variables each loaded significantly onto the Psychopathology Symptoms factor, with 

correlations ranging from moderate to large (Cohen, 1988; .35, -.40, and .89, respectively). While 

each sequence of models contained a different ERP component, they each contained the same set 

of indicator variables for the Psychopathology Symptoms factor. Thus, the factor loadings for this 

factor remained the same for each model. 
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Table 8. Parameter estimates, standard errors, and test statistics from each structural equation 
model using ERP components retained from PCA (n = 113). Each model contains two factors: 
Reactivity and Psychopathology Symptoms. The Reactivity factor represents the shared variance 
for each of the passive viewing conditions (positive, negative, and neutral) for each PCA ERP 
component, and the residual variance of each indicator variable represents that variable’s unique 
variance. The Psychopathology Symptoms factor represents the shared variance of the PA, 
anxious arousal, and anxious apprehension measures, and the residual variance of each indicator 
variable represents that variable’s unique variance. 

 

 
 

 
 
 
 
 

 

k8d Kb *QKT jdR Kb *QKT dje Kb *QKT
S�i? 1bifai/ SE p 1bifai/ SE p 1bifai/ SE p

J2�bm`2K2Mi JQ/2H
Sbvat ¹ �Mt �`Q jXRyfyXj8 RXyj Xyyj jXRyfyXj8 RXyj Xyyj jXRyfyXj8 RXyj Xyyj
Sbvat ¹ S� @9Xkjf@yX9y RXej XyRy @9Xkjf@yX9y RXej XyRy @9Xkjf@yX9y RXej XyRy
Sbvat ¹ �Mt �TT RRX3NfyX3N jX88 IXyyR RRX3NfyX3N jX88 IXyyR RRX3NfyX3N jX88 IXyyR
_2�+iBpBiv → L2mi`�H yX8jfyXdR yXyd IXyyR yXedfyX3N yXye IXyyR yX9RfyXe3 yXye IXyyR
_2�+iBpBiv → SQbBiBp2 yXddfyX3N yXy3 IXyyR yXdNfyXNd yXye IXyyR yX9yfyX3R yXy9 IXyyR
_2�+iBpBiv → L2;�iBp2 yX8NfyXdy yXy3 IXyyR yX3jfyXNy yXye IXyyR yX9NfyXd8 yXy8 IXyyR

1*A JQ/2H
SQbBiBp2 ↔ S� kX9yfyXek yXeR IXyyR @yX88f@yXkN yXjk Xy3y yXkyfyXyd yXjj X89R
L2;�iBp2 ↔ S� RXk3fyXkk yX38 XRjy @yXkNf@yXy3 yX88 X8Nj yXjefyXyN yXeR X88e

Sbv+?QT�i?QHQ;v avKTiQKb JQ/2H
Sbvat ↔ SQbBiBp2 @yXRdf@yX9j yXjj XeRy @yXykf@yXRk yXy9 X83d yXyRfyXy9 yXy9 Xd3R
Sbvat ↔ L2;�iBp2 @yXyNf@yXR8 yXRN Xe9R yXyRfyXyj yXyd X3dk yXyRfyXyk yXyd X333

�MtBQmb �`Qmb�H JQ/2H
SQbBiBp2 ↔ �Mt �`Q @yXjef@yXRR yXed X8NR @yXyjf@yXyk yXje XNjk @yXyjf@yXyk yXje XNjk
L2;�iBp2 ↔ �Mt �`Q @yXNef@yXRN yXeR XRR3 yXjyfyXyN yX8R X8e8 yXjyfyXyN yX8R X8e8

�MtBQmb �TT`2?2MbBQM JQ/2H
SQbBiBp2 ↔ �Mt �TT RXjyfyXdN yXd8 Xy3j @yX9Nf@yX9y yX9k Xk9e yXR8fyXy3 yX9R XdR9
L2;�iBp2 ↔ �Mt �TT RXykfyX9y RXRj Xjee @yXRef@yXyd yXdN X3jd yXykfyXyR yX3j XN3y

