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2 Summary in English 

The strategies people use to regulate their emotions are important for mental health 

and well-being (Gross, 1998). Previous research has shown a relationship between 

an individual’s working memory capacity and emotion regulation ability (Schmeichel 

& Tang, 2015). The relationship between updating of affective material in working 

memory and emotion regulation, however, is not well understood. The aim of the 

present study was to investigate how individual differences in an affective working 

memory updating task relate to self-reported cognitive emotion regulation habits.  

We investigated rumination and positive reappraisal, two prominent emotion 

regulation strategies that play an important role in mental health and well-being 

(Aldao, Nolen-Hoeksema, & Schweizer, 2010). Based on previous findings and theory 

(Levens & Gotlib, 2010; Pe et al., 2015), we hypothesized that rumination should be 

associated with slower updating of negative with positive material, and faster 

updating of positive with negative material in working memory. Additionally, we 

expected faster processing of negative material when no updating was necessary. 

With regard to positive reappraisal, we expected faster updating of negative with 

positive material in working memory.  

We collected a convenience sample and tested 170 participants in an affective 

working memory updating task (1-back). The participants had to decide whether the 

valence (positive or negative) of the picture they were seeing was the same, or 

different from the one shown one before. The picture sequences were 

experimentally manipulated to create break trials (incoming valence is different from 

the preceding pair) and perseveration trials (incoming valence is the same as the 

preceding pair). We ran mixed-effect regression models in order to test the 

interaction between emotion regulation strategy, trial sequence, and valence.  

We could show that a participant’s tendency to ruminate is associated with faster 

updating of positive with negative valence in working memory. Further, we observed 

a trend that indicated faster reaction times to negative valence when the previous 

picture pair was also negative. However, we could not show a relationship between 

higher rumination and slower updating of negative with positive valence in working 
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memory. No valence-specific effects with positive reappraisal habits were found, 

although some unspecific effects in the neutral control tasks were observed.  

This study is the first to investigate how the interaction of trial sequence and valence 

relates to rumination. Our results are partially in line with Levens and Gotlib’s (2010) 

findings in individuals with depression and fit the attentional scope model of 

rumination (Whitmer & Gotlib 2013). Although the observed effect sizes in our study 

are small, our results suggest that a tendency to ruminate is reflected in shorter 

activation of positive material in working memory and preferential processing of 

negative material. This cognitive bias might reflect a negative thinking style that is 

associated with habitual rumination.  

In conclusion, since the degree of rumination is associated with reduced well-being 

and is considered a risk and mediating factor in depression (Demeyer et al., 2012), 

early interventions to reduce rumination habits are important. Based on our 

findings, we suggest that computerized updating trainings may be designed in a way 

that particularly target the process of holding active positive information in working 

memory. In this way, habitual ruminators may practice to focus on positive material 

in memory and train to be less responsive to competing negative information. 

Improvements and suggestions for future studies are discussed.  
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3 Summary in German 

Die Strategien mit denen Menschen ihre Emotionen regulieren spielen eine wichtige 

Rolle für die psychische Gesundheit und das Wohlbefinden (Gross, 1998). Frühere 

Untersuchungen haben einen Zusammenhang zwischen der 

Arbeitsgedächtniskapazität einer Person und ihrer Fähigkeit zur Regulierung von 

Emotionen gezeigt (Schmeichel & Tang, 2015). Der Zusammenhang zwischen der 

Aktualisierung von affektiven Informationen im Arbeitsgedächtnis und der 

Regulierung von Emotionen ist jedoch nicht gut erforscht. Das Ziel dieser Studie war 

es zu untersuchen, wie individuelle Unterschiede in einer affektiven 

Arbeitsgedächtnisaktualisierungsaufgabe mit selbst berichteten kognitiven 

Emotionsregulationsgewohnheiten zusammenhängen. 

Wir untersuchten Grübeln und positive Neubewertung, zwei Strategien zur 

Regulierung von Emotionen die eine wichtige Rolle für die psychische Gesundheit 

und das Wohlbefinden spielen (Aldao, Nolen-Hoeksema & Schweizer, 2010). 

Basierend auf früheren Erkenntnissen und Theorien (Levens & Gotlib, 2010; Pe et al., 

2015) stellten wir die Hypothese auf, dass vermehrtes Grübeln mit einer 

langsameren Aktualisierung von negativen hin zu positiven Inhalten und einer 

schnelleren Aktualisierung von positiven hin zu negativen Inhalten im 

Arbeitsgedächtnis verbunden sein sollte. Zusätzlich erwarteten wir eine schnellere 

Verarbeitung der negativen Inhalte, wenn keine Aktualisierung erforderlich war. Im 

Hinblick auf positive Neubewertung erwarteten wir eine schnellere Aktualisierung 

negativer mit positiven Inhalten im Arbeitsgedächtnis. 

Wir haben eine Freiwilligen-Stichprobe erhoben und 170 Teilnehmerinnen und 

Teilnehmer in einer Aufgabe zur Aktualisierung des affektiven Arbeitsgedächtnisses 

(1-back) getestet. Die Teilnehmenden mussten entscheiden, ob die affektive 

Wertigkeit (Valenz: positiv oder negativ) des gezeigten Bildes der des zuvor 

gezeigten Bildes entsprach. Die Bildsequenzen wurden experimentell manipuliert, 

um Unterbrechungsdurchgänge (eingehende Valenz unterscheidet sich vom 

vorangegangenen Bildpaar) und Verbleibdurchgänge (eingehende Valenz entspricht 

dem im Arbeitsgedächtnis aktiven Valenzpaar) zu erstellen. Wir haben 
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Regressionsmodelle mit gemischten Effekten berechnet, um die Interaktion 

zwischen Bildsequenzen, Valenz, und Emotionsregulations-Strategie zu testen. 

Wir konnten zeigen, dass die Tendenz zum Grübeln mit einer schnelleren 

Aktualisierung von positiven hin zu negativen Inhalten im Arbeitsgedächtnis 

verbunden ist. Des Weiteren haben wir Trends beobachtet, die auf eine 

Beschleunigung der Reaktionszeiten auf negative Bilder hinwiesen, wenn das 

vorherige Bildpaar ebenfalls negativ ist. Wir konnten jedoch keine Zusammenhänge 

zwischen Grübeln und der Aktualisierung von negativer mit positiver Valenz im 

Arbeitsgedächtnis feststellen. Es wurden keine Valenz-Bildsequenz Effekte in 

Abhängigkeit von Neubewertungsgewohnheiten gefunden, obwohl einige 

unspezifische Effekte bei den neutralen Kontrollaufgaben beobachtet wurden. 

Diese Studie untersuchte erstmals die Wechselwirkung zwischen Bildsequenz und 

Valenz und deren Zusammenhang mit Grübeln. Unsere Ergebnisse stimmen teilweise 

mit den Ergebnissen von Levens und Gotlib (2010) sowie dem 

Aufmerksamkeitsmodell des Grübelns überein (Whitmer & Gotlib 2013). Obwohl die 

in unserer Studie beobachteten Effektstärken gering sind, deuten unsere Ergebnisse 

darauf hin, dass sich eine Tendenz zum Grübeln in einer reduzierten Aktivierung von 

positiven Inhalten im Arbeitsgedächtnis, und einer bevorzugten Verarbeitung von 

negativen Inhalten widerspiegelt. Diese kognitive Tendenz könnte den negativen 

Denkstil andeuten, der mit gewohnheitsmäßigem Grübeln verbunden ist. 

Da der Grad des Grübelns mit einem verminderten Wohlbefinden verbunden ist und 

als Risikofaktor für die Entwicklung von Depressionen angesehen wird (Demeyer et 

al., 2012), sind frühzeitige Interventionen zur Verringerung der Grübelgewohnheiten 

wichtig. Basierend auf unseren Ergebnissen schlagen wir vor, dass 

computergestützte Arbeitsgedächtnis-Aktualisierungstrainings entwickelt werden 

sollten, die insbesondere auf den Aktivierungsprozess positiver Informationen im 

Arbeitsgedächtnis abzielen. Auf diese Weise könnten gewohnheitsmäßige 

Grüblerinnen und Grübler üben, sich auf positive Inhalte im Arbeitsgedächtnis zu 

fokussieren und so trainieren, weniger auf konkurrierende negative Informationen 

zu reagieren. Verbesserungen und Vorschläge für zukünftige Studien werden 

diskutiert. 
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7 Introduction 

7.1 Emotion and Emotion Regulation 

When confronted with, for example, giving a talk in public, people may feel and 

respond differently. Some people may perceive this situation as threatening and feel 

anxious. Other people may think about it as a great opportunity to share ideas and 

may interpret their anxiety as being helpful to concentrate during the talk. Anxiety is 

referred to as an emotion. Thinking about giving a talk in a positive manner, or 

interpreting the bodily symptoms associated with anxiety differently, are forms of 

emotion regulation. These forms of emotion regulation require higher cognition such 

as actively changing affective content in working memory. This dissertation is 

concerned with individual differences in cognition and emotion regulation. Precisely, 

how does ones ability to update affective information in memory relate to the 

habitual use of two common cognitive emotion regulation strategies, namely 

reappraisal and rumination?  

7.1.1 Emotion 

Emotions are bodily sensations associated with thoughts and behavioral responses, 

that are provoked by personally relevant internal or external events (Cabanac, 2002). 

Feeling is often used synonymously; however, the term is more general and 

emphasizes the subjective component of an emotion more strongly (Meiselman, 

2016). Mood refers to an emotional state that has a longer duration (hours to days), 

is less specific, and of lesser intensity than the experience of emotion (Ekkekakis & 

Russell, 2013). Finally, affect, also often used interchangeably with emotion, refers 

to the most basic neurophysiological state that is consciously accessible (Russell, 

2009).  

Theories of emotion can be divided into three conceptual approaches (Meiselman, 

2016): Basic emotion theories (e.g., Ekman, 1992a, 1992b; Panksepp, 2011) 

postulate six discrete emotions (anger, disgust, fear, happiness, sadness, and 

surprise) that are assumed to be naturally hardwired in the brain and thus universal. 

Dimensional approaches, e.g., the circumplex model (Russell, 2009), suggest that 

emotions or feelings are perceived predominately as affect on the dimensions 
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valance (pleasant to unpleasant) and arousal (low activation to high activation). Later 

on, an approach-avoidance continuum was added (Neumann & Strack, 2000). This 

model assumes that positive affective states go along with approach tendencies, and 

negative affective states with avoidance tendencies. The third approach subsumes 

classical appraisal e.g., (Roseman, Antoniou, & Jose, 1996), and construction theories 

of emotion (Barrett, 2006, 2017). Appraisal theories assume that the human brain 

interprets emotions triggered by objects and events, and that these interpretations 

influence the emotional experience. The theory of constructed emotion was 

developed in order to resolve the emotion paradox (Barrett, 2006). The emotion 

paradox refers to the fact that we often experience emotions in ourselves and others 

as discrete whereas no neurophysiological fingerprint has been found for a any of 

the proposed discrete emotions (Lindquist, Wager, Kober, Bliss-Moreau, & Barrett, 

2012). The theory of constructed emotion therefore suggests that only basic affect is 

represented neurophysiologically, and emotions are constructed based on past 

experience, as well as concepts and prediction, via various brain networks working in 

combination (Barrett & Wager, 2006).  

7.1.2 Measurement and Evocation of Emotion 

The measurement of emotion or affect can take place on different levels of analysis 

such as self-report, behavioral, and physiological measures, which are often 

combined in a multi-method fashion. Most conveniently, research participants are 

asked to report how and what they “feel“. To measure discrete concepts of emotion, 

the Positive and Negative Affect Schedule (PANAS; Watson, Clark, & Tellegen, 1988), 

amongst others, is widely used. In the PANAS, the intensities of specific emotion 

adjectives are rated (trait or state) and positive and negative affect can be 

differentiated. To measure affect dimensionally, scales measuring constructs such as 

pleasure, arousal, dominance, or approach/avoidance tendencies are used. Among 

the most popular self-report tools is the Self-Assessment Manikin (SAM; Bradley & 

Lang, 1994), a pictorial scale (ranging from 1-9) to measure valence and arousal. A 

recent adaptation using smileys is the Affective Slider (Betella & Verschure, 2016).  

In terms of behavioral measures, voice pitch, for example, is positively related to 

arousal, however, largely unrelated to valence (Scherer, 2003). For measuring 
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discrete emotion in facial behavior, the Facial Action Coding System (FACS; Ekman & 

Rosenberg, 2012) has been developed. Considering reaction time as observable 

behavior, experimental paradigms that test how much impact emotion has on 

cognitive processing such as attention (and vice versa) can be used. For example, the 

Emotional Dot Probe task (MacLeod, Mathews, & Tata, 1986) tests selective 

attention towards emotional stimuli. The Emotional Stroop task (Williams, Mathews, 

& MacLeod, 1996) measures inference of emotional stimuli on a color naming task, 

and the emotional Go/No-Go task measures the impact of emotional stimuli on 

motor inhibition (e.g., Tottenham, Hare, & Casey, 2011). Finally, ecological 

momentary assessment (EMA) is increasingly used to measure the experience of 

emotion in every-day situations (Schatten et al., 2019). Although the data collection 

still largely relies on self-report, there are attempts to utilize smart phone meta data 

(location, activity etc.) as a proxy for emotional behavior (Asselbergs et al., 2016). 

