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Summary 
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Abstract: Previous reports of inhibitory deficits in mood disorders, and findings of associations 

between inhibitory control and cognitive reappraisal, suggest that emotion regulation might 

depend on inhibitory control. Furthermore, frontal-midline theta (FMθ) activity has previously 

been associated to both cognitive control and emotion processing- and regulation, indicating that 

it may reflect some of the same underlying mechanisms. The present study sought to investigate 

associations between inhibitory control, cognitive reappraisal, and frontal-midline theta. A 

sample of healthy participants completed a stop-signal task with concurrent EEG recordings. 

Following task completion, all participants filled out questionnaires assessing their use of 

emotion regulation strategies, and their levels of positive and negative affect. While no significant 

correlations were found between cognitive reappraisal and negative affect, nor between inhibitory 

performance and negative affect, a moderation analysis revealed a significant association between 

cognitive reappraisal and negative affect for slow inhibitors. This finding could be interpreted to 

mean that while poorer inhibitors benefit from cognitive reappraisal, better inhibitors might 

implement inhibition-related regulation at earlier stages of emotion generation. This interpretation 

corresponds with Joormanns (2010) model of the role of inhibitory deficits in mood disorders, 

where impairments in inhibitory control are believed to lead to sustained negative affect. The 

present results indicate that inhibition might not only be an important mechanism in emotion 

regulation in mood disorders, but also in healthy individuals. A significant correlation was found 

between FMθ and inhibitory control, but not between FMθ during inhibitory processing and 

negative affect. This indicates that FMθ elicited during inhibitory processing may not relate to 

emotion regulation. Whether FMθ activity elicited during emotion processing and regulation 

reflects the engagement of the same neural regions involved in cognitive control processing, such 

as inhibition, needs further research.  



V 
 

 

Table of contents 

1 Introduction………….……………………….……………………………………….………..1 

1.1. Emotion regulation…….…………………….…………………………………….….…...3 

1.2. Cognitive reappraisal….……………………….……………………………………..……3 

1.3. Cognitive reappraisal and cognitive control….…………….………………………..…….4 

1.4. Cognitive reappraisal and inhibitory control….…………….……………………..………5 

1.5. Neural correlates of emotion regulation and inhibitory control……………………………7 

1.6. Measuring emotion regulation………………………………….…………………...……..8 

1.7. Measuring inhibitory control…………………………………….………………………...9 

1.8. Measuring trait affect………………………………………………………….….…..…..10 

1.9. Frontal-midline theta: lingua franca of emotion regulation and cognitive control?....…....10 

             1.10.The present study……………………………………………………………….….…….12 

             1.10.1. Research aims…………………………………………………………………………12 

             1.10.2. Hypotheses……………………………………………………………………………12 

2 Materials and methods………………………………………………….………………..……15 

2.1. Participants……….………….………………………………..…………………...….….15 

2.2.  Design…………...…………….……………………………..……………………….….15 

2.3. Materials…………………….………………………………..……………………….….16 

2.4. Data processing………………….……………………………..…………...……………18 

2.5. Statistical analysis  ….……….……………………………….…………...…….……….20 

2.6. General remarks…………….……………………………………………..…….…...…..21 

3 Results………………………………………………………………………….………..……22 

3.1. Behavioural results…………….…..…………….………...…………………….……….22 

3.2. EEG results…………………….…………………...…………………………….………26 

3.3. Brain-affect and brain-behaviour correlations……………...…………………...……….28 

       4     Discussion………………………….……..…………………………………...…….……….30 

 4.1. Behavioural findings………………...….…………………………………….………….31 

             4.2. Brain-affect and brain-behaviour correlations.......……………………………...………..33 

             4.3. Limitations and future directions……………..…………………………….….…………36 

             4.4. Concluding remarks…………………………….………………………….….………….37 

 

References………………………………………………………………….………………………….38 

Appendix………………………………………………………………………………………………48 

 



VI 
 

 

 

 

 

 

 

 

 

“If you are distressed by anything external, the pain is not due to the thing 

itself, but to your estimate of it; and this you have the power to revoke at any 

moment.” 
- Marcus Aurelius, Meditations 
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1. Introduction 

 

Emotions arise when something that matters to us is at stake. Some emotional responses are 

automatic and instantaneous, such as reacting with fear upon seeing a snake. Others arise 

only after meaningful analysis of some event or situation, like when we grow angry after 

being treated unfairly or overhearing a rude comment. All emotions are associated with 

behavioural, physiological and experiential response tendencies (Gross, 1998; Nesse, 1990). 

Most of the time our emotions serve us well, in that they aid behavioural adaptations in an 

appropriate manner. Other times, however, emotional responses can be ill-suited for the 

situations we face, and lead to negative consequences for our physical and mental well-being.

 Our tendency to experience positive and negative emotions in our everyday lives is 

referred to as trait affect, which is generally divided into two dimensions; positive affect and 

negative affect. Negative affect is negatively associated with self-efficacy, work satisfaction, 

relationship satisfaction, mental health and stress (Schutte, 2013; Watson, 1988), whereas 

positive affect is associated with better life-outcomes (Lyubomirsky, King & Diener, 2005; 

Cohn et al., 2009; Taylor, Lyubomirsky & Stein, 2017). Recent investigations have found 

support for two kinds of emotional responding underlying trait positive and negative affect - 

emotional reactivity and emotional perseveration (Boyes, Carmody, Clarke & Hasking, 2017; 

Ripper, Boyes, Clarke & Hasking, 2018). Emotional reactivity describes the probability of 

experiencing positive or negative emotions in response to some event or stimuli, whereas 

perseveration reflects the degree to which emotional experiences are prolonged once they are 

elicited. Individuals high in trait negative affect have an increased probability for negative 

emotional reactivity, along with prolonged emotional experience following the emotion-

inducing event (Boyes, Carmody, Clarke & Hasking, 2017; Ripper, Boyes, Clarke & 

Hasking, 2018). Given the detrimental influence of trait negative affect on a wide variety of 

life outcomes, the identification of causes of, as well as methods to reduce negative affect 

remains an important endeavour. If emotional reactivity and perseveration give rise to trait 

affect, how can we influence these processes in order to reduce the experience of negative 

emotions in our everyday lives?   

 While emotions are often portrayed as intense uncontrollable forces that have 

sweeping influences on our behaviour and functioning, we do have the ability to exert control 

over virtually every aspect of the emotion generating process. In our day to day lives we 



2 
 

constantly face stimuli that have the potential to induce some emotional response, but rarely 

do these stimuli result in full-blown emotional experience. To function normally, we need to 

be able to regulate our emotional responses in an appropriate and adaptive manner. You 

might stifle a laugh when seeing something unintentionally funny, stop yourself from 

speaking out in anger, or listen to music when you are sad. All these are examples of emotion 

regulation. Emotion regulation involves several higher-order cognitive processes through 

which we modify our emotional responses and experience (Aldao, Nolen-Hoeksema & 

Schweizer, 2010). Emotion regulation has been associated with mental (Aldao, Nolen-

Hoeksema & Schweizer, 2010; Gross & Munõz, 1995) and physical health (Sapolsky, 2007), 

work satisfaction, (Diefendorff, Richard & Yang, 2008), and relationship satisfaction (Vater 

& Schrõder-Abé, 2015), where emotion dysregulation predicts poor life outcomes. Perhaps 

individual differences in the cognitive control over emotional reactivity and perseveration can 

help explain individual differences in trait negative affect? 

 Several lines of research support an interplay between emotion and cognitive control. 

Cognitive control, also referred to as executive control, is an umbrella term describing the 

processes by which goals or plans influence behaviour and thinking. Component processes of 

cognitive control include working memory updating, switching between mental tasks, and the 

inhibition of prepotent responses (Miyake et al., 2000). Most of the research on the interplay 

between cognitive control and emotions has focused on whether and how emotions influence 

cognitive control processing, with several studies reporting that emotional states affect 

cognitive performance. For instance, mild negative affect has been found to improve 

performance on inhibition tasks, while more intense negative affective states have a 

detrimental effect (Padmala, Bauer & Pessoa, 2011). Negative affective states can reportedly 

impair working memory updating (Curci et al., 2013; Dolcos & McCarthy, 2006; Anticevic et 

al., 2010), and positive affective states have been found to improve task-switching 

performance (Dreisbach & Goschke, 2004). Despite the majority of investigations focusing 

on how emotions influence cognitive control, several studies also show that cognitive control 

resources and processing influences emotional processing, particularly in relation to the 

regulation of emotions (Cohen, Henik & Moyal, 2012; Hendricks & Buchanan, 2016; McRae 

et al., 2012; Schmeichel, Volokhov & Demaree, 2008). For instance, working memory 

updating and set-shifting performance have been found to predict negative affect reduction on 

emotion regulation tasks (Hendricks & Buchanan, 2016; McCrae et al., 2012), and conflict 

monitoring performance has been associated with inhibition of emotional reactions (Cohen, 
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Henik & Moyal, 2012). Different component processes of cognitive control might have 

differential influences on emotion generation and regulation, and while it is relevant to 

investigate the role of all of these component processes, this thesis will focus on the 

associations between inhibitory control, emotion regulation and negative affect.  