LQi2X S�i? H�#2Hb +Q``2bTQM/ iQ T�`�K2i2` 2biBK�i2b BM 2�+? KQ/2HX :`QmT ?2�/BM;b BM i?2 ǶT�i?Ƕ +QH@
mKM /2MQi2 i?2 bT2+B}+ KQ/2H i?�i i?2 7QHHQrBM; T�`�K2i2` 2biBK�i2b �`2 mMB[m2 iQX Sbvat 4 Sbv+?QHQ;B+�H
avKTiQKb H�i2Mi 7�+iQ`- 1*A 4 2KQiBQM +QMi2ti BMb2MbBiBpBiv- SE 4 bi�M/�`/ 2``Q`- 1bifai/ 4
mM/bi�M/�`/Bx2/ �M/ bi�M/�`/Bx2/ T�`�K2i2` 2biBK�i2- → 4 H�i2Mi 7�+iQ` HQ�/BM;- ↔ 4 +Qp�`B�M+2X



 

 

97 

Table 9. Fit measures and chi-square difference test results for each model. Chi-square difference 
test results represent the comparison of each model with its respective nested measurement model 
(i.e., initial model with completely orthogonal Reactivity and Psychopathology Symptoms factors 
and indicator variables).  

257 ms Component 

The two-factor confirmatory factor analysis measurement model with the 257 ms 

component did not meet standards for acceptable model fit. While the CFI > .90, the SRMR, 

NNFI, and RMSEA indicated poor fit (Table 9). The positive, negative, and neutral viewing 

conditions each loaded strongly and significantly on the Reactivity factor. When the positive and 

negative indicators of the Reactivity factor were allowed to covary with the PA indicator of the 

Psychopathology Symptoms factor for the ECI model, model fit drastically improved, with all fit 

measures satisfying criteria for acceptable model fit (Table 9). Further, a Satorra-Bentler scaled 

difference chi-square test that compared the ECI model with the measurement model indicated 

superior fit to the data (𝛥𝜒"(2) = 13.52, 	𝑝 = .001; Table 9). In other words, the ECI model was 

JQ/2H χ2 df _Ja1� a_J_ *6A LL6A �A* "A* ∆χ2

k8d Kb *QKTQM2Mi
J2�bm`2K2Mi R3XNj N yXRy yXy3 yXNk yX3d jkRkXN3 jkekXy3 L2bi2/ J2�bm`2K2Mi JQ/2H
1KQiBQM *QMi2ti AMb2MbBiBpBiv 9Xdk d yXyy yXy9 RXyy RXyy jkyRXRk jk88Xed ∆χ2UkV 4 RjX8k- p 4 XyyR
Sbv+?QT�i?QHQ;v avKTiQKb kyXe9 d yXRj yXyd yX3N yXdd jkRyXN8 jke8X9N ∆χ2UkV 4 kX9e- p 4 XkNk
�MtBQmb �`Qmb�H RdXyk d yXRR yXy3 yXNk yX3j jkR9Xjk jke3X3d ∆χ2UkV 4 kXR3- p 4 Xjje
�MtBQmb �TT`2?2MbBQM RdXN9 d yXRk yXy3 yXNk yX3k jkR9Xy3 jke3Xej ∆χ2UkV 4 RXy3- p 4 X83j

jdR Kb *QKTQM2Mi
J2�bm`2K2Mi 8Xyj N yXyy yXy9 RXyy RXyy jyRdXek jyeeXdR L2bi2/ J2�bm`2K2Mi JQ/2H
1KQiBQM *QMi2ti AMb2MbBiBpBiv kX39 d yXyy yXyj RXyy RXyy jyRNX99 jydjXNN ∆χ2UkV 4 kXky- p 4 Xjjk
Sbv+?QT�i?QHQ;v avKTiQKb 9X8d d yXyy yXy9 RXyy RXyy jykyX3e jyd8X9y ∆χ2UkV 4 yXek- p 4 Xdjj
�MtBQmb �`Qmb�H 9X9e d yXyy yXy9 RXyy RXyy jykyX3R jyd8Xje ∆χ2UkV 4 yXe3- p 4 XdRR
�MtBQmb �TT`2?2MbBQM jXNe d yXyy yXyj RXyy RXyy jykyXjk jyd9X3d ∆χ2UkV 4 RXy3- p 4 X83j

dje Kb *QKTQM2Mi
J2�bm`2K2Mi 8Xky N yXyy yXy9 RXyy RXyy kNN3Xkk jy9dXjR L2bi2/ J2�bm`2K2Mi JQ/2H
1KQiBQM *QMi2ti AMb2MbBiBpBiv 9XNR d yXyy yXy9 RXyy RXyy jyyRXdy jy8eXk8 ∆χ2UkV 4 yX9j- p 4 X3ye
Sbv+?QT�i?QHQ;v avKTiQKb 8Xjk d yXyy yXy9 RXyy RXyy jyykXR8 jy8eXdy ∆χ2UkV 4 yXy8- p 4 XNd9
�MtBQmb �`Qmb�H jXNN d yXyy yXy9 RXyy RXyy jyyyXN8 jy88X8y ∆χ2UkV 4 RXkR- p 4 X898
�MtBQmb �TT`2?2MbBQM 8X83 d yXyy yXy9 RXyy RXyy jyykXRy jy8eXe8 ∆χ2UkV 4 yXyN- p 4 XN83