As physiological correlates of emotion and affect, autonomous nervous system (ANS) 

responses (electrodermal, cardiovascular, and muscle activity), reflexes (eye blink), 

as well as central nervous system (CNS) activity, as indicated by brain activity (for 

example Electroencephalography: EEG or functional magnetic resonance imaging: 

fMRI) can be used. Facial movements can be assessed via muscle activity in the 

corrugator supercilii (furrowing of the eyebrows) and the zygomatic muscle (rising of 

the corners of the lips; Cacioppo, Tassinary, & Berntson, 2016). However, as for the 

FACS, measuring facial activity is feasible to assess the valence of a person’s 

emotional state, but is viewed as limited in discerning discrete emotional reactions 

(Dursun, Emül, & Gençöz, 2010). The startle reflex, a defense response indicated by 

eye blink (Lang, Bradley, & Cuthbert, 1990), has been shown to be sensitive to 

valence (stronger startle reflex during negative pictures) in particularly arousing 

pictures (Grillon & Baas, 2003). Pupil size has been shown to correlate with arousal, 

however, not with valence (Bradley, Miccoli, Escrig, & Lang, 2008). In short, studies 

point to a relationship between ANS responses and measures of valence and arousal, 

rather than discrete emotions (Cacioppo et al., 2016). With regard to CNS activity, 

EGG measures such as event-related potentials (ERP) are modulated by picture 

valence (P300), and at later processing stages by subjective salience (Late Positive 

Potential: LPP; (Conroy & Polich, 2007; Hajcak, Macnamara, & Olvet, 2010). 
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Neuroimaging studies using fMRI can indicate activation with high spatial resolution. 

However, discrete emotions cannot be related to specific neural circuits (Lindquist et 

al., 2012). Even the amygdala that was long thought to be the ’fear area’ in the brain 

has been shown to primarily respond to unexpected inputs of motivational 

significance rather than the experience of fear or processing of fear-related stimuli 

per se (Janak & Tye, 2015). However, there is some evidence that approach and 

avoidance tendencies involve localizable brain circuits (Aupperle, Melrose, Francisco, 

Paulus, & Stein, 2015).  

To evoke an emotional or affective state experimentally, emotion, mood, or affect is 

typically induced with emotional or affective words, images (scenery or facial 

expressions), film clips, music, imagination, stimulation of other senses (e.g., taste or 

smell), or provocative real-life situations created in the laboratory such as the Trier 

Social Stress Test (Kirschbaum, Pirke, & Hellhammer, 1993). Widely used word lists 

are the Affective Norms for English Words (ANEW: Bradley & Lang, 2008). For affect 

or emotion evocation with images, databases such as the International Affective 

Picture System (IAPS: Lang, Bradley, & Cuthbert, 1997), or more modern versions 

such as the Nencki Affective Picture System (Marchewka, Żurawski, Jednoróg, & 

Grabowska, 2014), are available. For an extensive list of stimulus sets and evocation 

procedures see (Coan & Allen, 2008). 

7.1.3 Emotion Regulation  

Emotion regulation (ER) refers to the processes by which individuals change the 

type, intensity, expression, duration, and physiological experience of an emotion 

(Gross, 2013). According to Gross’s process model (Gross, 1998), ER can take place at 

different stages during the emotion-generative process. These processes can be 

grouped into antecedent focused strategies (situation selection, situation change, 

cognitive deployment, cognitive change) and response focused strategies (Gross, 

2013). Before the full experience of an emotion (antecedent focused strategies), the 

person can decide to approach or avoid an emotionally relevant situation. Further, a 

situation can be changed, for example, by physically distancing oneself from another 

person or object. Further, cognitive deployment can be used. This includes 

distraction, rumination, worry, or thought suppression. Distraction refers to 
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diverting ones attention away from an emotional stimulus. Rumination is defined as 

repetitive thought about possible causes, meanings and consequences of negative 

feelings (Nolen-Hoeksema, Wisco, & Lyubomirsky, 2008). Worry refers directing ones 

attention towards potentially negative future events, and thought suppression refers 

to directing attention away from negative thought and images (Campbell-Sills & 

Barlow, 2007). Cognitive change subsumes reappraisal, distancing and humor. 

Reappraisal is defined as mentally reinterpreting an event in order to change its 

emotional impact (Gross & John, 2003). Distancing refers to taking a third-person 

perspective, also to attenuate the emotional impact (Ayduk & Kross, 2010). Finally, 

humor has been shown to be helpful to both up-regulate positive and down regulate 

negative emotion (Samson & Gross, 2012). Later in the ER process, response focused 

strategies can be used to modulate emotion. These may include expressive 

suppression, for example trying to remain stone-faced, relaxation and breathing 

exercises, physical exercise, eating, drug use, or sleep (Gross, 2013). Difficulties in ER 

have been associated with various types of psychopathology (Aldao, Nolen-

Hoeksema, & Schweizer, 2010; Sheppes, Suri, & Gross, 2015), and ER training has 

positive effects on psychotherapy outcome (Berking et al., 2008). 

7.1.4 Measurement and Evocation of Emotion Regulation  

To measure ER and its processes, the methods and levels of analysis are similar to 

those used in the study of emotion in general. Commonly used self-report 

instruments explicitly devoted to measure ER are the Emotion Regulation 

Questionnaire (ERQ; Gross & John, 2003) which assesses suppression and 

reappraisal, the Difficulties In Emotion Regulation Scale (DERS: (Gratz & Roemer, 

2004) which assesses the awareness, understanding, acceptance, and modulation of 

emotions, and the Cognitive Emotion Regulation Questionnaire (CERQ; Garnefski, 

Kraaij, & Spinhoven, 2001).  

The CERQ is a multidimensional questionnaire that asks how an individual habitually 

responds to negative events. It is concerned with cognitive response styles rather 

than behavior. It consists of 36 items measuring nine subscales. These subscales are: 

Self blame - thoughts of blaming oneself for what happened; Blaming others - 

putting the blame of what one has experienced on others; Acceptance - accepting 
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what one has experienced; Refocus on planning - thinking about what steps to take 

and how to cope with the negative event; Positive refocusing - thinking about 

positive and pleasant things instead of thinking about the negative event; 

Rumination - focus on the feelings and thoughts associated with the negative event; 

Positive reappraisal – changing the meaning to the negative event into something 

positive and growth related; Putting into perspective - playing down the seriousness 

of the event or seeing it as relative to other events; Catastrophizing - thoughts 

emphasizing the misery of an experience.  

Strong relationships have been found between the CERQ scales rumination, 

catastrophizing, self-blame and positive reappraisal (inversely), and the report of 

emotional problems and symptoms of depression and anxiety (Garnefski & Kraaij, 

2007).  Moreover, rumination is considered a risk and mediating factor in depression 

(Demeyer et al., 2012) and positive reappraisal is considered a protective factor that 

makes people resilient against stress (Kalisch, Müller & Tüscher, 2015). Since 

rumination and positive reappraisal are two important ER strategies (Aldao, Nolen-

Hoeksema, & Schweizer, 2010) that have also been of primary interest in 

neurocognitive approaches (Whitmer & Gotlib, 2013; Kalisch, Müller & Tüscher, 

2015), the main part of the current work will focus on these two.  

Behavioral measures of ER usually rely on an initial evocation of emotion or affect. 

There is no standardized ER paradigm, however, the principles can be summarized as 

follows (see Schmeichel, Volokhov, & Demaree, 2008 for a detailed description): 

Participants view emotional stimuli, are asked to regulate their emotional 

experience, and finally report if their emotional experience has changed. Regulation, 

for example down regulation of negative emotion, is achieved by asking the 

participants to employ strategies such as reappraisal or distraction. Further, use of 

ER strategies and its association with positive and negative affect can be measured 

in everyday behavior via EMA (e.g., Brans, Koval, Verduyn, Lim, & Kuppens, 2013). 

Recently, researchers have started to investigate the link between a person’s 

memory and ER ability (Hofmann, Gschwendner, Friese, Wiers, & Schmitt, 2008; 

Schmeichel, Volokhov, & Demaree, 2008), as reviewed in the next section.  

Physiological correlates of ER exist, but are rather unspecific. With regard to ANS 

activity, one proposed correlate of ER is the variation in time between consecutive 
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heartbeats, referred to as heart rate variability (HRV); with higher variability in heart 

beats being associated with functional ER (Balzarotti, Biassoni, Colombo, & Ciceri, 

2017; Mather & Thayer, 2018). With regard to CNS activity, the LPP is attenuated 

during cognitive reappraisal of negative stimuli (Speed, Levinson, Gross, Kiosses, & 

Hajcak, 2017). Moreover, the LPP modulation has been shown to be associated with 

self-reported use of specific ER strategies (Myruski, Bonanno, Cho, Fan, & Dennis-

Tiwary, 2019). Finally, brain regions (fMRI) commonly activated during ER include the 

ventral anterior cingulate, ventromedial prefrontal cortices, the lateral prefrontal, 

and parietal cortices (Etkin, Büchel, & Gross, 2015).  

 

7.2 Cognition and Emotion Regulation  

Cognition refers to information processing and mental operations such as thinking, 

reasoning, imagining, learning, and remembering (Wessinger & Clapham, 2009). The 

focus in this section will be on memory, precisely working memory and working 

memory updating and how it relates to ER.  

7.2.1 Working Memory (Updating) 

Working memory (WM) is a limited-capacity system that allows for active 

maintenance and manipulation of select information in memory (Baddeley, 1996; 

Miyake, Akira, Shah, 1999). One established paradigm to measure WM capacity is 

the operation span task (OSPAN; Turner & Engle, 1989), which tests participant’s 

ability to maintain information in memory and perform other cognitive operations 

simultaneously.  

WM updating refers to the monitoring of incoming information, its coding for 

relevance to the current goal, review of the information held in WM, and 

replacement of old, no longer relevant information with the new relevant 

information (Morris & Jones, 1990). Studies have shown that WM and WM updating 

tasks are only weakly correlated and do not measure the same processes (Jaeggi, 

Buschkuehl, Perrig, & Meier, 2010; Kane, Conway, Miura, & Colflesh, 2007; Redick & 

Lindsey, 2013). Therefore, WM updating is often treated as a separable process. 

Besides set-shifting, inhibition, and conflict monitoring, it is one of four executive 

function components (Friedman & Miyake, 2017; Miyake et al., 2000), components 
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that control primary cognitive processes, such as attention and memory, that enable 

goal-directed thought and behavior.  

An established paradigm to measure WM updating ability is the n-back task 

(Kirchner, 1958; Owen, McMillan, Laird, & Bullmore, 2005). In its basic version, the 

participant is presented with letters one after another, each shown for a few 

seconds. One might see the sequence: D, W, E, W, K, K, O, K. In a two-back task, the 

participant has to indicate whether the letter that is currently shown matches the 

one shown two trials before. Given the sequence above, the second “W” and the 

third “K” would be “targets” and therefore “match” responses. Jonides and 

colleagues (Jonides et al., 1997) described seven cognitive processes that are needed 

to perform the task: ”encoding the presented stimulus, storing and rehearsing the 

stimulus to keep it active for future decisions, matching the stimulus to a 

representation of the stimulus n-trials back, ordering the presented stimuli 

temporarily to keep track of the ordinal position of each stored stimulus, inhibiting 

the trace of the oldest stimulus held in memory so that it can be replaced by the 

newest stimulus in the sequence, and finally, giving a response based on the 

comparison (matching vs. no-matching)” (Jonides et al. (1997), p. 471). To decrease 

or increase the cognitive demands, the n-back task can be adapted by changing the 

n-level (Jaeggi et al., 2003). Moreover, n-back training with increasing the n has been 

shown to improve performance on related tasks (Jaeggi, Studer-Luethi, et al., 2010), 

and positive effects on general intelligence (Au et al., 2015), however, these effects 

are debated (Soveri, Antfolk, Karlsson, Salo, & Laine, 2017). 

7.2.2 Working Memory (Updating) and Emotion Regulation  

Neuroscientific studies emphasize the bidirectional relationship between cognition 

and emotion (Banich et al., 2009; Dolcos, Iordan, & Dolcos, 2011). Moreover, 

accumulating evidence indicates that ER relies to a large extent on the same frontal-

parietal neural circuitry as established WM tasks (Duncan & Owen, 2000; Owen et 

al., 2005). For example, cognitive reappraisal of negative pictures increases 

activation of both the lateral prefrontal cortex and the medial prefrontal cortex 

(Ochsner, Bunge, Gross, & Gabrieli, 2002; Ochsner et al., 2004), both correlates of 

WM.  



	
18 

There is a growing number of research showing that one’s WM capacity and WM 

updating ability is related to an increased ability to regulate emotion (Hofmann et 

al., 2008; Hofmann, Schmeichel, & Baddeley, 2012; McRae, Jacobs, Ray, John, & 

Gross, 2012). In their experiments (Study 1 and Study 2) Schmeichel and colleagues 

(Schmeichel et al., 2008) could show that higher WM capacity, as measured by the 

OSPAN task, is related to successful emotion suppression during emotional film clips. 

The authors could show that participants higher in WM capacity suppressed their 

emotion, measured by magnitude of facial expression, more successfully than 

participants low in WM capacity. These findings hold for suppression of both positive 

and negative emotion. When instructed to express emotion, WM capacity had no 

influence. In Study 4 (Schmeichel et al., 2008), the authors could show that WM 

capacity also moderates emotional experience. Participants were asked to approach 

funny and sad film clips in an unemotional and detached manner. Participants high 

in WM capacity reported relatively less positive emotion during the funny, and 

relatively less negative emotion during the sad film clips. Moreover, individuals with 

higher WM capacity also regulate their emotions more successfully, even when not 

explicitly instructed to do so. For example, given negative feedback after a bogus 

intelligence test, they spontaneously used more self-enhancing strategies, which in 

turn protected them from an increase in negative affect (Schmeichel & Demaree, 

2010).  