1.1. Emotion regulation.  

Emotion regulation can be defined as an individual’s attempt to “influence which 

emotions they have, when they have them, and how these emotions are experienced and 

expressed” (Gross, Richards & John., 2006, p. 3). The ways in which we deal with our 

emotions has consequences for our overall well-being, and thus, the strategies we choose to 

regulate our emotions ought to be carefully considered. Emotion regulation strategies can be 

adaptive or maladaptive, conscious or unconscious, automatic or carefully implemented.  

 One of the most influential models of emotion regulation is Gross’ process model 

(1998). This model built upon the modal model of emotion, which specifies four stages in the 

emotion-generation process; 1) an emotion-eliciting situation, 2) attention to the situation, 3) 

appraisal of the situation in relation to current goals, and lastly, 4) emotional response 

tendencies involving experiential, physiological, and behavioural components. According to 

the process model, emotion regulation strategies can be implemented at all stages of the 

emotion generation process. Examples of strategies include situation selection (i.e. avoiding 

the situation), situation modification (changing aspects of the situation), attentional 

deployment (distraction, rumination, mindfulness), cognitive change (reappraisal, 

acceptance), or response modulation (expressive suppression) (Gross, 1998a; Gross, 1998b; 

Naragon-Gainey, McMahon & Chacko, 2017).       

 The two most frequently studied strategies are expressive suppression and cognitive 

reappraisal, both of which target the response-phase of the emotion-generation process. 

Expressive suppression involves suppressing the physical expression of an emotion to reduce 

the experience of it. It is generally regarded as a maladaptive strategy, associated with poor 

outcomes (see review; Cutuli, 2014). For the purposes of this thesis, only cognitive 

reappraisal will be discussed in any further detail.  

1.2.Cognitive reappraisal. 

Cognitive reappraisal is an emotion regulation strategy that involves reinterpreting the 

meaning of a stimulus, as to change one’s emotional response to it. Say you ask someone out 
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on a date, and they decline. You could interpret their response to mean that they don’t like 

you, that they find you are unattractive or stupid. 

 

   

Figure 1: The process model of emotion regulation. From top to bottom: The five families of emotion 
regulation strategies, components of emotion generation, antecedent vs response focused emotion 

regulation (adapted from Gross & Thompson, 2007) 

This interpretation might lead to feelings of shame, sadness or low self-worth, whereas a 

healthier interpretation (that you are simply not compatible) is less likely to result in these 

negative emotions. When using cognitive reappraisal, situations or events that lead to 

uncomfortable negative emotional experiences are reinterpreted in a non-emotional or more 

positive manner. Cognitive reappraisal is a commonly used tool in cognitive behavioural 

therapy (CBT) and is generally regarded as an adaptive emotion regulation strategy 

associated with positive outcomes both in healthy individuals and clinical populations (Gross 

& John, 2003; Nezlek & Kuppens, 2008; Brockman et al., 2016). Furthermore, studies on the 

use of cognitive reappraisal in affect regulation have found that reappraisal is an effective 

strategy to down-regulate negative affect, demonstrated by both self-report and physiological 

measures of emotions (Ray et al., 2010)  

1.3. Cognitive reappraisal and cognitive control. 

Studies linking behavioural performance on cognitive control tasks to reappraisal ability 

indicate that cognitive reappraisal could depend on a range of cognitive control abilities 

(McRae et al., 2012, Hendricks & Buchanan, 2016; Cohen, Henik & Moval, 2012). As 

previously mentioned, updating, set-shifting , inhibition and conflict monitoring have all been 

found to predict negative affect reduction on emotion regulation tasks (Hendricks & 
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Buchanan, 2016; McCrae et al., 2012) and the inhibition of behavioural emotional responses 

(Cohen, Henik & Moval, 2012). When individuals engage in cognitive reappraisal, it is 

possible that they need to maintain and alter the initial appraisal in working memory, 

decrease the salience of that appraisal (inhibition), identify and select a new interpretation 

that is more appropriate (set-shifting) (Ochsner & Gross, 2008; McRae et al., 2012); thus, 

several component processes of cognitive control may be involved in reappraisal. In addition 

to associations between reappraisal and behavioural performance of cognitive control, studies 

have revealed that the neural regions involved in reappraisal at least partially overlap with 

regions involved in cognitive control (McCrae et al., 2012; Kalisch, 2009; Ochsner & Gross, 

2005). One meta-analysis of 48 neuroimaging studies on cognitive reappraisal revealed 

extensive recruitment of regions typically observed during cognitive control tasks, including 

posterior dorsomedial prefrontal cortex (dmPFC), bilateral dorsolateral prefrontal cortex 

(dlPFC), ventrolateral prefrontal cortex (vlPFC), and posterior parietal cortex (Silvers, Buhle 

& Ochsner, 2014).  

1.4. Cognitive reappraisal and inhibitory control. 

Negative mood is generally accompanied by the activation of mood-congruent 

representations in working memory (Isen, 1984, Siemer, 2005, Joormann, Yoon, Zetsche, 

2007), and has been associated with frequent negative thinking, selective attention to negative 

stimuli, and to greater accessibility of negative memories (Blaney, 1986; Mathews & 

MacLeod, 2005; Rusting, 1998). However, negative moods do not always lead to prolonged 

negative affect, as mood-incongruent cognitions seem to replace and repair the negative 

affect quite quickly in a regulatory manner (Erber & Erber, 1994; Parrott & Sabini, 1990; 

Rusting & DeHart, 2000). In some individuals, however, instead of replacing negative 

cognitions with more positive ones, they end up in a repeating cycle of increased negative 

thinking and affect. If changes in mood are associated with mood-congruent or incongruent 

activations in working memory, the control over contents in working memory might be a key 

ability in the regulation of emotions. Perhaps the increasing cycle of negative affect in some 

individuals can be explained by inhibitory deficits?  

Inhibitory control can be defined as the ability to suppress or stop actions, thoughts or 

memories (Huster, Messel, Thunberg & Raud, 2020). Inhibition is a term with many different 

meanings and has historically been implicated in a wide variety of psychological phenomena, 

including extinction in learning, repression of unpleasant memories, and impulse control 
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(Aron, 2007; Smith, 1992). In neuropsychiatry, inhibitory impairments are used as 

explanations for mania, obsession, attention deficits, aggression, poor decision making and 

impulsivity (Aron 2007) and inhibitory deficits for negative information is a common finding 

in mood disorders (Lau et al., 2007; Goeleven et al., 2006).      

 A common distinction is made between cognitive inhibition and behavioural 

inhibition. While cognitive inhibition is thought to involve suppressing irrelevant actions or 

attention from consciousness and resisting interference from other potentially attention-

capturing processes (Harnishfeger, 1995), behavioural inhibition involves control over overt 

behaviours, motor inhibition, delayed gratification, and impulse control (Harnishfeger, 1995). 

While seemingly separate phenomena, it has been suggested that inhibitory control over 

actions can be used as a proxy for inhibitory control over cognition (Aron, 2007; Aron, 

2014). In the context of cognitive reappraisal and cognitive control, the inhibition of 

prepotent responses might be of particular 

interest; this especially holds if those 

prepotent responses are automatic negative 

appraisals of events that elicit an emotional 

response. One potential model for such a 

relationship has been proposed by Joormann 

(2010). In this model, the inhibitory deficits 

associated with mood disorders can lead to 

enhanced access to negative material in 

working memory, along with difficulties in 

expelling this material. This in turn results in 

difficulties in using reappraisal and accessing 

mood-incongruent material to repair the 

negative affect.  

Indirect support for this model comes 

from findings reporting an association 

between inhibitory performance and emotion 

processing and regulation. For instance, von Hippen & Gonsalkorale (2005) found that 

participants who performed better on the Stroop task were better at suppressing inappropriate 

emotional responses than their low-performing counterparts. Tabibnia and colleagues (2011) 

observed that performance on a commonly used measure of inhibitory control, the stop signal 

Figure 2: Proposed model of the role of inhibitory 

control in emotion regulation (Joormann, 2010). 
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task (SST), predicted negative affect reduction success on an emotion regulation task. 

Goeleven and colleagues (2006) report that compared to never-depressed controls, depressed 

participants showed a specific failure to inhibit negative information, while inhibition for 

positive material was unaffected.        

 While these studies support the existence of a relationship between inhibitory control 

and negative affect, the precise nature of this relationship is not yet well understood. 