LQi2X χ2 4 +?B@b[m�`2- df 4 /2;`22b Q7 7`22/QK- _Ja1� 4 `QQi K2�M b[m�`2 2``Q` Q7 �TT`QtBK�iBQM- a_J_ 4 bi�M/�`/Bx2/
`QQi K2�M b[m�`2 `2bB/m�H- *6A 4 +QKT�`�iBp2 }i BM/2t- LL6A 4 MQM@MQ`K2/ }i BM/2t- �A* 4 �F�BF2 AM7Q`K�iBQM *`Bi2`B�- "A*
4 "�v2bB�M AM7Q`K�iBQM *`Bi2`B�- ∆χ2 4 a�iQ``�@"2MiH2` b+�H2/ /Bz2`2M+2 +?B@b[m�`2 i2bi +QKT�`BM; 2�+? KQ/2H rBi? Bib
`2bT2+iBp2 M2bi2/ K2�bm`2K2Mi KQ/2HX
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a superior characterization of the covariance structure compared to a fully orthogonal solution. 

Additionally, there was a large, positive correlation between the positive viewing condition and 

PA (𝑟 = .61, 	𝑝 < .001; Table 8). Of note, since the 257 ms component has a negative peak, this 

directionality is in the opposite direction hypothesized in the ECI view of emotion reactivity in 

depression. More specifically, as self-reported PA increases, the 257 ms attenuates for positive 

stimuli. No significant relation was found between the 257 ms component negative viewing 

condition and PA.  

Considering that the directionality of the parameter estimates was in the opposite direction 

hypothesized for the ECI view of emotion reactivity and given the non-significant covariance of 

the negative viewing condition indicator and PA, we fit another model to the data in a post-hoc 

exploratory fashion. In this model, we dropped the covariance estimate between the negative 

viewing condition and PA (i.e., constrained the value to zero), which is in line with the 

brightening effect described in EMA research (e.g., Khazanov et al., 2019b). This model provided 

excellent fit to the data (𝜒"(8) = 7.98, RMSEA = 0.00, SRMR = 0.05, CFI = 1.00, NNFI = 1.00) 

that was superior to the nested measurement model (𝛥𝜒"(1) = 9.43, 	𝑝 = .002). Additionally, 

this brightening effect model did not result in an appreciable decrement in model fit compared to 

the ECI model, which has an additional parameter estimate and one fewer degree of freedom 

(𝛥𝜒"(1) = 3.38, 	𝑝 = .07). In line with the brightening effect, we found a large positive effect 

between the positive condition and PA (Est/Std = 1.942/.48, 𝑆𝐸 = 0.57, 𝑧 = 3.43, 𝑝 = .001), 

such that decreases in PA (i.e., greater depression) would result in enhanced 257 ms component 

activity in response to positive stimuli. The Psychopathology Symptoms, Anxious Arousal, nor 
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the Anxious Apprehension model provided acceptable fit to the data (Table 9), and no significant 

associations were found by freeing parameters in these models (Table 8).  

371 ms Component 

With the 371 ms component Reactivity factor, we found acceptable model fit with the 

measurement model (Table 9). Each of the positive, negative, and neutral indicator variables 

loaded strongly onto the Reactivity factor (𝑟 = .97, .90, .89, respectively; Table 8). While each of 

the subsequent competing models afforded good model fit, none fit the data significantly better 

than the initial nested measurement model (Table 9). None of the freed parameters unique to each 

competing model were significant. Of the competing models, the ECI model offered superior fit 

as indicated by lower AIC and BIC values (Table 9). Overall, we found that an orthogonal 

solution that separated the Reactivity factor and Psychopathology Symptoms factor and all 

indicator variables offered superior fit to the data. 