In Study 3 (Schmeichel et al., 2008), the authors used a WM updating task instead of 

the OSPAN task. Participants had to perform a verbal and a spatial 2-back task. After 

that, some participants were instructed to view a disgusting film clip in an 

unemotional and detached manner; the others were instructed to simply view the 

clip. The authors found that WM updating ability, as indicated by combined average 

response time, moderated the effectiveness of neutral cognitive appraisals during 

the disgusting film clip. In short, participants being instructed to appraise the clip 

neutrally and high in WM updating ability (faster response times) reported less 

experience of disgust during the film.  

Besides its use as a neutral WM capacity measure, the n-back task in combination 

with emotional or affective stimuli has become popular as a tool to investigate ER. 

Levens & Gotlib (2010) were the first to investigate how updating in an n-back task is 



	
19 

influenced by emotional stimuli (facial expression) and how this relates to 

depression. According to their reasoning (Levens & Gotlib, 2010), valenced 

information encountered in the environment and processed in WM interacts with 

valenced representations already held in WM. WM directly affects the level of 

elaboration that such a representation receives. A representation active in WM for a 

longer time is elaborated on more thoroughly so that stronger long-term memory 

representations are formed and the ability to recall related information is increased. 

Incoming positive information, however, may interact with negative content that is 

being maintained in WM, so that it becomes less interconnected and less negative. 

Since elaboration on negative content is also central to maladaptive rumination (e.g., 

Treynor, Gonzalez, & Nolen-Hoeksema, 2003), Levens and Gotlib (2010) 

hypothesized that the interaction between updating and emotion should be altered 

in individuals with depression, a mental disorder that is characterized by negative 

and sad mood, amongst other symptoms (American Psychiatric Association, 2013).  

In their study, the authors (Levens & Gotlib 2010) used a 2-back task with happy, 

sad, and neutral facial expressions. The participants were asked to indicate whether 

the facial expression was the same as, or different from the one shown two trials 

before. Thus, participants had to perceptually process the current facial expression, 

add it to the set held in WM, compare it to the expression two trials before, and 

disregard the expression three trials before, which became irrelevant. The authors 

varied the facial expression of the incoming and outgoing stimulus, resulting in four 

trial types: match, break, perseveration and no-set trials. In the match-set, the 

incoming facial expression is the same as the one presented 2 trials before but no set 

is active in memory. In the break-set trials, the incoming expression is different from 

the one two trials before and the expression held in memory is a match-set that 

differs from the incoming facial expression. For example, the incoming face is happy, 

the one two trials before is neutral, and the set held active in WM is sad, thus 

participants have to disengage from the sad-set. In perseveration-set trials, the facial 

expression is different from the one two trials before, but from the same category as 

the match-set being active in WM. In no-set trials, the expression is different from 

the one two trials before, and no match-set is being active in WM. In order to control 

for processing speed, the authors used a zero-back task. Here, the participants had 
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to indicate whether the facial expression they see is the same or different from the 

target shown once in the beginning.  

The authors found that individuals with depression took longer to disengage from a 

negative set and were faster at disengaging from a positive set (break trials). Further, 

they were faster at integrating sad facial expression when no set was active (no-set 

trials). In a follow-up study, similar biases were found in individuals recovered from 

depression (Levens & Gotlib, 2015), so the authors suggested a trait-like cognitive 

style that impairs adaptive cognitive ER in depression. These findings also support 

the impaired cognitive disengagement theory of depression (Koster, De Lissnyder, 

Derakshan, & De Raedt, 2011) which describes impaired disengagement from 

negative content in WM in people with depression. 

Levens and Gotlib (2012), using the same task, also investigated individual levels of 

optimism and pessimism on emotional updating. They found that pessimistic 

individuals matched positive stimuli more slowly, and disengaged from both happy 

and sad more slowly than optimistic individuals.  

Alverio and Levens (2016) also used the faces n-back task with additional fearful and 

angry faces. They investigated whether individual emotion-processing differences in 

WM updating predict the development of depression and stress in response to a 

recent trauma. Their results revealed that individuals who experienced a trauma 

update sad and fearful content faster and angry content slower than the comparison 

group. Further, overall, disengaging from positive content faster predicted higher 

levels of depression six month later, regardless of trauma status.  

In another line of research, Pe and colleagues (Pe, Raes, & Kuppens, 2013) adapted 

the emotional faces n-back task and used positive and negative (affective) words as 

stimuli and focused on overall accuracy rather than processing speed. The words 

were presented sequentially in a 2-back task and the participants were instructed to 

indicate whether the incoming word had the same valence as the one shown two 

trials earlier. Transferring from Levens & Gotlib 2010, the authors reasoned that 

rumination and reappraisal should be reflected in ones ability to update affective 

content in WM. Although the authors did not analyze trial types, i.e. differentiate 

between updating negative with positive content, or vice versa, they could show 

interesting effects. They found a relationship between use of reappraisal and 
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rumination in daily life and individual’s emotion updating ability (overall accuracy) on 

the experience of negative emotion. Specifically, reappraisal was more successful on 

lowering negative emotion when updating ability was high. Rumination generally 

was found to be associated with report of greater frequency of high arousal negative 

emotions in daily live; however, this effect was attenuated by greater updating 

ability. In another study (Pe et al., 2015) could show that better updating ability 

(overall accuracy) is related to greater emotion reactivity and quicker emotion 

recovery after watching negative clips or angering events. In a further study, under 

high levels of stress, poor emotion updating ability was associated with future 

development of depressive symptoms, suggesting this pattern to be a cognitive 

vulnerability factor (Pe, Brose, Gotlib, & Kuppens, 2016).  

In one study (Pe, Koval, & Kuppens, 2013) the authors analyzed sequences and 

divided the words into four match trial types. These were positive match trials with 

the same (Pos–Pos–Pos) or different lure valence (Pos–Neg–Pos), and negative 

match trials with the same (Neg–Neg–Neg) or different lure valence (Neg–Pos–Neg). 

Participants had higher accuracies when matching positive vs. negative stimuli in 

trials with a different lure valence, but not in trials with the same lure valence. 

Moreover, participants who were better, that is, had higher accuracy and faster 

reaction times at retaining and updating specifically positive information in WM, had 

higher levels of life satisfaction and affect balance both at the trait level in in daily 

live. However, since only match trials were analyzed, no actual claims can be made 

about updating in terms of disengaging or perseverating on a set held in WM. 

 

7.3 Research Question 

7.3.1 Cognitive Emotion Regulation and Affective Updating 

Previous studies (Levens & Gotlib, 2010; Pe et al., 2016) have proposed cognitive 

processes during cognitive ER (reappraisal and rumination) and conceptually related 

those to emotional WM updating. For example, changing the perspective 

(reappraisal) about a negative event (e.g., an upcoming public talk) in order to make 

it less stressful requires two processes. Previously relevant information in WM (e.g., 

“I will not be able to remember what to say”) needs to be removed. Additionally, 
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more recent relevant information needs to be incorporated into WM (e.g., “I have 

my notes on a laptop so I’ll be fine”). This updating process may also require a 

certain amount of inhibition (of negative content), which would be in line with claim 

3 (inference inhibition) of the positive appraisal style theory of resilience (PASTOR; 

Kalisch et al., 2015). If a person has difficulties in updating (negative) affective 

information with positive information, (positive) reappraisal may be more difficult. 

With regard to rumination, the reasoning is the following: Difficulties in updating 

negative information may lead to maintenance of negative information in WM, 

elaboration and activation of negative long-term memory, and consequently an 

increase in negative mood (Levens & Gotlib, 2010; Koster et al., 2011; Whitmer & 

Gotlib 2013). 

7.3.2 Research Gap and Aims of the Current Study 

Two different emotional/affective WM updating paradigms have been used to 

investigate cognitive ER. The main differences between the two streams are the 

stimuli used to evoke emotion/affect, the task instruction, the trial type 

manipulation, the dependent variables (accuracy or reaction time), and whether a 

neutral control task was used or not.  

Levens and Gotlib (2010, 2015) used discrete emotional facial expressions (for short: 

faces task) and Pe et al. (2013a) used affective words dichotomized according to 

their valence (positive or negative; for short: words task). In the faces task, the 

participants were asked to continually decide whether the facial expression (sad, 

happy, neutral) was the same or different from the one two trials before.  

In the words task the participants were instructed to decide whether the valence 

was the same or different. According to the authors, this added a decision task and 

ensured active processing of the valence. Consequently, they referred to it as 

affective updating. When comparing the overall accuracy between the faces task 

(control participants in Levens and Gotlib (2010) and the words task (e.g., Pe 2013b), 

the faces task (88% correct) indeed seems less difficult than the words task (65% 

correct). However, the overall reaction times are higher in the faces task (1156ms) 

than in the words task (1066ms).  
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With regard to the trial manipulation and the dependent measures, in the faces task 

the primary dependent variable was reaction time when perseverating or breaking a 

set in WM, whereas in the words task, the primary dependent variable was overall 

accuracy. An exemption was the Pe et al. (2013b) study, where reaction times in 

positive and negative match trials were analyzed.  

With regard to a neutral control task or condition, in the faces task, the authors 

included neutral facial expressions, so claims about disengaging from neutral, or 

towards neutral content could be made. Further, the authors controlled for accuracy 

between the groups in their studies so they could rule out general effects of 

updating ability. However, overall accuracy in their study was usually high (around 

90%). In the words task, no neutral words or control tasks were included. This is 

understandable since a decision on valence is more difficult with ambiguous stimuli 

such as words as compared to discrete facial expressions. Nevertheless, since no 

neutral WM updating task was included in any of the Pe et al. studies, it is difficult to 

discern the relationship between affective updating performance and ER ability from 

general neutral WM updating capabilities.  

Taken together, it is not known how the trial types (e.g., break, perseverate) 

proposed by Levens and Gotlib (2010) interact with explicit processing (decision) of 

valence, and moreover, how this relates to cognitive ER strategies. Therefore, the 

aim of the current study is to use a modified affective WM updating task, for short, 

affective updating, and investigate how it relates to the two CERQ subscales positive 

reappraisal and rumination.  

7.3.3 Modification of the Affective Updating Task 

In order to overcome these shortcomings, we created a hybrid task combining the 

principles of the faces task with those of the words task for the current study. 

Precisely, we arranged the stimuli so that different trial types, here referred to as 

conditions (break, perseverate), can be analyzed and instructed the participants to 

compare the valence. Instead of affective words, we used affective pictures as 

stimuli (Marchewka et al., 2014), since they have been shown to evoke affect 

strongly (Zhang, Yu, & Barrett, 2014), and may not be confounded by language 

effects.  
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One major modification is the use of a 1-back task rather than a 2- back task. There 

are several reasons for that. Firstly, we wanted to keep the cognitive load moderate, 

since high cognitive load might interfere with affective processing (MacNamara, 

Schmidt, Zelinsky, & Hajcak, 2012; Pessoa, 2008). Further, a pre-study (N = 10) with a 

2-back task has resulted in only moderate accuracy rates (65%), making us hesitant 

to rely on reaction times. Moreover, in a 2-back task, block-randomizing trial types 

requires to keep track of four sequential stimuli, whereas in a 1-back task it is only 

three. This reduces subject burden both in terms of cognitive demand and time, and 

increases the net number of trials that can be analyzed. Further, we included a 

control task with neutral pictures and a neutral decision (male or female gender) to 

control for processing of the trial type conditions without processing the valence.  

Furthermore, as in the faces task, we included a 0-back task to control for the 

processing speed of neutral and affective pictures outside a WM updating context. 

Moreover, we included measures of state affect in order to control for possible 

influences of mood state on affective updating. Finally, we included a manipulation 

check where the participants rated valence and arousal of the picture material that 

was used.  

7.3.4 Hypotheses 

1. Experimental effects: Given the trial type effects (break and perseverate) for 

positive (happy) and negative (sad) facial expressions in healthy control subjects 

(Levens & Gotlib, 2010), we expect the following:   

a. Breaking a negative set to positive is faster (reaction times) than 

breaking a positive set to negative. We do not expect trial type 

differences in a neutral control task (male/female). Further, accuracies 

between the trial types should not differ.  

b. Perseverating on a positive set does not differ from perseverating on a 

negative set; neither should perseverate on male compared to female 

in the neutral control task differ. Differences in accuracy between the 

trial types are not expected.  

2. Rumination effects: With regard to individual differences (trial type effects in 

break and perseverate) and self-reported cognitive ER (CERQ-Rumination scale), 
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we expect the following effects given Levens and Gotlib (2010) findings in 

individuals with depression in the faces task:  

a. Breaking a negative set to positive is slower (reaction times) in 

participants with habitual use of rumination (slower disengagement 

from negative) whereas no such relationship is expected in the neutral 

control conditions. Further, we expect no relationship with rumination 

when there are no sets to be broken in WM and no effects outside WM 

(0-back). 

b. Breaking a positive set to negative is faster (reaction times) in 

participants with habitual use of rumination (faster disengagement 

from positive) whereas no such relationship is expected in the neutral 

control conditions. Further, we expect no relationship with rumination 

when there are no sets to be broken in WM and no effects outside WM 

(0-back). 

c. Although no effects for perseveration trial types and ER have been 

reported in the literature, theoretically they should be related to both 

functional and dysfunctional cognitive ER strategies. Perseveration on a 

set active in WM should reflect how fast an individual forms an 

association of incoming affective stimuli with affective stimuli already 

held active in WM. Therefore, we hypothesize the following: 

Perseveration on negative content is faster (reaction times) in 

individuals with habitual rumination whereas no such relationship is 

expected in the positive perseverate condition or the neutral control 

conditions. 

d. We expect these effects (a-c) to be independent of response accuracy.  