Behavioural findings of significant correlations between inhibitory performance and trait 

negative affect or emotion regulation performance, while interesting, cannot determine the 

direction or precise nature of this association. As mentioned earlier in this introduction, 

negative and positive mood induction interferes with performance on a variety of cognitive 

control tasks, including inhibitory control.  

1.5. Neural correlates of inhibitory control and emotion regulation. 

Brain activity associated with inhibition tasks such as the SST typically include the 

midcingulate cortex (MCC), the right inferior frontal cortex (rIFC), subthalamic nucleus, 

motor and pre-motor cortices (Aron, 2007; Aron, 2014). The inhibitory process, specifically, 

is related to activations in the right inferior frontal cortex (rIFC), which in turn is connected 

to a target region involved in motor action and inhibition, the subthalamic nucleus (STN). 

The STN is part of a larger network consisting of the pallidum, thalamus and the motor 

cortex, and behavioural inhibition is associated with increased activity in source and target 

regions (Aron, 2007; Aron, 2014). The midcingulate cortex (MCC; also referred as dorsal 

anterior cingulate cortex, dACC) is proposed to serve as a detector of conflict in information 

processing (Botvinick et al., 1999, 2001). In the SST, competition between response 

representations (go vs. stop) is thought to be detected and reflected by activations in the 

MCC. Following conflict detection, the MCC is believed to exert top-down influence on 

other regions to adjust performance (Botvinick et al., 2001). To resolve conflict, the active 

inhibition of the incorrect response is needed.  

 In addition to its central role in cognitive control processing, the MCC (the anterior 

MCC, specifically) has also been found to be sensitive to emotion processing, and 

specifically, to the elicitation of negative affect (Pereira et al., 2010; Tolomeo et al., 2016). 

Furthermore, studies on neural correlates of cognitive reappraisal have revealed that activity 

in several regions of the frontal cortex covaries with amygdala activity (Banks et al., 2007; 
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Silvers, Buhle & Ochsner, 2014), and that fronto-amygdala coupling strength predicts 

negative affect reduction following reappraisal (Banks et al., 2007). A meta-analysis by Kohn 

and colleagues (2014) revealed an emotion regulation network encompassing the superior 

temporal gyrus, angular gyrus, pre-supplementary motor area (pre-SMA), the dorsolateral 

prefrontal cortex (dlPFC), ventrolateral prefrontal cortex (vlPFC) and the anterior MCC 

(aMCC). They hypothesize that the temporal gyrus, angular gyrus and pre-SMA are involved 

in the execution of regulation initiated by frontal areas, the dlPFC is responsible for the 

regulation of cognitive processes like attention, the vlPFC is involved in signalling emotional 

salience (and thus, need to regulate), while the aMCC might play a central integrative role in 

emotion regulation. The aMCC is ideally positioned (anatomically and functionally) to 

influence behaviour and subcortical structures associated with emotion generation.  

 Increased activity in the vlPFC during cognitive reappraisal is perhaps of particular 

interest to the association between inhibitory control and emotion regulation, as activity in 

this region is commonly observed during response inhibition (specifically, the rIFC) (Aron, 

2007; Aron, 2014). Whether this activation reflects inhibition of prepotent negative emotional 

cognitions, in line with Joormanns (2010) model, or whether it reflects emotional salience 

signalling to other emotion-regulation regions, as Kohn et al. (2014) suggest, remains 

unclear.  

1.6. Measuring emotion regulation.  

An often-used approach when assessing emotion regulation is experimental methods such 

as emotion induction and regulation tasks. In these tasks, participants are typically presented 

with emotion-inducing stimuli and are then instructed to regulate or alter their emotional 

responses to these stimuli using some pre-determined emotion regulation strategy (i.e. 

Schmeichel et al., 2007; DeWall et al., 2011; Kanske et al., 2012). While this method has the 

benefit of directly and immediately measuring the effect of ER strategies on emotional 

responses, it is not without limitations. First, the design and methodology of these studies are 

highly heterogeneous, which makes comparison across findings difficult. Second, while these 

studies can provide insights into the short-term effects of different emotion regulation 

strategies, they cannot assess the habitual use of these strategies in everyday life. Conditions 

during experimental manipulations of mood and emotion regulation tasks are not necessarily 

directly comparable to the situations we face in the real world. Furthermore, some individuals 

are not affected by mood-inductions (Gerrards-Hesse et al., 1994). This can even be observed 
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in participants with pre-existing disorders that make them susceptible to negative affectivity 

(Kovacs et al., 2015).       

As emotion regulation has gained increased interest over recent years, there has also 

been an increase in the number of self-report measures of emotion regulation strategies, such 

as the Emotion Regulation Questionnaire (ERQ; Gross & John, 2003). These measures can 

be particularly useful in assessing habitual use of ER strategies outside of experimental 

settings in relation to trait levels of positive and negative affect, or symptom levels across 

psychopathologies. The ERQ is a 10-item questionnaire designed to assess two emotion 

regulation strategies; cognitive reappraisal and expressive suppression. Both the ERQ and 

subversions of it are widely used and they have generally been found to be reliable and valid 

measures of emotion regulation strategy use (Gullone & Taffe, 2012; Wang et al., 2007; 

Wang, Yuan, Han & Wang, 2020).  

 

1.7. Measuring inhibitory control. 

 Inhibitory control is typically investigated using paradigms such as the go/no-go task 

(GNGT), Stroop task or the stop-signal task (SST; Logan & Cowan, 1984). For the present 

thesis, only the SST will be described in further detail. 

 In standard versions of the SST, participants are instructed to make rapid responses 

when presented with a go-stimulus. In a small fraction of trials, the go-stimulus is followed 

by a stop-stimulus, which indicates the need to stop, or inhibit, the already initiated response 

to the go-signal. This starts a process often referred to as a horse-race between competing 

response representations (Logan & Cowan, 1984), where winning the race results in either 

the execution, or inhibition of the motor response. The time interval between the two stimuli 

is referred to as the stop-signal delay (SSD), and its duration influences how easy it is to 

inhibit the initiated response. As opposed to the response-latency, inhibition latency cannot 

be observed directly, as successful inhibition results in the absence of a response. The SST 

allows for the estimation of a covert latency of response inhibition, the stop-signal reaction 

time (SSRT). The SSRT has been associated with inhibitory deficits in people with ADHD, 

OCD, schizophrenia (Lipzyc & Schachar, 2010) and substance abuse (Smith et al., 2014), 

lending support to its role as a reliable indicator of inhibitory deficits.  
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1.8. Measuring trait affect. 

The most widely used measure of trait positive and negative affect is the Positive and 

Negative Affect Schedule (PANAS; Watson, Clark & Tellegen, 1988). The positive affect 

dimension on this scale ranges from those who are happy, active, and content with their life, 

to those who often feel sad, inactive or lethargic. The negative affect dimension ranges from 

distress, nervousness and anger, to calmness and serenity. The PANAS has been widely 

employed since its creation, for instance in studies on mood disorders (Watson, Clark & 

Carey), and stress and health behaviour (Watson & Pennebaker, 1989).The PANAS exists in 

both long- and short-forms (60, 20, and 10 items), and has also been adapted for children 

(PANAS-C). Similar to personality traits, the degree to which individuals experience positive 

and negative affect in their daily life can be relatively stable over time and situations (Watson 

& Clark, 1992). Thus, affect can be regarded as trait dimensions. The PANAS is generally 

regarded as a valid and reliable measure of proneness to positive and negative affect, or trait 

negative affect (Crawford & Henry, 2004; Hudson, Lucas & Donnellan, 2016; Humboldt, 

Monteiro & Leal, 2017).  

1.9. Frontal-midline theta: lingua franca of emotion regulation and cognitive control? 

 

While functional magnetic resonance imaging (fMRI) is a useful tool in describing brain-

regions involved in inhibitory control and emotion regulation, it does not provide a direct 

measure of neural activity. Scalp electroencephalography (EEG) on the other hand, is a direct 

measure of neural activity in cortical brain regions with high temporal resolution. The 

research on the electrophysiological underpinnings of emotion regulation and cognitive 

control has focused largely on event-related potentials, with the late positive potential (LPP) 

and the P3 often being tied to emotion regulation and inhibition, respectively. However, 

recent studies argue against the notion of P3 as a direct marker of inhibition (e.g. Huster 

2019, Skippen 2020), and while the LPP can be useful as a marker of emotional processing 

and regulation, it is broadly believed to index motivational significance of visual stimuli, so 

that larger amplitudes are associated with higher levels of emotional arousal (Lin et al., 

2020). Thus, in the context of emotion regulation, it could be regarded as a reflection of the 

effects of emotion regulation, rather than underlying mechanisms.  

  There has been a recent shift toward time-frequency approaches in the literature on 

cognitive control and emotion, with focus on investigating event-locked activity at specific 
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frequencies. Time-frequency analysis can reveal the synchronised activity of brain networks, 

referred to as neural oscillations. While the activity of delta, theta and alpha bands have been 

investigated for both cognitive and emotional control domains (see review; Knyazev, 2007), 

an increasing amount of evidence suggest that frontal-midline theta activity might be 

involved in both forms of control. 