736 ms Component 

The 736 ms component measurement model afforded acceptable model fit to the data 

(Table 9), and positive, negative, and neutral indicator variables loaded significantly and strongly 

onto the latent Reactivity factor (𝑟 = .81, .75, .68, respectively, Table 8). Similar to the 371 ms 

component, we found that the initial measurement model had the best fit to the data. While 

competing models had model fit measures indicating acceptable fit, none constituted significantly 

improved fit to the data compared to the measurement model (Table 9). Additionally, we found 

no significant covariance estimates as a result of freeing parameters in each of the competing 

models. 
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Discussion 

In the present study, we sought to evaluate the temporal course of the neural correlates of 

emotion reactivity in depression by applying PCA and SEM methods. We examined three 

separate ERP components retained from a PCA analysis, one that resembled an EPN and two 

others resembling later components (i.e., P300 and LPP). Our findings illustrated a unique 

relation between the positive viewing condition for the 257 ms component and PA, such that 

decreases in PA were associated with enhanced 257 ms amplitude. These findings are consistent 

with the brightening effect (Khazanov et al., 2019), and suggests that early visual components 

may be neural indicator of PA. This may be crucial information in devising neuroscience 

informed interventions for those with low PA and depression. 

We hypothesized that EPN activity in response to positive stimuli would be negatively 

associated with depression symptoms (i.e., lower self-reported PA). We did not make an a priori 

hypothesis for negative images. However, our primary hypothesis was not supported. Rather, we 

found large, significant effects in the opposite direction. More specifically, lower levels of PA 

(i.e., more depression) were associated with enhanced EPN activity. No relation was observed 

among negative emotion reactivity and PA for EPN, and when this relation was constrained to 

zero, we obtained a model that provided the best fit to the data (albeit marginally). This pattern of 

observations does not match any laboratory-based views of emotion reactivity (i.e., positive 

attenuation, negative potentiation, ECI), which are predicated upon blunted emotion reactivity in 

response to positive images as a function of depressive symptomatology. However, it does fit 

with the brightening effect that has been observed in EMA research, or that those with depression 
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report greater changes in affect in response to positive events (e.g., Khazanov et al., 2019b) 

compared to healthy controls. Moreover, this effect is specific to MDD compared to anxiety 

disorders and is specific to positive emotion (Bylsma et al., 2011; Khazanov et al., 2019b; Peeters 

et al., 2003; Thompson et al., 2012), which is consistent with the present study’s unique relation 

among EPN activity in response to positive stimuli and PA when accounting for anxious arousal 

and anxious apprehension symptoms. The EPN may be capturing neural activity that has greater 

ecological validity. A large body of research has found robust relations among EPN and 

evolutionarily salient stimuli, such as snakes and curvilinear objects (e.g., Langeslag & van 

Strien, 2018; Strien et al., 2016).  This literature has explored relations among EPN and negative 

stimuli that facilitate survival. It may be that in depression, this pattern of enhanced EPN in 

response to naturally threatening stimuli is extended to positive stimuli as well. As such, it may 

be a viable indicator of dysregulated real-world emotion reactivity. 

While our hypotheses for later components were in line with previous laboratory research 

(e.g., Hill et al., 2019), our findings in the present study did not support the ECI view of emotion 

reactivity (i.e., a negative relation between positive and negative emotion reactivity and PA). 

With regards to the 371 ms and 736 ms components, no other models outperformed the initial 

measurement model. In other words, our results supported that these components are distinct 

from psychopathology symptoms. This finding is inconsistent with a plethora of research that has 

examined relations between depression symptoms and LPP (Foti et al., 2010; Hill et al., 2019; 

Proudfit et al., 2015; Weinberg et al., 2017; Weinberg & Sandre, 2018). There are a number of 

possible factors contributing to the inconsistent findings. We used a block design paradigm in the 
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present study in contrast to a more ubiquitous randomized design that may interfere with picture 

processing and produce an oddball effect (Weinberg et al., 2016). Further, our relatively narrow 

focus on low PA as a symptom of depression may contribute to these differences, as others have 

analyzed relations among slow wave components and more heterogeneous depression 

symptomatology (e.g., Foti et al., 2010; Hill et al., 2019; Weinberg et al., 2017). However, 

Weinberg and colleagues (2016) also used a block design paradigm and observed a blunted LPP 

effect in response to rewarding images in a community sample. Further, Weinberg and Sandre 

(2018) investigated more granular features of psychopathology symptoms (i.e., low PA, panic) 

and observed small partial correlations among P300/LPP and positive images with a sample size 

of 211. Both of the aforementioned studies utilized windowed averages in their analyses rather 

than PCA components as the present study has. Research that uses windowed averages in 

analyses may run the risk of including superimposed ERP signals in independent/dependent 

variables, which may conflate the constructs of interest. Additionally, SEM allowed us to 

explicitly model measurement error in constructing our latent Reactivity and Psychopathology 