3. Reappraisal effects: Pe et al. (2015) found better updating ability to be 

associated with greater effectiveness of reappraisal and less impact of 

rumination on daily life negative affect. Further, according to their initial 

reasoning, the process behind this effect should be ones’ ability to update 

negative content with positive content in WM. However, they have not tested 

this explicitly since they only analyzed overall accuracy. Given their reasoning, 

we expect the following effects:  
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a. Breaking a negative set to positive should be faster (reaction times) in 

participants with habitual use of positive reappraisal strategies (CERQ-

Positive Reappraisal scale) whereas no such relationship is expected in 

the neutral control conditions. Further, we expect no relationship with 

positive reappraisal when there are no sets to be broken in WM and no 

effects outside WM (0-back). 

b. Although Pe et al. (2015) found a relationship between reappraisal and 

global accuracy in their affective 2-back task we expect no accuracy 

effects in our task overall given that our 1-back task should be relatively 

easy.  

The experimental design in the present study allows for both testing affective 

updating ability and the analysis of biases in trial types. The analysis of trial types has 

not been done in combination with affective processing in an n-back task yet. 

Therefore, the current study may help to understand whether updating negative 

with positive content, and vice versa, is differentially associated with cognitive ER 

such as rumination and reappraisal. Further, should the relationship be elusive, the 

current paradigm may be adapted in order to create remediation trainings. For 

example, individuals with a tendency to ruminate may explicitly train to update 

negative with positive content and thereby improve the ability to disengage from 

negative content, and finally lessen rumination, increase well being, and even lower 

the risk for depression.  
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8 Methods 

8.1 Participants 

In total, a convenience sample of 191 participants was collected. Participants at the 

Hannover Medical School (Germany) were recruited using flyers handed out 

physically and via advertisements placed on the institutional intranet. Participants at 

the University of Groningen (The Netherlands) were recruited within the first year 

psychology bachelor program. Inclusion criteria were a minimum age of 18 years, 

and female, male, or diverse gender. Exclusion criteria were current or lifetime 

neurological disorders, mental retardation, motor-sensory deficits, as well as acute 

suicidality, psychosis, or acute substance intoxication or high risk for substance use 

disorder. Participants who indicated that they were currently psychotherapy were 

also excluded. Further, participants not fluent in German were excluded in 

Hannover, and participants not fluent in Dutch, German, or English were excluded in 

Groningen. The participation in the study was voluntary and conducted in 

accordance with the Declaration of Helsinki for human participant research. In 

Hannover, the participants received no compensation for participation. In 

Groningen, the participants received course credit as part of the bachelor study 

program requirements. The research project was approved by the Ethics Committee 

of the Hannover Medical School (#8197_BO_S_2018) and the Ethics Committee of 

the Department of Psychology at the University of Groningen (#PSY-1819-S-0305).  

 

8.2 Apparatus  

Both the Affective Updating Task and the questionnaires (survey) were administered 

on a desktop computer in a distraction free lab cabinet. Responses were recorded 

via keyboard button presses and mouse clicks. The Affective Updating Task was run 

in Matlab (MATLAB 2014b, version 8.4.0, The MathWorks Inc., Natick, USA) using the 

Psychophysics Toolbox extensions (Brainard, 1997), version 3.0 

(http://psychtoolbox.org), while the questionnaires were completed in a web 

browser online via SoSciSurvey (www.soscisurvey.de: Leiner, 2019). 
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8.3 Stimuli 

The experimental stimuli in the Affective Updating Task were pictures from the NAPS 

database (Marchewka et al., 2014). For practice and illustration purposes in the 

experiment, different pictures from the IAPS database (Lang et al., 1997) were used. 

The experimental pictures were pre-selected based on their norms (Marchewka et 

al., 2014) for valence (negative (1) to positive (9)), and grouped into positive and 

negative pictures, as well as neutral male and female pictures. Arousal norms (low 

(1) to high (9)), and physical parameters such as contrast and luminance 

(photometric measure of brightness) were matched across the valence categories as 

best as possible. In total, 32 different pictures were chosen for each category 

(positive, negative, neutral). The means and standard deviations for valence, arousal, 

contrast and luminance can be found in Table 1. The NAPS picture IDs and normative 

ratings of the experimental pictures can be found in Appendix 12.2. 

 

Table 1 

Experimental Picture Values  

 Affective Neutral 

 Positive Negative Male Female 

N = 32 N = 32 N = 16 N = 16 

M SD M SD M SD M SD 

Valence 7.62 0.28 3.1 0.46 5.03 0.30 4.98 0.36 

Arousal  4.60 0.58 6.30 0.59 4.99 0.41 4.87 0.19 

Contrast  68.45 12.24 65.47 10.40 65.04 8.05 68.16 10.93 

Luminance 118.76 30.22 115.92 31.08 97.28 15.41 94.93 26.28 

Note. Values indicate means (M) and standard deviations (SD) for valence, arousal, contrast, 

and luminance bases on the normative ratings (Marchewka et al., 2014). N = number of 

individual pictures in the category.  

 

Half of the pictures in each valence category (positive, negative, neutral) depicted 

clearly female (16), and the other half clearly male (16) individuals. The positive 

pictures depicted cheerful people, children, and happy social interaction or leisure 

activity. The negative pictures depicted sad or fearful people or children, desperate 

or fearful social interaction, as well as sickness, injury, or weapons and war. The 

neutral pictures depicted people in neutral or calm situations and mostly neutral 
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facial expressions. None of the pictures showed strongly appetitive content such as 

food or nudity. The pictures were presented on white background and in 18.08° 

visual angle viewing distance on the computer screens in Hannover and Groningen.  

 

8.4 Design 

8.4.1 Overview 

The Affective Updating Task comprised an affective and a neutral version. The order 

of the affective and neutral versions was counterbalanced across participants. That 

is, half of the participants started with the affective, the other half with the neutral 

version. To assess participant’s state affect, eight PANAS state items (see section 

questionnaires for details) were administered in random order, once before the 

affective, and once before the neutral condition. Each condition consisted of a 0-

back (no WM) and a 1-back (WM updating) task. The 0-back task was always carried 

out before the 1-back task.  

In the 0-back task, the participants had to compare the picture they were currently 

seeing to a reference picture shown once in the beginning and decide whether 

content matched or not. In the 1-back task, the participants had to compare the 

picture they were currently seeing to the picture just preceding and decide whether 

the content matched or not. In the affective version, the participants had to decide 

about the valence of the picture (positive/negative) and in the neutral version about 

the gender (male/female).  

In all tasks, the pictures were shown one after the other. Each picture was presented 

for 2000ms on the computer screen, preceded by a 500ms fixation cross and 

followed by a 500ms white screen. Therefore, after stimulus onset, participants had 

2500ms to make their decision. The responses were recorded on the keyboard via 

button presses on either a match or no-match button. The stimulus-response 

mapping was counterbalanced across the participants, that is, half of the 

participants used their right index finger to indicate a match and their left index 

finger to indicate a no-match, whereas this mapping was switched for the other half. 

All participants were instructed to react as fast and accurate as possible. Figure 1 

shows a general overview of the Affective Updating Task design. The trial types, 
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referred to as condition from now on, will be explained in more detail in the next 

section. 

 

Figure 1 

Affective Updating Task Design Overview 

 

Note. The affective and neutral versions were counterbalanced. Within each version, the 0-

back task was always carried out before the 1-back task. The Conditions are created by 

block-randomized trial sequences. Before the affective and neutral version, state affect was 

measured. After the experiment, the participants had to rate valence and arousal of the 

pictures.  

 

8.4.2 Zero-Back Conditions 

In the affective 0-back task, the participants had to indicate whether the valence 

(positive/negative) of the picture currently shown matched or did not match the 

valence of the reference picture. Two blocks, counterbalanced across participants, 

were shown. One block referenced to positive, and one block to negative valence. 

Each block consisted of 64 pictures, with 32 match and 32 no-match responses (as 
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compared to the reference picture). The pictures within each block were presented 

in random order.  

In the neutral 0-back task, the participants had to indicate whether the gender 

shown in the current picture (male/female) matched or did not match the gender 

shown in the reference picture. Two blocks, counterbalanced across participants, 

were shown. One block referenced to male and one to female gender. Each block 

consisted of 32 pictures, with 16 match, and 16 no-match responses (as compared to 

the reference picture). The pictures within each block were presented in random 

order. Between the blocks, the participants could have a short self-paced break. An 

illustration of the 0-back task and all possible conditions for both the affective and 

the neutral version is given in Figure 2.  

 

Figure 2 

Zero-Back Conditions 

 

Note. The first row is showing a possible sequence from a block in the affective 0-back task 

with a positive reference picture (block with negative reference picture not shown). The 

valence of the current picture has to be compared to the reference picture. The second row 
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is showing a block in the neutral 0-back task with the reference picture showing female 

gender (block with male reference picture not shown). The gender of the current picture has 

to be compared to the reference picture. Responses could be match or no-match. The 

condition names are written on top of the picture and are summarized in the table. In 

brackets: the number of cases for each condition. The coloured frames and symbols are for 

illustration only and were not shown during the experiment. The pictures shown in this 

figure are from the copyright-free Open Affective Standardized Image Set (OASIS; Kurdi, 

Lozano & Banaji, 2016) and are used here for illustration purposes only. The actual 

experimental pictures were taken from the NAPS database (Marchewka et al., 2014).  

 

8.4.3 One-Back Conditions 

In the affective 1-back task, the participants had to indicate whether the valence 

(positive/negative) of the picture currently shown matched or did not match the 

preceding picture. Four blocks were shown during the affective version. Each block 

consisted of 64 affective pictures (32 different positive and different 32 negative 

pictures) resulting in 246 trials in total. An identical picture was used four times. 

Within the blocks of the affective version, no identical pictures were shown.  

In the neutral version, the participants had to indicate whether the gender 

(male/female) matched or did not match the preceding picture. Two blocks were 

shown during the neutral version. Each block consisted of 64 neutral pictures (16 

male and 16 female) resulting in 128 trials in total. Between the blocks, the 

participants could have a short self-paced break. Within each block of the neutral 

version, an identical male respectively female picture was used twice. However, they 

could not be shown in succession.  

Across the affective and neutral blocks, half of the responses were match and the 

other half were no-match responses that were presented in random order. To create 

the conditions of interest, the picture sequences in each block of both the affective 

and the neutral version were block-randomized. In this way, four equally frequent 

conditions: match, break_to, perseverate and integrate were created. See Figure 3 

for a detailed description of the conditions. Due to constraints of the condition 

randomization algorithm, five match responses (e.g., two perseverate conditions) 

could occur in succession. In other words, either one or two perseverate conditions 
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could precede a break_to trial condition. However, the number of such cases (16 and 

8, respectively) was the same for each participant. In the neutral version, these 

numbers were 8 and 4, respectively.  

 

Figure 3 

One-Back Conditions 

 

Note. The response right after the starting picture (grey frame) of a block was not scored. 

The first condition of a block was always a match response. The first row is showing an 

example sequence of the affective 1-back task. The valence of the picture that is currently 

shown has to be compared to the valence of the preceding picture. The second row is 

showing an example of the neutral 1-back task. Here, the gender shown in the current 

picture has to be compared to the gender of the preceding picture. Responses could be 

match or no-match. The condition names are written on top of the picture and are 

summarized in the table. Match: the current picture matches the one shown before, but not 

the one shown two before, therefore, there is no set active in WM that has to be broken. 

Break_to: the current picture does not match the previous one but a preceding match in 

WM has to be broken. Perseverate: the current picture matches the one shown before and a 
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preceding match set in WM has to be perseverated on. Integrate: The current picture does 

not match the preceding one and no preceding set has to be broken. In brackets: the 

number of cases for each condition. The coloured frames and symbols are for illustration 

only and were not shown during the experiment. The pictures shown in this figure are from 

the copyright-free Open Affective Standardized Image Set (OASIS; Kurdi et al., 2016) and are 

used here for illustration purposes only. The actual experimental pictures were taken from 

the NAPS database (Marchewka et al., 2014). 

 

8.5 Questionnaires  

To assess state affect during the Affective Updating Task (“How do you feel in this 

moment?”), the participants answered eight items from the Positive and Negative 

Affect Schedule (PANAS; Watson, Clark, & Tellegen, 1988). Three items for positive 

affect (enthusiastic, excited, proud), three items for negative affect (afraid, ashamed 

and irritable), and two items for vigilance (attentive and alert) were chosen. The 

Dutch translation of these items was taken from (Peeters, Ponds, & Vermeeren, 

1996). The German items were taken from (Janke & Glöckner-Rist, 2014). The items 

were answered on a five-point Likert scale ranging from 1 = not at all to 5 = 

extremely.  

After the experimental task several questionnaires were administered in fixed order. 

Here, only the questionnaires relevant to the research question at hand will be 

reported. First, the participants had to answer demographic questions such as age, 

gender, height, weight, nationality, first and second language, relationship status, 

education, occupation, handedness, vision, as well as current or past mental or 

neurological disorders and past or current psychopharmacological medication.  