 Frontal-midline theta (FMθ) oscillations are recorded over fronto-medial regions of the 

brain at frequencies between 4-8 Hz, and EEG source estimations and EEG-informed 

functional magnetic resonance imaging (fMRI) implicate the MCC as a key generator of 

these signals (Mitchell et al., 2008; Walsh & Anderson, 2012). The previous section on 

neural correlates of emotion regulation and cognitive control revealed that MCC activity is 

related to both inhibitory performance and emotion regulation. The MCC is believed to be 

part of the superordinate cognitive control (Enriquez-Geppert et al., 2014; Niendam et al., 

2012), and is known to be involved in executive functioning (Cavanagh et al., 2012). 

Increases in FMθ are typically observed during conditions requiring enhanced cognitive 

processing (Mitchell et al., 2008), and have been suggested to convey the need for increased 

control on a range of cognitive control tasks. For instance, FMθ increases in the time-period 

200-600ms after stimulus presentation have been found in conditions associated with higher 

inhibitory load, such as during stop- or nogo-trials, compared to conditions where no 

inhibition is needed (reviewed in Huster et al., 2013), suggesting that the process it indexes 

could be involved in inhibitory performance. Furthermore, FMθ increases are also observed 

during emotional processing, where the synchronization of frontal theta activity has been 

found to be sensitive to the processing of emotional faces (Balconi & Lucchiari, 2006; 

Knyazev et al., 2008) and to successful emotion regulation through cognitive reappraisal. For 

instance, Ertl and colleagues (2013) found an increase in frontal theta oscillations at 4 Hz 

while participants increased or decreased emotional responses to negative images, and report 

a positive correlation between oscillations in the theta band and successful emotion regulation 

through cognitive reappraisal.   

The apparent functional overlap of FMθ in cognitive control and emotional processing- 

and regulation warrants further investigation into whether FMθ elicited during the two types 

of processing reflect the same underlying mechanisms. Does FMθ represent a sort of lingua 

franca, or common language, of cognitive control and emotional control?  
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1.10. The present study 

1.10.1. Research aims.  

The present study has two research aims: 

1: To investigate the relationships between habitual use of cognitive reappraisal, inhibitory 

control (measured as SSRT), and self-reported negative affect.  

2: To look at the associations between frontal-midline theta power during inhibition and 

negative affect levels.  

To investigate the associations between these different factors, a sample of healthy 

participants completed a stop-signal task with concurrent EEG recordings. Following task 

completion, all participants filled out questionnaires assessing their use of emotion-regulation 

strategies (ERQ; Gross & John, 2003) and their levels of positive and negative affect 

(PANAS; Watson, Clark & Tellegen, 1988).       

  

1.10.2. Hypotheses. 

1: Higher use of cognitive reappraisal will be associated with lower levels of negative 

affect. 

Habitual use of adaptive emotion regulation strategies, such as cognitive reappraisal, 

has been found to be associated with positive life-outcomes and lower levels of negative 

affect, both in healthy individuals and clinical populations (Brockman et al., 2016; Gross & 

John, 2003; Nezlek & Kuppens, 2008; Ray et al., 2010). Based on these findings, trait 

negative affect (as measured by PANAS) is expected to be lower for subjects who use 

cognitive reappraisal more frequently.       

  2: Behavioral performance on the Stop-Signal task will be associated with negative 

affect levels, so that better inhibitors (shorter SSRTs) have lower levels of negative affect. 

According to Joormanns’ (2010) model of the role of inhibitory control in emotion 

regulation, inhibitory deficits lead to enhanced access to negative material in working 

memory, along with difficulties in expelling this material. This in turn leads to enhanced 
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long-term memory for negative material and heightened and prolonged negative affect. 

Following the assumptions of this model, better inhibitors (shorter SSRTs) would be 

expected to have lower levels of negative affect.  

  3: The potential association between cognitive reappraisal and negative affect will 

moderated by inhibitory control (SSRT).  

If inhibitory control is involved in cognitive reappraisal, specifically in inhibiting 

prepotent negative appraisals, this might be reflected through moderation of the association 

between habitual use of cognitive reappraisal and trait-level negative affect. By looking at the 

association between cognitive reappraisal and negative affect at different levels of inhibitory 

control, one can gain a better understanding of the role of inhibitory control in emotion 

regulation.  

  4: Stronger frontal-midline theta power during stop trials of the SST will be 

associated with lower negative affect levels.  

FMθ power increases are typically observed during heightened cognitive processing, 

where power has been found to predict performance on a variety of cognitive control tasks 

For instance, attenuated FMθ has been associated with slower responses on a mental 

arithmetic task (Gärtner, Grimm & Bajbouj, 2015), while stronger FMθ power has been 

found to predict performance on working memory tasks (Jensen & Tesche, 2002). FMθ 

power increases are also found in contexts thoughts to require inhibitory control (Huster et 

al., 2013). If cognitive and inhibitory control processes are key mechanisms in emotion 

regulation (as suggested by Cohen, Henik & Moyal, 2012; Joorman, 2010;  McRae et al., 

2012) and emotion regulation is related to decreased experiences of negative mood (Ray et 

al., 2010), stronger FMθ power increases during stop-trials might be expected to associate 

with lower negative affect levels.  

In addition to testing the above hypotheses, an exploratory analysis on the association 

between FMθ and inhibitory performance will be done. FMθ power has been associated with 

performance on cognitive control tasks (Gärtner, Grimm & Bajbouj, 2015; Gevins et al., 

1997; Jensen & Tesche, 2002; Maurer et al, 2015; Neo, Thurlow & McNaughton, 2011), 

including the SST. As the present study investigates associations between inhibitory control, 
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FMθ and emotion regulation, it could relevant to see whether power increases during stop 

trials of the SST actually predict inhibitory performance.   
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2.  Materials and methods 

 

2.1. Participants. 

 Participants were recruited through advertisement on social media, as well as poster 

advertisements at the Department of Psychology at the University of Oslo. A total of 28 

participants were recruited for the study. One participant was excluded due to 

misunderstandings about the requirements to participate, four were excuded due to outlier 

values on behavioural parameters on the SST, and one was excluded due to an outlier value 

in negative affect. This led to 22 participants being included for further analysis (18 female). 

All participants were healthy, right-handed individuals between 20-35 years of age (M = 26.7, 

SD = 3.15), and had normal or corrected-to-normal vision. Participants were screened for 

diagnosed mental illness, sleep disorders, head trauma, metal implants, alcohol and/or 

substance abuse.  

All participants provided written informed consent when meeting the experimenters 

for the first time, and study participation was compensated with a universal gift card worth 

500 NOK. The study was conducted in line with the Declaration of Helsinki.  

 

2.2. Design. 

This study utilized an observational design where behavioural and 

electrophysiological variables associated with stop-signal performance was collected together 

with self-report measures of emotion regulation strategies and trait negative affect.  

The data for this study was collected as a part of a larger pilot study on the 

relationship between sleep, cognitive control and affect. The complete study design included 

two experimental sessions where participants filled out questionnaires and performed 

cognitive control tasks while their EEG and electromyographic (EMG) activity was recorded, 

one MR session including both structural and functional MR imaging, as well as sleep 

measurements over a two-week period. For this study, only measurements taken during the 

first experimental session are included. Specifically, the present study utilized only the ERQ 

and PANAS questionnaires, as well as behavioural and EEG data from the SST.   
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2.3.  Materials 

2.3.1. Setup.  

The experiment was conducted on a Dell Precision T5500 computer (Dell, Inc., 

Texas, USA). It was programmed using PsychToolbox-3 (version 3.06.16) and presented 

using Matlab (v2019.1). Stimuli were presented on an Eizo FlexScan S2411W monitor 

(EIZO, Inc.) with a refresh rate of 60 Hz. Participants responses were recorded using a 

SuperLab RB-740 button box (Cedrus Corporation, 2006).   

 

2.3.2. EEG data acquisition. 

 EEG activity was measured using a BrainAmp system (Brain products GmbH, 

Germany).  The electrode montage consisted of 29 recording electrodes (Ag/AgCl), ground 

and online reference electrodes, as well as an electrode on each earlobe to be used for offline 

re-referencing. Electrode placement corresponded to the international 10-20 system. 

 

 

Figure 3: Electrode placement setup. red: ground electrode, green: online reference electrode, yellow: 

electrodes for offline re-referencing, blue: recording electrodes. 

 

The ground and online reference electrodes were placed at AFz, and FCz, 

respectively. Recordings were made using the BrainVision Recorder software (Brain 

Products GmbH, Germany) with an online sampling frequency of 5000 Hz, and online low- 
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and high-pass filters of 250 Hz and 0.015 Hz, respectively. Impedances were kept equal to or 

lower than 5 kΩ.  