Symptoms variables, which represented variance unique to psychophysiological and 

psychopathology symptoms of interest (Hill et al., 2019). In conjunction, PCA and SEM allotted 

greater precision in our constructs, and thus allowed us to observe more specific and refined 

associations. However, our discrepant findings could also simply be a product of type II error that 

can only be clarified with additional research. Indeed, the difference in results could be attributed 

to an amalgamation of differences in samples and analytic choices. Further research should 

clarify the role of these factors in the neural correlates of depressive symptomatology. 
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With regards to clinical intervention, targeting early affective processes with specificity to 

the baseline perception of positive stimuli and events may be effective in treating individuals with 

low PA. This is supported by research suggesting that depression treatments focusing on 

enhancing positive emotions may improve efficacy as opposed to solely focusing on mitigating 

negative emotions (Dunn et al., 2012, 2017).  Mindfulness-based meditation practices may 

represent an important component in interventions that aim to boost positive emotions and target 

low PA symptoms in individuals with depression. Mindfulness-based interventions (MBIs) 

emphasize the importance of cultivating non-judgmental attention and awareness in the present 

moment (Gu et al., 2015), and appear to enhance the capacity for positive emotions (Garland, 

Farb, et al., 2015; Wielgosz et al., 2019). MBIs may modify positive valence systems through 

multiple psychological mechanisms, including modulations in emotional reactivity, enhanced 

emotion awareness, increased use of cognitive reappraisal, and alterations in reward processes 

(Wielgosz et al., 2019). 

A systematic review and meta-analysis conducted by Gu and colleagues (2015) indicated 

that emotional reactivity and self-reported mindfulness and are primary psychological 

mechanisms driving the efficacy of MBIs for mood disorders. Research has also indicated 

relations between facets of mindfulness and factors in Clark and Watson’s (1991) tripartite model 

(i.e., PA, NA, and anxious arousal). Studies using cross-sectional data have illustrated negative 

associations between specific facets of mindfulness (non-reactivity and non-judgment) and both 

anhedonic depression (low PA) and general distress (high NA) in participants diagnosed with 

depression and anxiety (Desrosiers et al., 2013). Another study using cross-sectional and 
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longitudinal methods in a non-clinical sample found inverse relations between the mindfulness 

facets of acting with awareness and non-judging with PA and NA, which suggests that adopting a 

non-evaluative disposition may serve to mitigate the experience of negative mood and bolster the 

experience of positive emotion (Raphiphatthana et al., 2016). The same study showed that acting 

with awareness predicted lower levels of anhedonia (i.e., higher PA) one month later, indicating 

that awareness to present activities may facilitate pleasant experience derived from said activities 

(Raphiphatthana et al., 2016). Other research also supports the importance of awareness in 

wellbeing. States of distraction are associated with lower levels of wellbeing, impaired executive 

functioning, and adverse psychological outcomes (Dahl et al., 2020). Future work in our lab will 

seek to investigate changes in EPN as a function of MBIs to further clarify this component as a 

modifiable neural correlate of low PA in depression.  

Other work by our lab (Kahrilas et al., in prep) has illustrated the blurred lines between 

the temporal courses of the neural correlates of emotion reactivity and regulation. Thus, 

incorporating emotion regulation strategies that bolster positive emotions may also serve to repair 

early reactivity processes associated with low PA. This is corroborated by the notion that the 

brightening effect may stem from more negative expectations for future events in depression 

(Strunk et al., 2006). Research has illustrated that low expectation for positive events results in 

amplified reactions to positive stimuli (McNamara et al., 2013). Savoring-based regulatory 

strategies are also used to sustain and upregulate positive emotions (Heiy & Cheavens, 2014; Liu 

& Thompson, 2017). While savoring, one may eagerly anticipate future positive experiences, 

focus on ongoing positive experiences as they occur in the present moment, or reminisce about 
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past positive experiences. With specific relevance to depression, studies aimed at enhancing 

savoring capacity show that enriching any of the three temporal domains of savoring 

(reminiscing, savoring the moment, or anticipating) is associated with increased frequency and 

intensity of positive affect, and decreased negative affect (Bryant & Veroff, 1984, 2007; Kahrilas 

et al., 2020). Training on momentary positive emotion regulation (i.e., memory building, 

expressing positive emotions) resulted in decreased self-reported depression symptoms when 

compared to a control group after two weeks (Hurley & Kwon, 2012). Intervention studies with 

older adults have shown that savoring was positively related to decreased depression, increased 

activity engagement, and increased wellbeing (Smith et al., 2020; Smith & Hanni, 2017). 