After that, the participants filled out the depression (PHQ-9: Kroenke, Spitzer, & 

Williams, 2001) and anxiety (GAD-7: Spitzer, Kroenke, Williams, & Löwe, 2006) 

modules of the Patient Health Questionnaire (Spitzer, Kroenke & Williams, 1999). In 

Dutch (King et al., 2006) and German (Löwe et al., 2002), the translations available 

online (www.phqscreeners.com), were used. The PHQ-9 is a nine-question screening 

instrument for the presence and severity of depression. The questions correspond to 

the DSM-IV (Diagnostic and Statistical Manual of Mental Disorders, fouth edition; 

American Psychiatric Association, 2013) criteria for depression. The participants 
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were asked: “Over the last two weeks, how often have you been bothered by any of 

the following symptoms?” To each question, the participants could answer from 0 = 

not at all, to 3 = nearly everyday. It has the following sum cut-off scores: minimal 0-

4, mild 5-9, moderate 10-14, moderately severe 15-19 and severe 20-27 (Kroenke et 

al., 2001). A widely used and validated cut-off score to detect major depressive 

disorder is 10 (Manea, Gilbody & McMillan, 2012). The GAD-7 is a seven-question 

screening instrument for the presence and severity of generalized anxiety. The 

participants were asked: “Over the last 2 weeks, how often have you been bothered 

by the following problems?” To each question, the participants could answer from 0 

= not at all, to 3 = nearly everyday. The cut-off scores are: minimal 0-4, mild 5-9, 

moderate 10-14 and severe 15-21 (Spitzer et al., 2006). The cut-off above 15 likely 

indicates the presence of generalized anxiety disorder (Spitzer et al., 2006). Further, 

the CERQ, originally developed in Dutch (Garnefski, Kraaij, & Spinhoven, 2001) and 

translated by the authors of the original version into English (Garnefski & Kraaij, 

2007) was administered. In German, the translation by Loch, Hiller, & Witthöft 

(2011) was used. All official translations could be requested from the authors of the 

questionnaires online (www.universiteitleiden.nl). The nine CERQ scales are 

described in the introduction. Each scale was made up of four items describing a 

possible response style. The participants were asked: “What do you generally think, 

when you experience negative or unpleasant events? Each response style (e.g., “I 

think about how to change the situation”) had to be rated from 1 = (almost) never to 

5 = (almost) always. Each scale could therefore range between a minimum sum score 

of 4 and a maximum of 20. Finally, the Alcohol, Smoking and Substance Involvement 

Screening Test (ASSIST; WHO ASSIST Working Group, 2010) was administered. In 

German (Schütz, Daamen & van Niekerk, 2005) and Dutch (Claessens & Defillet, 

2010), the official translations available online (www.who.int/substance_abuse/ 

activities) were used. The ASSIST is a screening instrument for all major categories of 

substance use. It assesses frequency of substance use and its negative 

consequences. For each substance, a risk factor (1 = low, 2 = medium, 3 = high) can 

be calculated.  
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8.6 Procedure 

Recruitment took place between March and September 2019 at the Hannover 

Medical School and between October 2019 and January 2020 at the University of 

Groningen. Before the participants came to the lab, they received an e-mail with 

study information and inclusion/exclusion criteria.  

In the lab, they received verbal and written information about the study and were 

once again asked about the inclusion/exclusion criteria. After that, the participants 

gave their written informed consent. Before the Affective Updating Task was carried 

out, the participants received verbal instructions about each condition and task. 

Each condition (affective/neutral) and task (0-back/1-back) was explained in more 

detail on the computer screen and started out with 15 practice trials plus feedback 

(right/wrong). The feedback was not shown during the experimental trials. At the 

end of the experiment, the participants were asked to rate each experimental 

picture according to their valence on a scale from 1 (very negative) to 5 (neutral) to 9 

(very positive) and their arousal (how intense the valence is perceived by the 

participant) on a scale from 1 (weak/relaxed) to 5 (neutral) to 9 (strong/aroused). 

After that, the participants filled out the questionnaires in the online survey in fixed 

order (Demographic questions, CERQ, WHO-ASSIST, GAD-7, PHQ-9; see Appendix 

12.1 for the items).  

Participants also filled out four (in Groningen six) other questionnaires that were not 

of relevance to the current analyses, however. All in all, the Affective Updating Task 

took about 60 minutes, and the survey about 30 minutes.  

 

8.7 Analyses 

The single trial reaction time data was combined with the survey results 

(preprocessed in SPSS 25) into a long data format for each participant. We used R (R 

Core Team, 2019) with lme4 (Bates, Mächler, Bolker, & Walker, 2015) and lmerTest 

(Kuznetsova, Brockhoff, & Christensen, 2017) to perform linear mixed-effects 

analysis to predict reaction time, and generalized linear mixed-effects analyses to 

predict accuracy (see Field & Wright, 2011 for a primer on the use of mixed-

effects/multilevel models in experimental psychology). For each participant, 
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condition (trial type) accuracy scores that were +/- 1.5 times larger than the inter-

quartile-range (IQR) of the overall total sample condition accuracy were excluded 

from the analyses (Tukey, 1977). With regard to response latency, within each 

participant and condition (trial type), reaction times exceeding +/- 3 SD (e.g., Miyake 

et al., 2000) were excluded.  

Condition (trial type), valence, and questionnaire data (rumination and positive 

reappraisal) were used as fixed effects (independent variables) in order to predict 

reaction time and accuracy (dependent variables). Since reaction times and 

accuracies were nested within participant and picture, i.e., they are not 

independent; participant and picture were included as random effects (random 

intercepts) in the model (see Baayen, Davidson, & Bates, 2008).  

In addition to this base model, the fixed effects were included in a next step. In order 

to predict reaction time (and accuracy) from valence, condition and CERQ, nested 

models were compared successively using likelihood ratio tests (Kuznetsov et al., 

2017) in order to test whether the reduction in residual sum of squares was 

statistically significant.  

The data were visualized using sjPlot (Lüdecke, 2019). Post-hoc tests (corrected for 

multiple comparisons) on means and model coefficients were done using emmeans 

(Lenth, 2019). Table 2 gives an overview of the variables used in the statistical 

analyses.  

 

Table 2 

Variables in the Statistical Analyses 

Condition  Valence  CERQ  
0-back 1-back  Affective Neutral  Rumination  
Same Match  Positive Male   Pos. Reappraisal 
 Perseverate  Negative Female     
Different Integrate       
 Break_to       

Note. Within each participant (random effect), condition (levels: Same, Match, Perseverate, 

Different, Integrate, Break_to) was repeated over valence (levels: Positive, Negative, Male, 

Female). Further, each participant answered the CERQ (continuous score). 
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9 Results 

9.1 Participant Characteristics  

The participant exclusion flow is shown in Figure 4. In total, 191 participants were 

recruited and 184 completed both the experiment and the survey. For the analyses 

in this study, participants who reported that they were currently in treatment 

(psychotherapy) for a mental disorder were excluded. Further, participants that 

were at high risk (experience problems from their substance use or likely to be 

dependent based on the WHO-ASSIST criteria (ASSIST; WHO ASSIST Working Group, 

2010)) were also excluded. In total, 170 participants were left for the final analyses. 

 

Figure 4 

Participant Exclusion Flowchart 
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The sociodemographic characteristics of the final sample and the comparison 

between the two sampling locations are summarized in Table 3. Given standardized 

effects sizes (Cohen, 1988; Lakens, 2013), the largest effect was in age. Participants 

in Groningen were around 20 years and participants in Hannover were around 40 

years old. Further differences (medium to large effect sizes) were due to a higher 

proportion of students and Dutch nationals in Groningen, as well as participants in 

Groningen who were reporting a higher tendency towards rumination. The 

proportion of participants that were at risk for major depressive disorder (PHQ9>10; 

Manea, Gilbody & McMillan (2012)) or generalized anxiety disorder (GAD>15; Spitzer 

et al., 2006) did not differ between the centers.  

 

Table 3 

Sociodemographic Characteristics 

  
Total (N=170) 

Hannover 

(N=79) 
Groningen (N=91) t/χ² p d/Phi 

Agea 29.22 (13.89) 39.94 (13.85) 19.92 (2.84) -11.92 <0.001 -2.07 

Gender 

(female/male) 

79% (134)/21% 

(36) 

77% (61)/23% 

(18) 

80% (73)/20% 

(18) 
0.08 0.772 0.02 

Nationality: German 57% (97) 95% (75) 22% (22) 83.55 <0.001 0.70 

Dutch 29% (50) 0% (0) 55% (50) 58.88 <0.001 0.58 

Other 14% (23) 5% (4) 23% (19) 6.76 0.009 0.20 

Higher Education 89% (152) 84% (66) 95% (86) 4.27 0.039 0.16 

Student 47% (81) 6% (5) 84 % (76) 97.93 <0.001 0.75 

Employee 46% (79) 85% (67) 13% (12) 84.35 <0.001 0.70 

GAD7 4.79 (3.88) 4.05 (3.11) 5.43 (4.37) 2.39 0.017 0.32 

GAD (>15) 3.5% (6) 1.3% (1) 5.5% (5) 1.15 0.283 0.08 

PHQ9  4.89 (4.26) 4.15 (3.78) 5.53 (4.56) 2.15 0.033 0.35 

PHQ9 (>10) 12% (20) 14% (13) 9% (7) 0.73 0.392 0.06 

Rumination 11.96 (3.70) 10.57 (3.63) 13.18 (3.33) 4.85 <0.001 0.75 

Positive Reappraisal 13.63 (3.56) 13.04 (3.89) 14.12 (3.26) 1.96 0.052 0.30 

Note. aThe median age in the total sample was 23, in Hannover 34, and in Groningen 19 years. The numbers in 

brackets show the standard deviation (numerical data) and the counts (proportions). Bold values indicate 

significant differences (p < 0.05). t/χ² = t-value/Chi-square, p = p-value, d/Phi = Cohen’s D/Phi.  
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9.2 Experimental Effects (Hypothesis 1)  

9.2.1 Descriptives Reaction Time and Accuracy  

Table 4 shows the descriptive values for the reaction times and accuracy in the 

experiment for the total sample. The values that are shown in the Table 4 are the 

means of the preprocessed data. Therefore, the values may differ slightly from their 

estimated marginal means that were modeled from the linear mixed-effects analyses 

that are displayed in Figures 5 and 6.   

 

Table 4 

Descriptives for Reaction Time and Accuracy in the Total Sample  

Condition (trial 

type) 

Valence 

(affective/ 

neutral) 

Mean 

Reaction 

Time 

(ms) 

SD 

(ms) 

Mean 

Accuracy  

(%) 

SD 

(%) 

 

Perseverate  

(1-back) 

Negative 1042 268 94.69 22.43 

Positive 875 195 99.38 7.82 

Male 894 239 98.39 12.61 

Female 896 238 98.09 13.68 
 

Match  

(1-back) 

Negative 1162 278 89.76 30.32 

Positive 1067 293 97.02 17.01 

Male 1043 290 93.55 24.56 

Female 1037 280 93.88 23.98 
 

Same  

(0-back) 

Negative 1045 264 95.65 20.4 

Positive 949 227 99.25 8.61 

Male 887 226 99.05 9.69 

Female 908 232 97.06 16.89 
 

Break_to 

(1-back) 

Negative 957 218 97.81 14.65 

Positive 1049 248 96.62 18.08 

Male 934 244 97.99 14.02 

Female 958 248 97.54 15.48 
 

Integrate  

(1-back) 

Negative 1191 299 92.50 26.34 

Positive 1212 271 89.59 30.54 

Male 1122 289 91.34 28.14 

Female 1133 287 89.98 30.03 
 

Different  

(0-back) 

Negative 1016 244 97.29 16.25 

Positive 981 231 99.05 9.72 

Male 881 209 100.0 0.0 

Female 927 243 97.02 17.0 

Note. SD = standard deviation, ms = milliseconds, % = percentage correct. 



	
41 

9.2.2 Experimental Reaction Time Model   

In order to predict reaction time from valence and condition, nested models were 

compared in succession (see Table 5 for the model building process). We started 

with an (random) intercept-only model (Model 1) and arrived at the final 

experimental model (Model 5) that included random intercepts for subject and 

picture, as well as the fixed effects valence, condition, and their interaction term. 

The diagnostic plots for Model 5 showed no deviations from linearity, no indication 

of heteroscedasticity, and normality of the residuals (see Appendix 12.3).  

 

Table 5 

Experimental Model Comparisons for Reaction Time 

Note. The nested models were compared using likelihood ratio tests to see whether the 

reduction in residual sum of squares was statistically significant. LogLik = Log. Likelihood,  

AIC = Akaike information criterion, R2 = explained variance, χ² = Chi-square, p = p-value. 