 

2.3.3. Stop-signal task.  

 The SST consisted of 5 blocks each containing 68 go-trials and 22 stop-trials, giving a 

total of 450 trials and a stop-signal probability of 0.24. The stimuli consisted of coloured 

arrows presented against a grey background, with left- and right-arrows indicating the need 

for left and right responses, respectively. In a subset of the trials, the initial arrow was 

followed by a second arrow of a different colour, signalling that the response should be 

cancelled. The colour of the arrows (blue and orange) was counterbalanced across 

participants. 

 

 

  

. 

 

 

 

 

 

 

 

Figure 4: Illustration of go (left) -and stop (right) trials of the visual stop signal task used in the 

present study. 

 

The trials began with presentation of a black fixation cross, with a duration that varied 

randomly between 700 and 1200 ms. This was followed by a go-stimulus (blue or orange 

arrow), and a stop-signal (orange or blue arrow) in stop-trials. All stimuli had a duration of 

100 ms. The stop-signal delay (SSD) had a range of 100 – 600 ms and varied depending on 

performance. The initial SSD was set to 250ms and was then increased or decreased by 50 ms 

following successful and unsuccessful stops, respectively. This approach usually gives a 

stopping accuracy of about 50 %. If participants successfully inhibited their response in a 

stop trial, the SSD for the subsequent stop-trial increased by 50 ms, while failing to inhibit 

led to a decrease of 50 ms. Responses were collected throughout the entire trial duration.  
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After each block, participants received feedback on their performance, with four 

possible kinds of feedback: ‘Well done!’ if their performance was satisfactory, ‘Be more 

accurate!’, if the mean stop accuracy for the previous block was below .40, ‘Be faster!’ if the 

mean go-RT for the previous block was above 600 ms, or ‘Be faster and more accurate’ if 

both the go-RTs and accuracy were unsatisfactory. 

 

2.3.4. Procedure.  

The study consisted of two separate EEG sessions two weeks apart where participants 

underwent a total of four cognitive control tasks (SST, N-back, Stroop, Set-shifting), in 

addition to resting-state EEG. Task order was the same in both sessions and for all 

participants. To ensure that conditions were similar between participants, the sessions were 

held either exactly 14 days apart, or if not possible, 15 days apart. The sessions were booked 

at the same time of day for each participant. Prior to the first session, participants were 

required to read and sign an informed consent form, as well as an MR-safety checklist. 

Before the beginning of each task, participants completed a training round to familiarize 

themselves with the tasks. All participants were informed about common EEG-artefacts and 

were told to stay as still as possible during the experiment. After each EEG session, 

participants filled out self-reports on sleep, executive functioning, adaptive/maladaptive 

functioning, health behaviour, affect and emotion regulation. Participants also underwent 

structural MR scans, resting-state fMRI and sleep measurement via actigraphy. The MR 

sessions were scheduled whenever suitable for the participants within the two-week period. 

Actigraph watches and sleep diaries were handed out at the end of the first session and 

collected again at the end of the second session. One session took approximately 3 hours to 

complete. 

 

2.4. Data processing 

2.4.1. Behavioral data. 

 To analyse task performance on the SST, the SSRTs were collected. The following 

variables were collected for descriptive purposes only: go-RTs, false alarm RTs, SSDs, and 

go and stop-accuracies. All behavioural parameters were calculated separately for each 

participant. Go-RTs and false alarm RTs were calculated as the average time between go-

stimulus onset and response. Only responses corresponding to the direction of the arrow were 

included in the calculations. SSDs were calculated as the average SSD across stop trials. 
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Accuracies were calculated as the number of correct responses relative to the total number of 

each trial. For stop accuracies, outliers were defined as values falling outside .25 - .75 

(Verbuggen et al., 2019) and as 3 standard deviations for all other behavioural parameters of 

the SST. Four participants qualified as outliers on various SST parameters and were excluded 

from the study. SSRTs were calculated based on the integration method with replacement of 

go omissions (Verbruggen et al., 2019). Specifically, go omissions were replaced by the max 

RT, go-RTs were ordered, and the mean SSD was subtracted from the nth go-RT, were n is 

determined by multiplying the number of go-RTs with the probability of a false alarm. 

 

2.4.2. Self-report data. 

 

2.4.2.1. ERQ. 

 The Emotion Regulation Questionnaire (ERQ, Gross & John, 2003) is a ten-item 

questionnaire that measures tendency to regulate emotions in two ways: through cognitive 

reappraisal (6 items) and expressive suppression (4 items). Items are rated on a 7-point Likert 

scale ranging from 1 (strongly disagree) to 7 (strongly agree). Scoring of the two emotion 

regulation facets is done by adding and averaging the items for cognitive reappraisal and 

expressive suppression separately. (See appendix 1 for ERQ as implemented in the present 

study). 

 

2.4.2.2. PANAS.  

The Positive and Negative Affect Schedule (PANAS) is comprised of two ten-item 

questionnaires measuring positive and negative affect experiences over the last two weeks. 

Each item is rated on a 5-point Likert scale ranging from 1 (not at all) to 5 (very much). To 

calculate positive and negative affect scores, items are simply added together separately for 

positive and negative items, with resulting scores ranging from 10 to 50. (See appendix 2 for 

PANAS as implemented in the present study).  

 

2.4.3. EEG data           

 

2.4.3.1. EEG pre-processing. 

 Pre-processing was done in MATLAB R2019b (The MathWorks, Inc., 

Massachusetts, USA) using the EEGLAB toolbox (v. 14.0.0b; Delorme & Makeig, 2004). 

The data was re-referenced to the average of the earlobes, and the online reference was added 
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back to the data. Then the data was low-pass filtered at 40 Hz using a Hamming-windowed 

sinc FIR filter. Following this, the data was resampled to 500 Hz and high-pass filtered at 0.1 

Hz. The continuous data was subjected to an independent component analysis (ICA) using 

the Infomax ICA algorithm (Bell & Sejnowski, 1995). After visual inspection, components 

corresponding to eye and muscle-artefacts were removed from the data. SST triggers were 

recoded, and the data segmented into go- and stop-stimulus-locked epochs ranging from -

1500 to 1500ms. Trials contaminated by large artefacts were removed using an absolute 

voltage procedure with a threshold of 120 µV.  

 Epochs from successful go- and stop-trials were then subjected to a time-frequency 

analysis via the MATLAB function newtimef (Delorme, 2002). Event-related spectral 

perturbations (ERSPs) were calculated between 1 and 30 Hz in 120 frequency steps. ERSPs 

were then normalized to the spectral baseline by dividing by the mean power across trials at 

every frequency from the period between -400 to -100ms before the onset of the go- or stop-

stimulus. The number of cycles in each Morlet wavelet increased with each frequency, 

starting at 1 cycle for the lowest frequency and ending at 15 cycles for the highest frequency. 

The ERSPs were estimated separately for five frontal-midline electrodes of interest; Fz, FCz, 

Cz, FC3, FC4. Lastly, individual theta ERSPs (4-8Hz) were averaged across the five 

electrodes, separately for the go and stop-trials, in the time-period ranging from 200-600ms 

after stimulus presentation. These time points were chosen as it is during this period FMθ 

increases are typically observed (see review Huster et al., 2013). Go-ERSPs are calculated for 

descriptive purposes only.  

 

2.5. Statistical analyses 

 

2.5.1. SST assumptions.  

The computational model underlying SSRT estimation assumes that false alarms are 

instances where the go-process was too quick to be stopped, and consequently false alarm 

RTs should be faster than go-RTs. To investigate whether this assumption was met in the 

present sample, paired samples t-test were run comparing go RTs to false alarm RTs. This 

was also checked at the level of each individual participant by visual inspection. 

 

2.5.2. Correlations. 



21 
 

 Separate one-tailed bivariate Pearson correlations were run were run to test 

hypothesis 1 - higher use of cognitive reappraisal is associated with lower levels of negative 

affect, 2 - shorter SSRTs are associated with lower levels of negative affect, 4 – larger frontal 

midline ERSPs during stop trials are associated with lower levels of negative affect.  

A two-tailed bivariate Pearson correlation was run as an exploratory analysis to 

investigate the association between frontal-midline theta ERSPs during stop trials, and 

inhibitory performance on the SST (measured as SSRT).   

 

2.5.3. Moderation analysis. 

  Hypothesis 3: To test the hypothesis whether an association between cognitive 

reappraisal and negative affect is moderated by inhibitory control (here indexed by SSRT), a 

moderation analysis was conducted. In this statistical model, negative affect is estimated as a 

weighted function of cognitive reappraisal use, SSRTs, and a cognitive reappraisal by SSRT 

interaction as in the following equation (Hayes, 2012): 

 

𝑌 = 𝑖 + 𝑐1𝑋 + 𝑐2𝑀 + 𝑐3𝑋𝑀 + 𝑒𝑦 

 

where Y corresponds to negative affect, and X and M corresponds to cognitive reappraisals 

and SSRTs, respectively. Bootstrapping was used to test the moderation model, where CIs 

(95%) were computed from 5000 bootstrap samples.  