Savoring may improve the capacity to recognize and enjoy positive moments, even during 

difficult times (Smith & Hanni, 2017). Thus, anticipatory-based interventions aimed at 

constructing more positive expectations for future events may scaffold more frequent experiences 

of positive emotions. Another important consideration is whether the brightening effect stems 

from a low frequency of positive events. In support of this notion, individuals with mood 

disordered groups tend to report fewer pleasant events compared to individuals without mood 

disorders (Bylsma et al., 2011). Enhanced reactivity to positive stimuli, then, may be adaptive as 

to reconcile the fewer opportunities to erode negative mood. While other researchers have 

suggested that psychological correlates of low PA emerge only in later attentional stages 

(Weinberg & Sandre, 2018), our work underscores the importance of considering the role that 

earlier affective processes play in depression as well. 

While previous research has not observed relations between EPN and PA (Weinberg & 
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Sandre, 2018), it seems reasonable to attribute this to our use of PCA to isolate these components. 

Visual inspection of waveforms indicated that the 371 ms component (which was not found to be 

related to PA in the present study) starting at around 70 ms, overlapped considerably with the 271 

ms peak EPN. Relying on windowed averages likely would not have successfully captured the 

EPN component, which may explain these previous null findings. While there is no one best way 

to measure one’s ERP data, we do encourage other ERP researchers to add multivariate 

techniques such as PCA to their analysis toolbox. 

There are several limitations to the present study. First, these data are cross sectional and 

causation cannot be inferred among neural activity and self-report measures. Future longitudinal 

research should focus on studying the relations between low PA and associated 

neurophysiological factors to further clarify the direction of these relations. Further, while our 

sample contained dimensional variability on constructs of interest (e.g., depression, PA), it is still 

primarily a white undergraduate sample, which affords limited generalizability. Future research 

studies should incorporate community samples and participants throughout the lifespan. Related, 

research has suggested that older individuals may have higher savoring capacity (Smith & 

Hollinger-Smith, 2015), which may have implications for EPN and PA and inform intervention 

strategies for older and younger individuals with depression alike. Future work should also 

employ other EEG methods, such as source analysis, to investigate the time course of specific 

neural structures and their relation with self-report data. This research will elucidate brain-

behavior relations within the context of psychopathology and inform clinical and 

pharmacological interventions. Last, despite the methodological rigor of our analytical plan, our 
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results are still merely associations. Future researchers should strive to test more intricate theories 

of how psychophysiological constructs relate to questionnaire-based data (e.g., mediation and 

moderation). Such information regarding mechanisms of change among neurophysiological 

factors and psychopathology will be crucial to developing more refined and targeted clinical 

interventions. While sample size can be a limitation, SEM is one such analytical framework that 

is catered to more testing such theories and models. For those researchers with smaller sample 

sizes that wish to test more complex models, partial least squares structural equation modeling 

allows for such analyses with reduced demands on sample size (Sarstedt et al., 2020). 

Conclusion 

The present study examined relations among three ERP components derived from a 

temporal PCA using SEM. This framework facilitated a more accurate and refined measurement 

of ERP components. Our findings indicated that an early ERP component with a negative peak at 

271 ms had a strong inverse relation with PA, consistent with the brightening effect observed in 

EMA-based depression research. This finding suggests that interventions aimed at modulating 

early affective processes associated with emotion reactivity may bolster PA and reduce 

depressive symptomatology. Mindfulness- and savoring-based interventions may be particularly 

effective to this end. Future work should extend our findings in a diverse, community-based 

sample and utilize other EEG analysis methods, such as time-frequency and source analysis. Last, 

we encourage other researchers to test more complex and refined theories, perhaps within an 

SEM framework, to provide more information regarding mechanisms of change among 

neurobiological factors and self-report data. Overall, incorporating these methods may bring us a 
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step closer to bridging the gap between patterns of self-report symptomatology and their neural 

correlates, in order to provide a more holistic perspective on developing treatments for those with 

depression and other forms of psychopathology. 
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CHAPTER FIVE 