The model formulas were the following (in R code notation): 

Model 1: log(rt) ~ (1 | subject) 

Model 2: log(rt) ~ (1 | subject) + (1 | picture) 

Model 3: log(rt) ~ valence + (1 | subject) + (1 | picture) 

Model 4: log(rt) ~ valence + condition + (1 | subject) + (1 | picture) 

Model 5: log(rt) ~ valence * condition + (1 | subject) + (1 | picture) 

 

Given the significant contribution of valence, condition, and their two-way 

interaction to the model on reaction time (Model 5, Table 5), post-hoc comparisons 

were performed. The estimated reaction times between perseverate on positive (M 

= 862ms) were significantly faster as compared to perseverate on negative (M = 

1016ms), as well as male (M = 872ms), and female (M = 869ms). Positive, male and 

female did not differ from each other (see Table 6 for a summary of the contrasts 

  LogLik AIC R2 χ² p 

Model 1 3808.1 -7610.2 0.19 - - 

Model 2 6677.1 -13346.3 0.25 - - 

Model 3 6705.8 -13397.5 0.26 - - 

Model 4 12540.0 -25056.1 0.35 - - 

Model 5 13825.8 -27597.7 0.36 - - 

Model 1 vs. Model 2 - - - 5738.12 < 0.001 

Model 2 vs. Model 3 - - - 57.25 < 0.001 

Model 3 vs. Model 4 - - - 11668.56 < 0.001 

Model 4 vs. Model 5 - - - 2571.59 < 0.001 
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and test statistics). In the break_to condition, overall, participants broke from 

positive to negative (M = 937ms) significantly faster as compared to breaking from 

negative to positive (M = 1027ms) or breaking from male to female (M = 936ms) or 

female to male (M = 913ms). Reaction times in breaking from negative to positive, 

male to female, or female to male did not differ (see Table 6 for a summary of the 

contrast and respective test statistics).  

 

Table 6 

Contrasts between Valence given Condition (Reaction Time) 

Contrast   Condition 
Diff. 

(ms) 

SE 

(ms) 

Lower 

CL (ms) 

Upper 

CL (ms) 
z p d 

Negative - positive Perseverate 153 11 124 182 13.5 <0.001 0.799 

Negative - male Perseverate 144 14 109 179 10.6 <0.001 0.748 

Negative - female Perseverate 147 14 112 182 10.8 <0.001 0.764 

Positive - male Perseverate -9 13 -42 24 -0.7 0.894 -0.051 

Positive - female Perseverate -6 13 -39 27 -0.5 0.962 -0.035 

Male - female Perseverate 3 15 -35 41 0.2 0.998 0.016 

Negative - positive Break_to -89 12 -120 -59 -7.6 <0.001 -0.446 

Negative - male Break_to 25 14 -10 59 1.8 0.262 0.13 

Negative - female Break_to 1 14 -34 36 0.1 1 0.006 

Positive - male Break_to 114 14 78 150 8.2 <0.001 0.576 

Positive - female Break_to 91 14 54 127 6.4 <0.001 0.452 

Male - female Break_to -23 16 -64 17 -1.5 0.438 -0.124 

Note. Diff. (ms) = difference in mean reaction time in milliseconds (ms) for a particular contrast of 

valence given a particular condition. SE = Standard error and Lower/Upper CL = lower and upper 

bounds of confidence levels (95% confidence interval) of the difference, z = z-ratio, p = p-value, d = 

Cohen’s D.  
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9.2.3 Experimental Accuracy Model  

In order to predict accuracy (proportion correct) from valence and condition, the same 

model building steps and comparisons were applied for accuracy as they were for 

reaction time (see Table 7).  

 

Table 7 

Experimental Model Comparisons for Accuracy 

Note. The nested models were compared using likelihood ratio tests to see whether the 

reduction in residual sum of squares was statistically significant. LogLik = Log. Likelihood,  

AIC = Akaike information criterion, R2 = explained variance, χ² = Chi-square, p = p-value. 

The model formulas were the following (in R code notation): 

Model 1: correct ~ (1 | subject) 

Model 2: correct ~ (1 | subject) + (1 | picture) 

Model 3: correct ~ valence + (1 | subject) + (1 | picture) 

Model 4: correct ~ valence + condition + (1 | subject) + (1 | picture) 

Model 5: correct ~ valence * condition + (1 | subject) + (1 | picture) 

 

 

Given the significant contribution of valence, condition, and their interaction to the 

experimental model on accuracy (Model 5 in Table 7), post-hoc comparisons were 

performed. The estimated percentage correct in the perseverate positive condition 

(M = 99.5 %) compared to perseverate negative (M = 96.9 %) was significantly 

higher. Also, the percentage correct perseverate positive was higher compared to 

the male (M = 98.7%) and the female (M = 98.7%) condition. The accuracies between 

  LogLik AIC R2 χ² p 

Model 1 -15207 30417 0.09 - - 

Model 2 -14640 29287 0.15 - - 

Model 3 -14634 29280 0.15 - - 

Model 4 -13861 27744 0.24 - - 

Model 5 -13560 27172 0.35 - - 

Model 1 vs. Model 2 - - - 1132.46 <0.001 

Model 2 vs. Model 3 - - - 13.15   0.004 

Model 3 vs. Model 4 - - - 1546.03 <0.001 

Model 4 vs. Model 5 - - - 601.75 <0.001 
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perseverate on male vs. female did not differ significantly (see Table 8 for a summary 

of the contrast and respective test statistics).  

The accuracy in break_to positive (M = 97.1 %) compared to break_to negative (M = 

98.3 %), male (M = 98.3 %), and female (M = 98.4%) was significantly lower. There 

was no difference between accuracy in break_to negative as compared to male or 

female (see Table 8 for a summary of the contrast and respective test statistics). An 

interaction plot for all conditions and additional post-hoc tests between valences 

given every condition and between conditions given each valence can be found in 

Appendix 12.4. 

 

Table 8 

Contrasts between Valence given Condition (Accuracy) 

 

Contrast   Condition 
Diff. 

(%) 

SE 

(%) 

Lower 

CL (%) 

Upper 

CL (%) 
z p d 

Negative - positive Perseverate -3.5 0.5 -4.7 -2.4 -7.8 <0.001 -2.112 

Negative - male Perseverate -2.8 0.5 -4.1 -1.5 -5.7 <0.001 -1.213 

Negative - female Perseverate -2.8 0.5 -4.1 -1.5 -5.7 <0.001 -1.217 

Positive - male Perseverate 0.7 0.3 0 1.4 2.7 0.032 0.9 

Positive - female Perseverate 0.7 0.3 0.1 1.4 2.8 0.029 0.895 

Male - female Perseverate 0 0.3 -0.9 0.9 0 1 -0.005 

Negative - positive Break_to 1.2 0.4 0.2 2.2 3.2 0.009 0.565 

Negative - male Break_to 0 0.4 -1 0.9 0 1 -0.003 

Negative - female Break_to 0 0.4 -0.9 0.9 0 1 -0.009 

Positive - male Break_to -1.2 0.4 -2.4 -0.1 -2.8 0.029 -0.567 

Positive - female Break_to -1.2 0.4 -2.4 -0.1 -2.8 0.023 -0.574 

Male - female Break_to 0 0.4 -1.1 1.1 0 1 -0.007 

Note. Diff. (%) = difference in mean percentage correct for a particular contrast given a particular 

condition. SE = Standard error and Lower/Upper CL = lower and upper bounds of confidence levels 

(95% confidence interval) of the contrast, z = z-ratio, p = p-value, d = Cohen’s D.  

 

 

 

 

 

 

 





	
47 

9.3 Rumination Effects (Hypothesis 2) 

In order to test whether Rumination contributed to the experimental reaction time 

model it was included as a single and as an interaction term. Since the participant 

characteristic of the two sampling locations differed substantially (See Table 3 in 

Section 9.1), we decided to run additional analyses controlling for Location (see 

Table 9). In the end, both the three-way interaction (Model 7) and the four-way 

interaction (Model 9) were significant. Therefore, the post-hoc analyses were first 

carried out given the total sample (Model 7) and secondly, controlling by the factor 

Location (levels Groningen/Hannover: Model 9).  

Since the factor Rumination did not add significantly to the experimental accuracy 

model, post-hoc analyses were not carried out (but see Appendix 12.5 for the 

Accuracy Model Comparisons). The diagnostic plots for Model 7 and 9 showed no 

deviations from linearity, no indication of heteroscedasticity, and normality of the 

residuals (see Appendix 12.6). 

 

Table 9 

Reaction Time Model Comparisons + Rumination  

Note. The nested models were compared using likelihood ratio tests to see whether the 

reduction in residual sum of squares was statistically significant. LogLik = Log. Likelihood,  

AIC = Akaike information criterion, R2 = explained variance, χ² = Chi-square, p = p-value. 

The model formulas were the following (in R code notation): 

Model 5: log(rt) ~ valence * condition + (1 | subject) + (1 | picture) 

Model 6: log(rt) ~ valence * condition + Rumination + (1 | subject) + (1 | picture) 

Model 7: log(rt) ~ valence * condition * Rumination + (1 | subject) + (1 | picture) 

Model 8: log(rt) ~ valence * condition * Rumination + Location + (1 | subject) + (1 | picture) 

Model 9: log(rt) ~ valence * condition * Rumination * Location + (1 | subject) + (1 | picture) 

  LogLik AIC R2 χ² p 

Model 5 13826 -27597 0.368 - - 

Model 6 13826 -27596 0.368 - - 

Model 7 13862 -27621 0.369 - - 

Model 8 13862 -27619 0.369 - - 

Model 9 13969 -27741 0.371 - - 

Model 5 vs. Model 6 - - - 0.06 0.804 

Model 6 vs. Model 7 - - - 71.62 <0.001 

Model 7 vs. Model 8 - - - 0.07 0.783 

Model 8 vs. Model 9 - - - 215.40 <0.001 
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break_to negative was significantly different from zero (one-sided significance test), 

but not the slopes for break_to positive. In the neutral control task, the contrasts 

between break_to male versus break_to female (neutral control task) were also 

significant. Additionally, break_to negative was significantly different from break_to 

female. However, neither the slopes for break_to male nor break_to female were 

significantly different from zero.  

In the integrate condition (where no preceding set needed to be broken) and in the 

different condition (0-back) no further simple slope or slope contrast effects were 

significant. The slope contrasts between the conditions (perseverate, match, and 

same) given a particular level of valence did not differ (see Appendix 12.6). 

 

Table 10 

Rumination Model Simple Slopes and Contrasts (Total Sample) 

Condition 
Valence/ 

Contrast 

Simple 

Slope/ 

Diff. (ms)  

SE 

(ms) 

Lower 

CL 

(ms) 

Upper 

CL 

(ms) 

z p d 

Break_to Negative -3.9 2.3 -8.5 0.7 -1.7 0.096 -0.019 
 Positive -1 2.6 -6 4.1 -0.4 0.706 -0.005 
 Male -1.8 2.4 -6.5 2.9 -0.8 0.443 -0.009 
 Female 2 2.5 -2.8 6.8 0.8 0.416 0.01 

Break_to 
Negative - 

positive 
-2.9 1.1 -5.8 0 -2.6 0.045 -0.014 

 Male - 

female 
-3.8 1.5 -7.6 -0.1 -2.6 0.044 -0.019 

 
Negative - 

male 
-2.1 1.3 -5.3 1.2 -1.6 0.358 -0.01 

 
Negative - 

female 
-5.9 1.3 -9.2 -2.6 -4.6 <0.001 -0.029 

 
Positive - 

male 
0.9 1.3 -2.6 4.3 0.6 0.916 0.004 

 
Positive - 

female 
-3 1.4 -6.4 0.5 -2.2 0.123 -0.015 

Integrate Negative -2.8 2.9 -8.6 2.9 -1 0.331 -0.014 

 Positive -2.8 3 -8.7 3 -1 0.341 -0.014 

 Male 0.7 2.9 -5 6.3 0.2 0.818 0.003 

 Female 0.5 2.9 -5.3 6.2 0.2 0.875 0.002 

Integrate 
Negative - 

positive 
0 1.4 -3.5 3.5 0 1 0 

 
Male - 

female 
0.2 1.8 -4.5 4.9 0.1 1 0.001 

 
Negative - 

male 
-3.5 1.6 -7.6 0.6 -2.2 0.122 -0.017 

 Negative - -3.3 1.6 -7.5 0.9 -2 0.175 -0.016 
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female 