 

2.6. General remarks. 

 For all measures except stop accuracy, outliers are defined as any values that fall 

outside 3 standard deviations of the mean. Assumptions of normality were assessed for all 

data via visual inspection of Q-Q plots and the Shapiro-Wilk test. Neither test revealed 

significant deviations in any of the data. Assessments for bivariate outliers for the separate 

correlations revealed one unusually high value for negative affect (Cooks D = .76). Although 

a typical cut-off point is Cooks D > 1, there is no broad consensus on what is correct, as D 

does not have a known sampling distribution (Howell, 2013). A visualization of Cooks D by 

participants in the present sample indicated that the high negative affect value would likely 

have a strong influence on the correlations and the moderated regression and was therefore 

excluded. 
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3. Results           

     
3.1. Behavioural results. 

 Mean go-reaction times were longer than mean false alarm-reaction time for the sample, as 

indicated by a paired samples t-test (t = 12, p < .001), suggesting that the assumptions 

underlying SSRT estimation were met. Examinations of individual RTs confirmed that no 

participant had a longer false alarm-RT than go-RT. Mean stop accuracy was 50.58 %, 

indicating successful SSD tracking. Grand average SSRT was 208ms, in line with previous 

studies implementing the SST in healthy samples (e.g. Congdon et al., 2012). 

 

Table 1: Descriptive statistics of behavioural measures  

    
  M SD CI (95%) 

GoRT (ms) 536 88.66 497 - 576 

fRT (ms) 479 78.06 444 - 513 

SSRT (ms) 209 22.85 199 - 219 

SSD (ms) 323 99.20 279 - 323 

Stop Accuracy (%) 50.6 0.04 49 - 52 

Go Accuracy (%) 98.7 0.01 98– 99 

    

Note: N = 22    
 

Mean negative affect and cognitive reappraisal for this sample were 18.36 and 4.9, 

respectively. These mean scores are in line with previous investigations using the PANAS 

and ERQ in healthy samples (Watson & Clark, 1992; Preece, Becerra, Robinson & Gross, 

2019).  

Table 2: Descriptive statistics of self-report measures   

     

  M SD CI (95%)  

Negative affect 18.4 4.8 16.2 – 20.5  

Cognitive reappraisal 4.9 0.9 4.5 – 5.3  

    
 

Note: N = 22    
 

 

Hypothesis 1 & 2. 

To investigate associations between cognitive reappraisal, inhibitory control and 

negative affect, separate one-tailed bivariate Pearson correlations were run between cognitive 

reappraisal scores, SSRTs and negative affect scores. The correlation analyses revealed no 

significant associations between any of the measures. Reappraisal and negative affect: (r = -
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.21, p =.18), cognitive reappraisal and SSRT: (r = -.05, p = .41), SSRT and negative affect (r 

= .34, p =. 06). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Scatterplots overlaid with 95% CI of regression line for negative affect by SSRT (top) and 

negative affect by cognitive reappraisal (bottom). 
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Figure 6: Scatterplot overlaid with 95% CI of regression line for cognitive reappraisal by SSRT. 

    

Despite no significant correlation being found, it is still of interest to investigate the 

association between cognitive reappraisal and negative affect at different levels of inhibitory 

control, as interactions can occur without main effects.  

 

Hypothesis 3. 

A moderation analysis was run with cognitive reappraisal and negative affect as focal 

predictor and dependent variable, respectively, and SSRT as the moderator variable. The 

focal predictor and moderator variable were mean-centred prior to analysis, and conditional 

effects of the focal predictor were assessed at -1SD, 0, and +1SD from mean SSRT. The 

results of the moderation analysis found that the model was not significant (r = .58, MSE = 

17.8, F = 3, p = .055; see table 3 for model summary). The effect of cognitive reappraisal on 

negative affect was negative and not significant, conditional on SSRT = 0. The effect of 

SSRT on negative affect was positive and signiticant, conditional on cognitive reappraisal = 

0. The results also reveal a significant interaction between cognitive reappraisal and SSRT (t 

= -2.23, p = .0038).  Probing of conditional effects of the focal predictor at different values of 

SSRT was done to better understand this interaction. 
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Note: N = 22. 

 

This revealed that at -1SD, the relationship between reappraisal and negative affect 

was positive and non-significant (b = 2.03, se = 1.7, t = 1.2, p = .24). At mean SSRT, the 

relationship between reappraisal and negative affect was negative, and not significant (b = -

.15, se = 1.07, t = -.14, p = .884). Lastly, at + 1SD, the relationship between reappraisal and 

negative affect was negative and not significant (b=-2.3, se = 1.17, t = -1.99, p = 0.6). The 

Process Macro (Hayes, 2012) only allows for probing of conditional effects at these levels. 

Given the significant interaction, it was relevant to look at the Johnson-Neyman output, 

which shows the simple slopes estimates for cognitive reappraisal and negative affect at all 

levels of the moderator (SSRT). This revealed that for SSRTs 1.1 SD above the mean, the 

relationship between cognitive reappraisal and negative affect was negative and significant (b 

= -2.6, se = 1.25, t = -2.12, p = .048) (see table 4). For a visualisation of the conditional effect 

of the focal predictor, see Figure 7. 

 

Table 4: Conditional effects of cognitive reappraisal on negative affect at SSRT = -1, 

0, and +1.1 SD of the mean. 

       
SSRT (SD) Effect se t p LLCI ULCI 

-1 2.03 1.7 1.2 0.24 -1.52 5.59 

0 -0.15 1.07 -0.14 0.88 -2.42 2.11 

+1.1  -2.66 1.25 -2.12 0.048 -5.3 -0.03 

Note: N = 22. 

Table 3: Model summary of moderation analysis      

        
R R-sq MSE F  df1 df2 p 

0.58 0.33 17.79 3.05  3 18 0.055 

        
Variable coefficient se t  p LLCI ULCI 

constant 18.27 0.9 20.3  0.000 16.38 20.16 

Cognitive reappraisal -0.15 1.07 -0.14  0.88 -2.42 2.11 

SSRT  0.09 0.04 2.17  0.043 0.0032 0.18 

Reappraisal * SSRT -0.095 0.04 -2.23  0.038 -0.18 -0.005 
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Figure 7:  Visualisation of conditional effect of cognitive reappraisal on negative affect at different 
levels of SSRT. Conditional effect of cognitive reappraisal only significant for SSRT = +1.1SD above 

the mean (blue/top line). 
 
 

3.2. EEG results. 

 To investigate associations between cognitive reappraisal, frontal-midline theta 

power during inhibition, and negative affect, ERSPs were calculated separately for each 

participant for the go- and stop conditions in the period from -1500 to 1500ms after 

presentation of the go-and stop signal respectively. Go-FMθ ERSPs were calculated for 

descriptive purposes only.  

FMθ power increases were observed in both stop- and go trials in the approximate 

time-period 200-700ms after presentation of the stop- and go stimulus, respectively. FMθ 

responses were larger in right hemisphere than the left (FC4 vs FC3).  See table 5 for 

descriptive statistics of ERSPs from the separate electrodes of interest in stop- and go trials.  

Mean ERSPs in the theta frequency band (4-8Hz) over the five electrodes of interest 

were then calculated for the time period 200-600ms after stimulus presentation. FMθ power 

increases were larger in stop- compared to go trials (time-frequency plots for grand-averaged 

ERSP for the different trial types can be seen in Figure 8).  
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Figure 8: Time-frequency plots of grand averaged ERSPs in stop (top) and go (bottom) trials. 
 

 
 

Table 5: Descriptive statistics of frontal midline theta ERSPs in stop- and go 
trials. 

    

  M SD CI (95%) 

stopFz 3.67 1.16 3.15 - 4.18 

stopFCz 3.85 1.17 3.33 - 4.37 

stopCz 3.68 1.07 3.20 - 4.16 

stopFC3 3.25 0.99 2.80 - 3.70 

stopFC4 3.53 1.06 3.05 - 3.99 

goFz 2.07 0.95 1.64 - 2.49 

goFCz 2.35 1.01 1.90 - 2.80 

goCz 2.09 0.83 1.72 - 2.46 

goFC3 1.56 1.09 1.08 - 2.04 

goFC4 1.82 0.77 1.48 - 2.16 

Note: N = 22    
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3.3. Brain-affect and brain-behavior correlations 

Hypothesis 4.  

To investigate associations between FMθ power and negative affect levels, a one-

tailed bivariate Pearson correlation analysis was run. The results showed no association 

between FMθ ERSPs and negative affect (r = -.001, p = .996).  

 

 

      

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Scatterplot overlaid with 95% CI of regression line for negative affect by FMθ. 