DISCUSSION 

Broadly, the present set of studies investigated individual differences and neural correlates 

associated with emotion reactivity and regulation. Study One, “Savoring the moment: A link 

between affectivity and depression” advanced our understanding of the relations among 

affectivity (negative and positive), savoring, and depression. More specifically, it investigated the 

mediating role of the temporal domains of savoring (anticipating, savoring the moment, 

reminiscing) in the relation between factors of positive affectivity (PA), negative affectivity 

(NA), and depression. Findings from this study illustrated that PA and NA were associated with 

depression as well as all three savoring temporal domains. In line with previous research, this 

suggests that Low PA and high NA are risk factors for depression and that each of the temporal 

domains of savoring may bolster PA and mitigate NA. Notably, momentary savoring was the 

only temporal domain of savoring that was associated with depression and distinctly mediated the 

relationship between both PA and NA and depression. Altogether, this indicates momentary 

savoring may reduce depression symptoms in individuals with low PA and high NA, more so 

than future- or past-oriented domains of savoring. This underscores the importance of momentary 

awareness and upregulation of positive emotions in managing depression as well as the notion 

that increased attention to positive stimuli is likely one mechanism through which savoring 

attenuates depression symptoms (Carl et al., 2013). 
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Study One supports the importance of momentary savoring in managing depression for 

those with low PA and high NA. However, it did not disentangle the affective chronometry of 

emotion reactivity and regulation and how these concepts related to PA, which is crucial to devise 

neuroscience-informed interventions for those with depression. Studies Two and Three were 

conducted to address these gaps. Study Two, “Neural chronometry of positive and negative 

emotion reactivity and regulation,” addressed fundamental questions regarding the neural time 

course associated with reacting to, and regulating, positively- and negatively-valenced emotional 

stimuli. I created and administered a novel experimental emotion reactivity/regulation paradigm 

utilizing a block design presentation and a new, open-source set of standardized images (the Open 

Affective Standardized Image Set, or OASIS; Kurdi et al., 2017).  

To extract ERP components throughout the time course of emotion reactivity/regulation, I 

used an exploratory temporal PCA. The temporal PCA retained five ERP components with peaks 

ranging from 124 ms to 740 ms. With regards to emotion reactivity (i.e., changes among 

passively viewing different valence categories of images), differences were noted as early as 162 

ms through the entire time course. Negative and positive emotional stimuli elicited enhanced 

component amplitudes at 162 ms, 381 ms, and 740 ms. Negative emotional stimuli elicited 

augmented amplitude relative to neutral stimuli at 259 ms, though positive emotion stimuli did 

not. Valence effects (i.e., differences between arousal-matched negative and positive images) 

were noted, such that negative images consistently elicited enhanced amplitudes of all retained 

components throughout.  

Results illustrated a temporal cascade of ERP components sensitive to emotion reactivity 
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in the first 1000 ms of neural activity, which may serve as modifiable intervention targets in 

psychopathology. Differences in chronometry emerged in emotion regulation contingent upon 

valence. Negative regulatory processes unfolded in the 124 ms to 259 ms, while positive 

regulatory processes occurred later from 259 ms to 740 ms. This may imply that those with 

impairment in positive emotion regulation and negative emotion regulation might benefit from 

interventions that focus on different processes occurring within the neural time course. Only 

increase conditions (i.e., differences between increasing emotional intensity in response to stimuli 

and passively watching them) were observed; decreasing emotional intensity in response to 

stimuli did not lead to reductions in component amplitudes. This may be attributed to our block 

design paradigm. In sum, Study Two underscored the importance of attending to the entire 

temporal course of emotion reactivity and regulation, which provides a more holistic view on the 

temporal cascade of emotional neural processing that may highlight modifiable mechanisms with 

relevance to depression. Further, it brought attention to the topic of measurement within ERPs 

with a temporal PCA approach that mitigates conflation of overlapping ERP components. 

The third study in the series, “Early neural indicators of the brightening effect” built upon 

findings from Study Two and investigated associations among neural chronometry of emotion 

reactivity and PA. To obtain dimensional measures of our variables, we harmonized the sample 

from Study Two with a sample recruited from the SMiLe study, an eight-week mindfulness-based 

meditation intervention study using the Headspace smart phone app. The SMiLe study recruited 

participants endorsing significant depressive symptomatology (i.e., PHQ-9 > 10) from a college 

student population. We utilized that same experimental paradigm and temporal PCA method from 
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Study Two to guide our selection of ERP components.  