 
Positive - 

male 
-3.5 1.6 -7.7 0.6 -2.2 0.131 -0.017 

 
Positive - 

female 
-3.3 1.6 -7.5 0.9 -2 0.185 -0.016 

Different Negative -1.3 2.5 -6.2 3.6 -0.5 0.6 -0.006 

 Positive 1.2 2.4 -3.5 6 0.5 0.612 0.006 

 Male -0.9 2.3 -5.4 3.7 -0.4 0.709 -0.004 

 Female 0.6 2.4 -4.1 5.3 0.3 0.801 0.003 

Different 
Negative - 

positive 
-2.5 1.1 -5.4 0.3 -2.3 0.106 -0.012 

 
Male - 

female 
-1.5 1.5 -5.3 2.4 -1 0.759 -0.007 

 
Negative - 

male 
-0.4 1.4 -3.9 3 -0.3 0.988 -0.002 

 
Negative - 

female 
-1.9 1.3 -5.3 1.5 -1.5 0.466 -0.009 

 
Positive - 

male 
2.1 1.4 -1.4 5.6 1.5 0.411 0.01 

 
Positive - 

female 
0.6 1.3 -2.7 4 0.5 0.963 0.003 

Perseverate Negative -2 2.5 -7 3 -0.8 0.438 -0.01 

 Positive 0.7 2.2 -3.6 4.9 0.3 0.759 0.003 

 Male 2.3 2.3 -2.1 6.8 1 0.305 0.011 

 Female 1.4 2.3 -3 5.9 0.6 0.527 0.007 

Perseverate 
Negative - 

positive 
-2.6 1.1 -5.5 0.3 -2.3 0.091 -0.013 

 
Male - 

female 
0.9 1.4 -2.7 4.5 0.6 0.918 0.004 

 
Negative - 

male 
-4.3 1.3 -7.7 -0.9 -3.3 0.006 -0.021 

 
Negative - 

female 
-3.4 1.3 -6.8 0 -2.6 0.051 -0.017 

 
Positive - 

male 
-1.7 1.2 -4.8 1.4 -1.4 0.498 -0.008 

 
Positive - 

female 
-0.8 1.2 -3.9 2.3 -0.6 0.917 -0.004 

Match Negative -1.5 2.9 -7.1 4 -0.5 0.589 -0.008 

 Positive -1.4 2.6 -6.4 3.7 -0.5 0.611 -0.007 

 Male -0.1 2.7 -5.3 5.1 0 0.981 0 

 Female -0.9 2.6 -6.1 4.3 -0.3 0.732 -0.004 

Match 
Negative - 

positive 
-0.2 1.3 -3.5 3.1 -0.1 0.999 -0.001 

 
Male - 

female 
0.8 1.6 -3.3 4.9 0.5 0.952 0.004 

 
Negative - 

male 
-1.5 1.5 -5.3 2.4 -1 0.758 -0.007 

 
Negative - 

female 
-0.6 1.5 -4.5 3.2 -0.4 0.975 -0.003 

 
Positive - 

male 
-1.3 1.4 -4.9 2.3 -0.9 0.793 -0.006 
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Positive - 

female 
-0.5 1.4 -4.1 3.2 -0.3 0.988 -0.002 

Same Negative 0.9 2.6 -4.1 5.9 0.4 0.722 0.004 

 Positive -0.4 2.3 -5 4.2 -0.2 0.861 -0.002 

 Male 0.4 2.3 -4 4.9 0.2 0.845 0.002 

 Female 0.2 2.3 -4.3 4.8 0.1 0.925 0.001 

Same 
Negative - 

positive 
1.3 1.1 -1.6 4.2 1.2 0.638 0.006 

 
Male - 

female 
0.2 1.4 -3.3 3.7 0.2 0.998 0.001 

 
Negative - 

male 
0.5 1.3 -2.9 3.8 0.4 0.984 0.002 

 
Negative - 

female 
0.7 1.3 -2.7 4.1 0.5 0.953 0.003 

 
Positive - 

male 
-0.9 1.2 -3.9 2.2 -0.7 0.894 -0.004 

 
Positive - 

female 
-0.6 1.2 -3.8 2.5 -0.5 0.956 -0.003 

Note. For each Condition, the first four rows show the simple slope estimate for a particular level of 

valence with increasing Rumination. That is, the reaction time change in milliseconds (ms) as the 

Rumination score increases by one. The test statistic tests whether the slope is significantly different 

from zero. The other rows for that particular condition contrast the slopes given two levels of valence. 

SE = Standard error and Lower/Upper CL = lower and upper bounds of confidence levels (95% 

confidence interval) of the test, z = z-ratio, p = p-value, bold p-values indicate significant effects at 

alpha < 0.1, d = Cohen’s D. 
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The slope estimates and the contrasts between the slopes in the Groningen sub-

sample are summarized in Table 11. In the Groningen sub-sample, there were 

neither simple slope effects in the break_to, nor in the integrate or different 

condition. Within the break_to condition, the contrasts between male vs. female 

slopes, the negative compared to female slopes, and the positive compared to 

female slopes were significantly different, however.  

Apparently, with increasing Rumination score, participants tended to break from 

male to female more slowly. However, the simple slope did not reach significance. In 

the integrate condition, there was a significant difference between positive and 

negative slopes. Apparently, with increasing Rumination score, participants tended 

to integrate positive faster and negative more slowly. However, the simple slopes 

did not reach significance, respectively. In the different condition, there was a 

significant difference between positive and negative slopes. Apparently, with 

increasing Rumination score, participants tended to integrate negative faster. 

However, the simple slope did not reach significance. The slope contrasts between 

the conditions given a particular level of valence can be found in Appendix 12.6. 

 

Table 11 

Rumination Model Simple Slopes and Contrasts (Groningen) 

Condition 
Valence/ 

Contrast 

Simple 

Slope/ 

Diff. (ms)  

SE 

(ms) 

Lower 

CL 

(ms) 

Upper 

CL 

(ms) 

z p d 

Break_to Negative -1.8 3.6 -8.8 5.2 -0.5 0.607 -0.009 
 Positive -1.5 4 -9.3 6.2 -0.4 0.699 -0.008 
 Male -1.4 3.7 -8.6 5.7 -0.4 0.693 -0.007 
 Female 4.5 3.7 -2.8 11.9 1.2 0.225 0.022 

Break_to 
Negative - 

positive 
-0.3 1.7 -4.8 4.2 -0.2 0.998 -0.001 

 Male - 

female 
-6 2.3 -11.8 -0.2 -2.6 0.04 -0.029 

 
Negative - 

male 
-0.4 1.9 -5.3 4.6 -0.2 0.997 -0.002 

 
Negative - 

female 
-6.4 2 -11.5 -1.2 -3.2 0.008 -0.031 

 
Positive - 

male 
-0.1 2 -5.3 5.1 0 1 0 

 Positive - -6.1 2.1 -11.5 -0.7 -2.9 0.021 -0.03 
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female 

Integrate Negative 2.9 4.4 -5.7 11.4 0.7 0.512 0.014 

 Positive -2.8 4.6 -11.8 6.2 -0.6 0.541 -0.014 

 Male 1.7 4.3 -6.8 10.2 0.4 0.697 0.008 

 Female 0.6 4.5 -8.2 9.5 0.1 0.886 0.003 

Integrate 
Negative - 

positive 
5.7 2.1 0.3 11.1 2.7 0.034 0.028 

 
Male - 

female 
1 2.8 -6.1 8.2 0.4 0.982 0.005 

 
Negative - 

male 
1.2 2.4 -4.9 7.3 0.5 0.959 0.006 

 
Negative - 

female 
2.2 2.5 -4.1 8.6 0.9 0.807 0.011 

 
Positive - 

male 
-4.5 2.5 -10.8 1.8 -1.8 0.259 -0.022 

 
Positive - 

female 
-3.5 2.6 -10.1 3.1 -1.4 0.528 -0.017 

Different Negative -4.7 3.8 -12.2 2.9 -1.2 0.224 -0.023 

 Positive 0.6 3.8 -6.8 7.9 0.1 0.883 0.003 

 Male -0.5 3.5 -7.4 6.3 -0.2 0.876 -0.003 

 Female 1.4 3.6 -5.7 8.5 0.4 0.703 0.007 

Different 
Negative - 

positive 
-5.2 1.8 -9.7 -0.7 -3 0.016 -0.026 

 
Male - 

female 
-1.9 2.3 -7.7 3.9 -0.9 0.828 -0.009 

 
Negative - 

male 
-4.1 2.1 -9.5 1.3 -2 0.2 -0.02 

 
Negative - 

female 
-6 2 -11.2 -0.9 -3 0.014 -0.03 

 
Positive - 

male 
1.1 2.1 -4.3 6.5 0.5 0.953 0.005 

 
Positive - 

female 
-0.8 2 -6 4.4 -0.4 0.977 -0.004 

Perseverate Negative -3.4 3.9 -11.1 4.3 -0.9 0.384 -0.017 

 Positive 0.9 3.3 -5.5 7.3 0.3 0.783 0.004 

 Male 0.1 3.5 -6.8 6.9 0 0.987 0 

 Female -1.7 3.5 -8.7 5.2 -0.5 0.624 -0.009 

Perseverate 
Negative - 

positive 
-4.3 1.7 -8.7 0.1 -2.5 0.06 -0.021 

 
Male - 

female 
1.8 2.2 -3.8 7.4 0.8 0.841 0.009 

 
Negative - 

male 
-3.5 2 -8.7 1.8 -1.7 0.328 -0.017 

 
Negative - 

female 
-1.7 2 -6.9 3.6 -0.8 0.846 -0.008 

 
Positive - 

male 
0.8 1.8 -3.9 5.6 0.5 0.968 0.004 

 
Positive - 

female 
2.6 1.9 -2.1 7.4 1.4 0.483 0.013 

Match Negative -4.3 4.4 -12.8 4.3 -1 0.329 -0.021 

 Positive -0.7 3.9 -8.3 7 -0.2 0.862 -0.003 
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 Male -2.1 4 -10.1 5.8 -0.5 0.598 -0.01 

 Female -2.8 4.1 -10.8 5.1 -0.7 0.485 -0.014 

Match 
Negative - 

positive 
-3.6 2 -8.6 1.4 -1.8 0.257 -0.018 

 
Male - 

female 
0.7 2.4 -5.5 6.9 0.3 0.992 0.003 

 
Negative - 

male 
-2.1 2.3 -8 3.8 -0.9 0.789 -0.01 

 
Negative - 

female 
-1.4 2.3 -7.3 4.4 -0.6 0.924 -0.007 

 
Positive - 

male 
1.4 2.1 -4 6.9 0.7 0.903 0.007 

 
Positive - 

female 
2.2 2.1 -3.3 7.6 1 0.741 0.011 

Same Negative -1.4 3.9 -9.1 6.2 -0.4 0.713 -0.007 

 Positive -6 3.7 -13.1 1.2 -1.6 0.104 -0.029 

 Male -1.8 3.5 -8.6 5 -0.5 0.604 -0.009 

 Female -0.5 3.5 -7.4 6.5 -0.1 0.891 -0.002 

Same 
Negative - 

positive 
4.5 1.7 0.1 9 2.6 0.046 0.022 

 
Male - 

female 
-1.3 2.1 -6.7 4.1 -0.6 0.925 -0.006 

 
Negative - 

male 
0.4 2 -4.8 5.5 0.2 0.998 0.002 

 
Negative - 

female 
-1 2 -6.2 4.3 -0.5 0.966 -0.005 

 
Positive - 

male 
-4.2 1.9 -9 0.7 -2.2 0.121 -0.02 

 
Positive - 

female 
-5.5 1.9 -10.4 -0.5 -2.8 0.024 -0.027 

Note. For each Condition, the first four rows show the simple slope estimate for a particular level of 

valence with increasing Rumination. That is, the reaction time change in milliseconds (ms) as the 

Rumination score increases by one. The test statistic tests whether the slope is significantly different 

from zero. The other rows for that particular condition contrast the slopes given two levels of valence. 

SE = Standard error and Lower/Upper CL = lower and upper bounds of confidence levels (95% 

confidence interval) of the test, z = z-ratio, p = p-value, bold p-values indicate significant effects at 

alpha < 0.1, d = Cohen’s D. 

 

The slope estimates and the contrasts between the slopes for the Hannover sub-

sample are summarized in Table 12. In the Hannover sub-sample, there were neither 

simple slope effects in the break_to, nor in the integrate or different condition. In 

the break_to condition, the contrasts between negative vs. female slopes were 

significantly different. Apparently, with increasing Rumination score, participants 

tended to break from positive to negative faster as compared to the neutral control 
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(breaking from male to female). However, the simple slopes did not reach 

significance. In the integrate condition, there was a significant difference between 

negative and male, as well as positive and male slopes. Apparently, with increasing 

Rumination score, participants tended to integrate positive and negative faster. 

However, the simple slopes did not reach significance, respectively. There were no 

effects in the different condition. The slope contrasts between the conditions given a 

particular level of valence can be found in Appendix 12.6. 

 

Table 12 

Rumination Model Simple Slopes and Contrasts (Hannover) 

Condition 
Valence/ 

Contrast 

Simple 

Slope/ 

Diff. (ms)  

SE 

(ms) 

Lower 

CL 

(ms) 

Upper 

CL 

(ms) 

z p d 

Break_to Negative -5.6 3.5 -12.4 1.3 -1.6 0.112 -0.027 
 Positive -3.3 3.8 -10.7 4.1 -0.9 0.387 -0.016 
 Male -3 3.5 -10 3.9 -0.9 0.395 -0.015 
 Female -0.6 3.6 -7.8 6.5 -0.2 0.863 -0.003 

Break_to 
Negative - 

positive 
-2.3 1.7 -6.6 2 -1.4 0.525 -0.011 

 Male - 

female 
-2.4 2.1 -7.9 3.1 -1.1 0.679 -0.012 

 
Negative - 

male 
-2.5 1.9 -7.3 2.3 -1.4 0.528 -0.012 

 
Negative - 

female 
-4.9 1.9 -9.8 0 -2.6 0.047 -0.024 

 
Positive - 

male 
-0.3 2 -5.3 4.8 -0.1 0.999 -0.001 

 
Positive - 

female 
-2.6 2 -7.7 2.4 -1.3 0.538 -0.013 

Integrate Negative -6.1 4.4 -14.7 2.6 -1.4 0.167 -0.03 

 Positive -5.2 4.4 -13.8 3.5 -1.2 0.241 -0.025 

 Male 1.7 4.4 -6.9 10.3 0.4 0.699 0.008 

 Female -2.2 4.3 -10.6 6.3 -0.5 0.617 -0.011 

Integrate 
Negative - 

positive 
-0.9 2.1 -6.2 4.4 -0.5 0.969 -0.005 

 
Male - 

female 
3.9 2.7 -3.1 10.8 1.4 0.481 0.019 

 
Negative - 

male 
-7.8 2.4 -14 -1.6 -3.2 0.007 -0.038 

 
Negative - 

female 
-3.9 2.4 -10.1 2.3 -1.6 0.362 -0.019 

 
Positive - 

male 
-6.9 2.4 -13.1 -0.7 -2.8 0.024 -0.034 

 Positive - -3 2.4 -9.2 3.2 -1.2 0.595 -0.015 
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female 