 

Lastly, an exploratory analysis on the association between FMθ power during stop 

trials and SSRTs was done. A two-tailed bivariate Pearson correlation analysis revealed a 

significant positive correlation between FMθ power and SSRT (r = .67, p = .001), indicating 

that slower inhibitors exhibit larger FMθ power increases during response inhibition.  
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Figure 10: Scatterplot overlaid with 95% CI of regression line for FMθ by SSRT. 
‘ 
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4. Discussion 

As Marcus Aurelius pointed out almost two thousand years ago, our emotions arise (at least 

in part) because of our own estimations of events or experiences. These estimations can 

however be changed, for instance through emotion regulation strategies such as cognitive 

reappraisal. Studies linking behavioural performance on cognitive control tasks to reappraisal 

ability indicate that cognitive reappraisal could depend on a range of cognitive control 

abilities. As previously mentioned, updating, set-shifting, inhibition and conflict monitoring 

have all been found to predict negative affect reduction on emotion regulation tasks 

(Hendricks & Buchanan, 2016; McCrae et al., 2012; Tabibnia et al., 2010) and the inhibition 

of behavioural emotional responses (Cohen, Henik & Moval, 2012). Thus, it could be 

expected to that the implementation and success of emotion regulation strategies depends on 

cognitive control abilities, including inhibitory control. Joormann (2010) highlights inhibition 

as a key mechanism underlying sustained negative affect in mood disorders, where inhibitory 

deficits lead to increased access to negative material in working memory, and improved long-

term memory for negative material. This in turn leads to sustained negative affect. The 

present study sought to investigate some of the underlying assumptions of this model in a 

healthy sample.  

One aim of this study was to investigate the relationship between habitual use of 

cognitive reappraisal, inhibitory control and trait negative affect by measuring inhibitory 

performance on the SST, self-reported habitual use of cognitive reappraisal, and self-reported 

negative affect levels. It was hypothesized that (1) higher cognitive reappraisal-use and (2) 

better inhibitory performance (shorter SSRTs) would be associated with lower levels of 

negative affect. Furthermore, it was hypothesized that (3) the potential association between 

cognitive reappraisal and negative affect would be moderated by inhibitory control.  

 A second aim of this study was to look at associations between frontal-midline theta 

oscillations during inhibitory processing, and trait negative affect by recording 

electrophysiological and behavioural responses during the SST and self- reported negative 

affect according to the PANAS. Based on previous findings linking FMθ with cognitive 

control performance (Enriquez-Geppert et al., 2014; Eschmann, Bader & Mecklinger, 2020; 

Jensen et al., 2002; Neo, Thurlow & McNaughton, 2011), and cognitive control performance 

with better emotion regulation (Cohen, Henik & Moyal, 2012; Hendricks & Buchanan, 2016; 

McRae et al., 2012; Schmeichel, Volokhov & Demaree, 2008) it was hypothesized that (4) 
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stronger power increases in the theta band (4-8 Hz) recorded from frontomedial electrodes 

during stop trials would be associated with lower negative affect levels.   

 Lastly, an exploratory analysis on the association between FMθ and SSRT was done 

to gain a better understanding of frontal-midline theta as a reflection of inhibition-related 

processing.  

4.1. Behavioral findings 

4.1.1. Cognitive reappraisal and negative affect. 

 No significant correlation was found between cognitive reappraisal use and negative 

affect levels. Cognitive reappraisal is generally considered as an adaptive emotion regulation 

strategy positively associated with positive life-outcomes, and negatively associated with 

psychopathology and poor life outcomes, including negative affect (see review; Cutuli, 

2014). This association was not observed in the present study. However, much of the research 

on cognitive reappraisal is done either in samples with various psychopathologies (see 

review, Dryman & Heimberg, 2018), or as longitudinal studies assessing effects of cognitive 

reappraisal training (e.g. Denny & Ochsner, 2014). Conscious awareness and implementation 

of cognitive reappraisal as a strategy is perhaps not too common in healthy individuals 

outside of a training-context. Additionally, individuals from healthy populations might not 

need to regulate their emotional responses and affect levels to the same degree as those from 

clinical populations, perhaps explaining the absence of an association in the present study.  

4.1.2. Inhibitory control and negative affect. 

No significant correlation was observed between inhibitory control (measured as 

SSRT) and negative affect. As previous investigations have linked inhibitory performance to 

performance on emotion regulation tasks (e.g. Tabibnia et al., 2010), as well as negative 

emotional reactivity on emotion induction tasks (e.g. Tang & Schmeichel, 2014), trait 

negative affect was expected to be higher for poor inhibitors. If inhibitory control is a key 

mechanism in emotion regulation strategies such as cognitive reappraisal, individual 

variability in inhibitory performance should be expected to associate with individual 

variability in negative affect levels. It could be mentioned that although not significant, the 

SSRT - negative affect association does seem to correspond to the hypothesized direction. 

The SSRT - negative affect scatterplot (Figure 5) indicates that larger SSRTs are associated 
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with higher negative affect-scores, as suggested in hypothesis 2. However, the present 

findings cannot confirm this hypothesis. 

One potential cause for the lack of a significant association in between SSRT and 

negative affect relates to the construct the SSRT is meant to reflect. Whether behavioural 

measures of inhibition, such as the SSRT, can be regarded as indirect measures of cognitive 

inhibition might be subject to debate, despite being commonly investigated in this context 

(Lipszyc & Schachar, 2010; Logan, Schachar & Tannock, 1997). For instance, in an fMRI 

study by Bernal and Altman (2006) the authors report that different neural circuitries are 

involved in motor and cognitive inhibitions. Thus, it might be relevant to keep in mind that 

the SSRT could be limited in its ability to reflect cognitive inhibition. For future research, it 

would perhaps be beneficial to assess the validity of the SSRT as measure of cognitive 

inhibition.  

On the other hand, the SSRT has been associated with behavioural and cognitive 

inhibitory deficits and psychopathology, such as impulsive behaviour (Logan, Schachar & 

Tannock, 1997), substance abuse (Li et al., 2006), and obsessive-compulsive disorder 

(McLaughlin et al., 2016). It has been suggested that several cognitive domains depend on 

behavioural inhibition, including working memory, self-regulation of motivation and affect, 

behavioural analysis and internalisation of speech (Barkley, 1997). Furthermore, a 

moderation analysis in the present study revealed a significant interaction between cognitive 

reappraisal and SSRT on negative affect. Probing of this interaction revealed that for 

participants with SSRTs +1.1SD above of the mean, cognitive reappraisal was negatively and 

significantly associated with negative affect. One interpretation for this interaction could be 

that slower inhibitors benefit more than faster inhibitors from using cognitive reappraisal to 

reduce negative affect. According to Joormanns’ (2010) model, those with worse inhibitory 

control would have more emotional reactivity to negative material and prolonged experiences 

of negative emotions, resulting in high trait negative affect. More precisely, poorer inhibitors 

might have enhanced access to negative material in working memory, along with difficulties 

in expelling this material. Joorman (2010) suggests that inhibitory deficits are accompanied 

by difficulties in using reappraisal. The present study could not assess this, as none of the 

participants had SSRT scores that qualified as “deficient”. However, the present results 

suggest that compared to better inhibitors, poorer inhibitors seem to gain more from using 

cognitive reappraisal. As better inhibitors are believed to be better at inhibiting prepotent 
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negative appraisals, they might not need to regulate their emotions to the same degree as 

poorer inhibitors, perhaps explaining the absence of a direct association between reappraisal 

and negative affect for the overall sample. Put more simply, while poorer inhibitors might 

benefit from emotion regulation strategies targeted at the response-stage of emotion 

generation, better inhibitors might implement inhibition-related regulatory strategies at earlier 

stages, so that reappraisal is not needed. The observed interaction in the present study lends 

support to the theory that inhibitory control is involved in emotion regulation, perhaps in 

early stages of emotion generation.         

 This finding is particularly interesting, as Joormanns (2010) model is primarily 

targeted towards the role of inhibition in mood disorders. As the present study was conducted 

using a healthy sample with no previous history of such illness, this finding could suggest 

that inhibitory control affects mood and affect in healthy people as well. It would be 

interesting to replicate this study using sub-clinical and clinical samples to see whether the 

same results and trends emerge in individuals with higher negative affect levels and different 

emotion regulation habits than in the present sample. Additionally, this finding also further 

supports the use of the SSRT as a measure of inhibitory control in a cognitive, rather than 

purely behavioral/motor context. As no significant direct associations were found in the 

present study, but an interaction was, future research on cognitive control and emotion 

regulation might benefit from investigating potential moderating or mediating variables, 

rather than looking at direct associations.  

It could be mentioned, that when looking at the multiple line plot of the moderation 

analysis (Figure 7), it does appear that at low levels of cognitive reappraisal, those with short 

SSRTs generally have lower negative affect levels than those with longer SSRT. 