We tested competing views of emotion reactivity in depression with SEM as informed by 

a previous study conducted by Hill and Foti (2019) in three separate ERP components extracted 

from PCA. We found that an early visual component with a negative peak at 257 ms at 

centroparietal electrode sites was associated with positive affectivity, such that increases in 

positive affectivity were associated with attenuated 257 ms component amplitudes. Further, we 

found that this model offered superior fit to the data compared to competing models. Later 

components were not associated with positive affectivity, and an orthogonal model that fixed 

associations between later components and internalizing symptoms to zero fit the data better than 

other competing models. While we hypothesized that a pattern of results consistent with the 

emotion context insensitivity view would emerge, we found that lower levels of positive 

affectivity (i.e., greater depressive symptomatology) was associated with enhanced 257 ms 

component activity. While inconsistent with previous laboratory findings, this does fit with the 

brightening effect observed in ecological momentary assessment research that observes enhanced 

reactivity in response to positive events for those with depression (e.g., Khazanov et al., 2019). It 

may be that these early neural processes are capturing activity that is more representative of day-

to-day lived experiences, which is corroborated by research suggesting that EPN reflects 

relatively automatic processes observed even when processing resources are limited due to rapid 

presentation rates (Junghöfer et al., 2001; Schupp, Markus, et al., 2003; Schupp, Junghöfer, et al., 

2003). Targeting early reactive processes with specificity to positive events, then, may be 

effective in treating those with low PA and depression.  
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Future Directions 

Targeting early reactive processes with specificity to positive events may be effective in 

treating those with low PA and depression. One potentially fruitful venture would be to explore 

the role of mindfulness-based interventions in modifying positive affectivity and early neural 

activity. Mindfulness meditation is theorized to enhance the experience of positive emotions 

(Garland et al., 2015; Wielgosz et al., 2019). It is also theorized to promote wellbeing (Dahl et al., 

2015) and modify positive valence systems through enhanced emotion awareness, modulations in 

emotional reactivity, increased use of cognitive reappraisal, and alterations in reward processes 

(Wielgosz et al., 2019). Other studies have illustrated associations between specific facets of 

mindfulness (e.g., directing attention to present activity, non-reactivity, and non-judgment) and 

PA in participants with depression and anxiety (Desrosiers et al., 2013; Moore & Malinowski, 

2009, Raphiphatthana et al., 2016). Therefore, mindfulness may bolster PA and modify 

associated early neural processes. 

The PCA approach in Study Three suggests the existence of separable temporal courses 

for neural generators; yet EEG scalp analyses provide minimal information regarding the spatial 

resolution of these generators. Therefore, future work should also employ other EEG analytic 

methods, such as source analysis, to investigate the time course of specific neural structures and 

their relation with variables pertaining to positive emotion in depression. For example, potential 

neural generators of the EPN lie in lateral occipital cortex and the frontoparietal network (Frank 

& Sabatinelli, 2019; Junghöfer et al., 2001). These specific brain regions may be modifiable 

intervention targets that serve to bolster wellbeing in depression.  
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Future research should also continue using advanced statistical methods such as PCA and 

SEM. To improve upon the analytic strategy from Study Three, which estimates covariances 

among residual variances of indicator variables that may contain measurement error, 

experimental paradigm blocks with similar regulatory goals (e.g., to maximize positive 

emotion/mitigate negative emotion and maximize negative emotion/mitigate positive emotion) 

can specified as indicators of a latent variables that are devoid of measurement error. The positive 

emotion latent factor can then be regressed on the negative emotion latent factor to derive 

residual variance of the former. For self-report data, indicators could be specified to construct a 

latent positive emotion construct (e.g., positive affectivity, savoring capacity) while another latent 

factor for anxiety symptoms could be constructed. Then, a second order internalizing factor could 

be specific that explains the shared variance of the positive emotion and anxiety latent factors. 

The residual variance of the positive emotion factor, then, could be regressed on the positive 

neural reactivity factor. This association will be free of measurement error and more specific with 

regards to the constructs of interest. Building upon this approach, future work should investigate 

possible modifiable mechanisms that link positive emotion and early neural processes. For 

example, since the brightening effect may stem from negative expectations for future positive 

events for those with depression (Khazanov et al., 2019; Strunk et al., 2006), the ability to 

anticipate future positive events may constitute a modifiable psychological mechanism. 

Interventions targeted at bolstering anticipatory processes, then, may influence the relation 

between early neural and positive affectivity.   
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