Furthermore, affect differences between better and poorer inhibitions seem to level out with 

increasing use of cognitive reappraisal. However, as the moderating effect of SSRT was only 

significant at 1.1 SD above the mean (blue line), one cannot actually make any assumptions 

based on the two bottom lines of this plot.  

4.2. Brain-affect and brain-behaviour correlations 

4.2.1. Frontal-midline theta and negative affect. 

No association was found between FMθ during stop trials and negative affect. 

Previous studies have reported associations between FMθ power and performance on 
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cognitive control and memory tasks (Enriquez-Geppert et al., 2014; Eschmann, Bader & 

Mecklinger, 2020; Jensen et al., 2002), including on the SST (Huster et al., 2013).  

 In general, FMθ cannot be said to reflect inhibitory processes specifically, as it has 

been associated with a wide variety of cognitive control tasks. More precisely, although it has 

been associated with inhibitory performance, it is not believed to reflect inhibitory processing 

specifically. As previously mentioned in the introduction, during the SST, the MCC has been 

proposed at a detector of conflict that signals the need for increased control to other regions 

(Botvinick et al., 2001). Furthermore, conflict-related processing is often indexed by a frontal 

negative ERP occurring 200ms after stimulus presentation, referred as the N2, which in turn 

might be generated by FMθ activity (Enriquez-Geppert et al., 2014). In the context of 

emotion regulation, the MCC has been proposed to play a central role in the integration of 

relevant information, and as a signaller to subcortical regions involved in emotion generation 

(Kohn et al., 2014). Although the MCC might be involved in the integration of information 

and signalling to other regions in both cognitive and emotional control, the types of 

information and conflict-processing in the two domains could very well differ. For instance, 

it could be that conflict processing as reflected by FMθ during the SST, while important for 

response inhibition, is less involved in managing negative affect levels. Thus, although FMθ 

is associated with both cognitive control and emotion regulation, it might reflect different 

underlying processes. And so, although some researchers have proposed FMθ as a sort of 

lingua franca for cognitive and emotional processing and control (Cavanagh et al., 2011; 

Cavanagh & Shackman, 2012), no support for this theory was found in the present study.  

However, the present study was not designed to evaluate how cognitive control FMθ 

is directly associated with emotion regulation, only how FMθ relates to negative affect. Due 

to time-restrictions, and to avoid contamination effects of other tasks in the overall pilot 

study, an emotion regulation task could not be included. This study found no associations 

between FMθ and negative affect, but FMθ was measured during inhibitory processing, not 

during emotion regulation. Future research should investigate whether FMθ elicited during 

cognitive control, and inhibitory control specifically, is associated with FMθ elicited during 

emotion regulation and investigate the neural generators of these signals. One drawback of 

this approach, however, could be that lab-based measures do not always correspond to real-

life effects. Thus, although theta is found to be associated with lab measures of both cognitive 

and emotional control, it might still have little predictive power for trait-like effects.  
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4.2.2. Frontal midline theta and inhibitory control.      

An exploratory correlation analysis of the association between FMθ and inhibitory 

control revealed a significant positive correlation between FMθ during stop trials and SSRT, 

where longer SSRTs during stop trials predicted larger FMθ increases. This finding suggest 

that power increases do not predict better performance on the SST, as previous investigations 

would lead us to expect (Neo, Thurlow & McNaughton, 2011), but rather poorer 

performance.           

 While several studies report that larger FMθ signals predict better cognitive 

performance (Enriquez-Geppert et al., 2014; Eschmann, Bader & Mecklinger, 2020; Jensen 

et al., 2002), some report findings more similar to those in the present study. For instance, 

Maurer and colleagues (2015) report FMθ increases with increasing working-memory load, 

and that individual differences in FMθ responses was related to individual differences in 

response accuracy. Specifically, larger FMθ responses corresponded to lower accuracy, 

which the authors interpret as a reflection of individual differences in task difficulty. Thus, 

one interpretation for the observation that longer SSRTs corresponds to larger FMθ responses 

could be that slower inhibitors need to recruit additional cognitive and neural resources to be 

able to stop (i.e. increased task difficulty). However, decreased FMθ combined with 

increased behavioural inhibitory performance has also been reported previously (Lavallee et 

al., 2014), suggesting that bigger is not always better in the context of FMθ and inhibition. A 

general association between FMθ and inhibition is therefore suggested, but as the literature 

on the exact nature and direction of this relationship is sparse, further research is needed. 

The analysis revealed a strong relationship between FMθ and SSRT, but no 

association between FMθ and negative affect. This could perhaps be expected, as the 

association between SSRT and negative affect was not significant. However, even though the 

relationship between FMθ and SSRT is strong, it still leaves approximately half the variance 

in SSRT unexplained, suggesting that other aspects involved in inhibitory performance not 

reflected by FMθ during stop trials might be more relevant for trait-negative affect. Even 

though the SSRT-negative affect association was not significant, it at least did have some size 

(r = .34, p =. 06) and corresponded to the hypothesized direction. Although it cannot tell us 

anything in the present context, it would be relevant do see whether the SSRT-negative affect 

association can reach significance in future studies utilizing larger samples.  
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4.3. Limitations and future directions 

One limitation in the present study was the limited sample size. This might have led to 

low power during the statistical analysis, possibly resulting in inflated associations. 

Consequently, some caution in the interpretation and conclusions from this study is 

necessary, and further research utilizing a larger sample size could be warranted.  

The overall experimental procedure was time consuming, with one session taking 

approximately 3 hours to complete. The SST was the first experiment in the EEG session, 

and so should not be influenced by fatigue. The self-report measures, however, were 

completed last in each session, and took up to 40 minutes to complete. Questionnaire length 

and fatigue effects could have influenced data quality of the ERQ and PANAS responses 

(Lavrakas, 2008). Furthermore, the PANAS, as implemented in the present study, only 

measures degree of positive and negative affect experienced over the past two weeks. 

Although re-test reliability and correlations between short-term measures and longitudinal 

measures of the PANAS have been found to be high (Hudson, Lucas & Donnellan, 2017; 

Leue & Beaucudel 2011), affect scores could have been influenced by emotional events 

during these two weeks, and thus not regarded as trait measures. Future investigations might 

benefit from looking at longitudinal measures of trait affect. As mentioned in the discussion, 

it might also be relevant to assess the validity of the SSRT as a measure of cognitive 

inhibition.  

As the present study was not designed to evaluate how cognitive control FMθ is 

directly associated with emotion regulation, future research should investigate whether FMθ 

elicited during cognitive control, and inhibitory control specifically, is associated with FMθ 

elicited during emotion regulation and investigate the neural generators of these signals. 

Furthermore, as the present study found no significant direct associations between inhibitory 

performance and affect scores (although there seems to be some trend) but did find that SSRT 

had a moderating effect on emotion regulation, future research might benefit from 

investigating potential moderating or mediating variables, rather than looking at direct 

associations.          

 Lastly, the contradictory findings on the association between FMθ and inhibition in 

the present and previous studies highlight the need for further research on the exact nature 

and direction of this relationship.  
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4.4. Concluding remarks 

The present study sought to investigate associations between inhibitory control, 

emotion regulation and frontal midline-theta. While no significant correlations were found 

between cognitive reappraisal and negative affect, nor between SSRT and negative affect, a 

moderation analysis revealed a significant association between cognitive reappraisal and 

negative affect for slow inhibitors. These findings correspond with Joormanns (2010) model 

of the role of inhibitory deficits in mood disorders, where impairments in inhibitory control 

are suggested to lead to sustained negative affect. More precisely, poor inhibitors might 

experience heightened emotional reactivity to negative material, as well as prolonged 

negative affect. While these individuals might benefit from the use of emotion regulation 

strategies such as cognitive reappraisal, better inhibitors might not, as they are able to inhibit 

automatic negative appraisals so that emotion regulation is not needed. Furthermore, the 

results from the present study indicate that inhibition might not only be a key mechanism of 

emotion regulation in mood disorders, but also in healthy individuals.  

Frontal-midline theta activity has previously been associated to both cognitive control 

and emotion processing- and regulation. The present study found no associations between 

FMθ during inhibitory processing and negative affect. This indicates that FMθ elicited during 

inhibitory processing may not relate to emotion regulation. Whether FMθ activity elicited 

during emotion processing and regulation reflects the engagement of the same neural regions 

involved in cognitive control processing, such as inhibition, needs further research. This is 

especially relevant given the findings of the present study that inhibitory performance 

moderates the association between cognitive reappraisal and negative affect.  

While the exact nature of the relationship between different components of cognitive 

control and emotion regulation remains unclear, the present findings, along with previous 

studies linking cognition to emotion, highlight the need for further research. Negative affect 

can have serious detrimental effects on our overall well-being, and thus, identifying 

underlying or influencing mechanisms of emotion regulation remains an important 

endeavour.   
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