Different Negative 1 3.7 -6.3 8.4 0.3 0.78 0.005 

 Positive 0.1 3.6 -6.9 7.2 0 0.97 0.001 

 Male -1.2 3.4 -8 5.5 -0.4 0.717 -0.006 

 Female -0.5 3.6 -7.5 6.5 -0.1 0.882 -0.003 

Different 
Negative - 

positive 
0.9 1.6 -3.3 5.1 0.6 0.944 0.004 

 
Male - 

female 
-0.7 2.2 -6.4 5 -0.3 0.988 -0.003 

 
Negative - 

male 
2.3 2 -2.8 7.4 1.1 0.659 0.011 

 
Negative - 

female 
1.6 2 -3.5 6.7 0.8 0.859 0.008 

 
Positive - 

male 
1.4 1.9 -3.6 6.4 0.7 0.894 0.007 

 
Positive - 

female 
0.7 2 -4.4 5.7 0.3 0.987 0.003 

Perseverate Negative -1.9 3.8 -9.3 5.6 -0.5 0.623 -0.009 

 Positive 0 3.2 -6.4 6.3 0 0.995 0 

 Male 4.9 3.5 -1.9 11.7 1.4 0.157 0.024 

 Female 2.5 3.4 -4.2 9.1 0.7 0.468 0.012 

Perseverate 
Negative - 

positive 
-1.8 1.7 -6.2 2.5 -1.1 0.7 -0.009 

 
Male - 

female 
2.4 2.1 -2.8 7.7 1.2 0.634 0.012 

 
Negative - 

male 
-6.8 2 -11.8 -1.7 -3.5 0.003 -0.033 

 
Negative - 

female 
-4.3 2 -9.4 0.7 -2.2 0.121 -0.021 

 
Positive - 

male 
-4.9 1.8 -9.6 -0.3 -2.7 0.032 -0.024 

 
Positive - 

female 
-2.5 1.8 -7.1 2.1 -1.4 0.507 -0.012 

Match Negative 1.7 4.3 -6.8 10.2 0.4 0.691 0.008 

 Positive 0.5 4 -7.3 8.3 0.1 0.896 0.003 

 Male 2.6 4 -5.3 10.5 0.7 0.512 0.013 

 Female 0.5 4 -7.3 8.3 0.1 0.892 0.003 

Match 
Negative - 

positive 
1.2 2 -3.8 6.2 0.6 0.928 0.006 

 
Male - 

female 
2.1 2.4 -4.1 8.3 0.9 0.821 0.01 

 
Negative - 

male 
-0.9 2.3 -6.8 4.9 -0.4 0.978 -0.005 

 
Negative - 

female 
1.2 2.3 -4.7 7 0.5 0.954 0.006 

 
Positive - 

male 
-2.1 2.2 -7.7 3.4 -1 0.761 -0.01 

 
Positive - 

female 
0 2.1 -5.5 5.5 0 1 0 

Same Negative 3.1 3.9 -4.5 10.6 0.8 0.43 0.015 

 Positive 1.9 3.5 -4.9 8.7 0.6 0.58 0.009 
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 Male 2.4 3.4 -4.3 9.1 0.7 0.478 0.012 

 Female 0.8 3.5 -6 7.6 0.2 0.812 0.004 

Same 
Negative - 

positive 
1.1 1.6 -3.1 5.4 0.7 0.901 0.006 

 
Male - 

female 
1.6 2 -3.6 6.8 0.8 0.86 0.008 

 
Negative - 

male 
0.6 1.9 -4.4 5.6 0.3 0.988 0.003 

 
Negative - 

female 
2.2 2 -2.8 7.2 1.1 0.664 0.011 

 
Positive - 

male 
-0.5 1.8 -5.1 4.1 -0.3 0.992 -0.002 

 
Positive - 

female 
1.1 1.8 -3.5 5.7 0.6 0.93 0.005 

Note. For each Condition, the first four rows show the simple slope estimate for a particular level of 

valence with increasing Rumination. That is, the reaction time change in milliseconds (ms) as the 

Rumination score increases by one. The test statistic tests whether the slope is significantly different 

from zero. The other rows for that particular condition contrast the slopes given two levels of valence. 

SE = Standard error and Lower/Upper CL = lower and upper bounds of confidence levels (95% 

confidence interval) of the test, z = z-ratio, p = p-value, bold p-values indicate significant effects at 

alpha < 0.1, d = Cohen’s D. 
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increasing Rumination score, participants tended to perseverate faster on negative 

as compared to positive sets. However, the simple slopes did not reach significance, 

respectively. There were no effects in the match condition. In the same condition, 

there was a significant difference between positive and negative and positive and 

female slopes. Apparently, with increasing Rumination score, participants tended to 

give the same response faster to positive pictures as compared to negative or female 

pictures. However, the simple slopes did not reach significance, respectively. The 

slope contrasts between the conditions given a particular level of valence can be 

found in Appendix 12.6. 

The slope estimates and the contrasts between the slopes for the Hannover sub-

sample are summarized in (Table 12). In the Hannover sub-sample, there were no 

simple slope effects in the perseverate, in the match, or in the same condition. 

Within the perseverate condition, the contrasts between negative vs. male and 

positive vs. male were significant. Apparently, with increasing Rumination score, 

participants tended to perseverate slower on male pictures. However, the simple 

slope did not reach significance. There were no effects in the match or same 

condition. The slope contrasts between the conditions given a particular level of 

valence can be found in Appendix 12.6. 
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9.4 Reappraisal Effects (Hypothesis 3) 

In order to test whether including Positive Reappraisal contributed to the 

experimental reaction time model it was added as a single and as an interaction 

term. Since the two samples differed substantially (See Table 3), we decided to run 

additional analyses controlling for Location. Therefore, the factor Location with 

levels Groningen and Hannover was also added to the model (see Table 13). Finally, 

both the three-way interaction (Model 7) and the four-way interaction (Model 9) 

were significant. Therefore, the post-hoc analyses were first carried out given the 

total sample without the factor Location (Model 7) and secondly controlled by the 

factor Location (Model 9). Since the factor Positive Reappraisal did not add 

significantly to the experimental accuracy model, post-hoc analyses were not carried 

out (See Appendix 12.5 for the Accuracy Model Comparisons). The diagnostic plots 

for Model 7 and 9 showed no deviations from linearity, no indication of 

heteroscedasticity, and normality of the residuals (see Appendix 12.7). 

 

Table 13 

Reaction Time Model Comparisons + Positive Reappraisal 

Note. The nested models were compared using likelihood ratio tests to see whether the 

reduction in residual sum of squares was statistically significant. LogLik = Log. Likelihood,  

AIC = Akaike information criterion, R2 = explained variance, χ² = Chi-square, p = p-value. 

The model formulas were the following (in R code notation): 

Model 5: log(rt) ~ valence * condition + (1 | subject) + (1 | picture) 

Model 6: log(rt) ~ valence * condition + Reappraisal + (1 | subject) + (1 | picture) 

Model 7: log(rt) ~ valence * condition * Reappraisal + (1 | subject) + (1 | picture) 

Model 8: log(rt) ~ valence * condition * Reappraisal + Location + (1 | subject) + (1 | picture) 

Model 9: log(rt) ~ valence * condition * Reappraisal * Location + (1 | subject) + (1 | picture) 

  LogLik AIC R2 χ² p 
Model 5 13826 -27597 0.368 - - 

Model 6 13826 -27596 0.368 - - 

Model 7 13871 -27641 0.369 - - 

Model 8 13871 -27639 0.369 - - 

Model 9 13978 -27759 0.371 - - 

Model 5 vs. Model 6 - - - 0.86 0.353 

Model 6 vs. Model 7 - - - 91.07 <0.001 

Model 7 vs. Model 8 - - - 0.09 0.761 

Model 8 vs. Model 9 - - - 213.34 <0.001 
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The slope estimates and the contrasts between the slopes for the Reappraisal model 

are summarized in Table 14.  

There were no simple slope effects in the break_to positive or break_to negative 

condition. However, the simple slope in the break to male condition was significantly 

different from zero, and the simple slope in the break_to female condition was 

marginally significantly different from zero (at alpha = 0.01). That is, with increasing 

Reappraisal score, the participants were faster at breaking a set in the neutral task 

(break male to female). Further, there was a significant difference in positive 

compared to male simple slopes that was qualified by faster reaction times in the 

break_to male condition.  

Within the integrate condition, the simple slope in male was significantly different 

from zero, and the simple slope in integrate female was marginally (at alpha = 0.01) 

significantly different from zero. That is, with increasing Reappraisal score, the 

participants were faster at integrating neutral stimuli when there was no previous 

set. No contrasts between the slopes were significant.  

In the different condition, the contrast between positive and female was significant, 

which was qualified by the female slope being marginally different from zero (at 

alpha = 0.01). Apparently, with increasing reappraisal score, the participants were 

faster at indicating that the picture (female) was different from the reference (male). 

The slope contrasts between the conditions given a particular level of valence can be 

found in Appendix 12.7.  

  

Table 14 

Positive Reappraisal Model Simple Slopes and Contrasts (Total Sample) 

Condition 
Valence/ 

Contrast 

Simple 

Slope/ 

Diff. (ms)  

SE 

(ms) 

Lower 

CL 

(ms) 

Upper 

CL 

(ms) 

z p d 

Break_to Negative -3.1 2.4 -7.9 1.6 -1.3 0.196 -0.015 
 Positive -1.6 2.6 -6.8 3.6 -0.6 0.536 -0.008 
 Male -5.4 2.5 -10.2 -0.5 -2.2 0.03 -0.026 
 Female -4.3 2.5 -9.3 0.7 -1.7 0.09 -0.021 

Break_to 
Negative - 

positive 
-1.5 1.2 -4.5 1.5 -1.3 0.569 -0.007 

 Male - 

female 
-1.1 1.5 -5 2.9 -0.7 0.901 -0.005 

 Negative - 2.2 1.3 -1.1 5.6 1.7 0.318 0.011 
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male 

 
Negative - 

female 
1.2 1.3 -2.2 4.6 0.9 0.811 0.006 

 
Positive - 

male 
3.7 1.4 0.2 7.3 2.7 0.036 0.018 

 
Positive - 

female 
2.7 1.4 -0.9 6.3 1.9 0.224 0.013 

Integrate Negative -2.8 3 -8.7 3.1 -0.9 0.354 -0.014 

 Positive -3.5 3.1 -9.5 2.5 -1.1 0.253 -0.017 

 Male -6.5 3 -12.4 -0.7 -2.2 0.028 -0.032 

 Female -5.5 3 -11.4 0.4 -1.8 0.07 -0.027 

Integrate 
Negative - 

positive 
2 1.7 -2.4 6.3 1.2 0.652 0.01 

 
Male - 

female 
-1.1 1.9 -5.9 3.8 -0.6 0.944 -0.005 

 
Negative - 

male 
3.7 1.7 -0.5 8 2.3 0.11 0.018 

 
Negative - 

female 
2.7 1.7 -1.6 7 1.6 0.381 0.013 

 
Positive - 

male 
3 1.7 -1.3 7.3 1.8 0.272 0.015 

 
Positive - 

female 
2 1.7 -2.4 6.3 1.2 0.652 0.01 

Different Negative -2 2.6 -7.1 3 -0.8 0.428 -0.01 

 Positive 0.2 2.5 -4.7 5.1 0.1 0.942 0.001 

 Male -2.3 2.4 -7 2.3 -1 0.326 -0.011 

 Female -4.1 2.4 -8.9 0.7 -1.7 0.093 -0.02 

Different 
Negative - 

positive 
-2.2 1.1 -5.2 0.7 -1.9 0.216 -0.011 

 
Male - 

female 
1.8 1.5 -2.1 5.6 1.2 0.635 0.009 

 
Negative - 

male 
0.3 1.4 -3.3 3.9 0.2 0.997 0.001 

 
Negative - 

female 
2.1 1.3 -1.4 5.5 1.6 0.406 0.01 

 
Positive - 

male 
2.5 1.4 -1 6 1.8 0.264 0.012 

 
Positive - 

female 
4.3 1.3 0.9 7.7 3.2 0.007 0.021 

Note. For each Condition, the first four rows show the simple slope estimate for a particular level of 

valence with increasing Positive Reappraisal. That is, the reaction time change in milliseconds (ms) as 

the Positive Reappraisal score increases by one. The test statistic tests whether the slope is 

significantly different from zero. The other rows for that particular condition contrast the slopes given 

two levels of valence. SE = Standard error and Lower/Upper CL = lower and upper bounds of 

confidence levels (95% confidence interval) of the test, z = z-ratio, p = p-value, bold p-values indicate 

significant effects at alpha < 0.1, d = Cohen’s D. 
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(break_to, integrate, different). The slope contrasts between the conditions given a 

particular level of valence can be found in Appendix 12.7.  

 

Table 15 

Positive Reappraisal Model Simple Slopes and Contrasts (Groningen) 

Condition 
Valence/ 

Contrast 

Simple 

Slope/ 

Diff. (ms)  

SE 

(ms) 

Lower 

CL 

(ms) 

Upper 

CL 

(ms) 

z p d 

Break_to Negative 0.4 3.6 -6.7 7.5 0.1 0.917 0.002 
 Positive 0.5 4 -7.4 8.4 0.1 0.907 0.002 
 Male -1.1 3.7 -8.4 6.1 -0.3 0.757 -0.006 
 Female 3.1 3.9 -4.5 10.7 0.8 0.421 0.015 

Break_to 
Negative - 

positive 
-0.1 1.7 -4.6 4.4 -0.1 1 0 

 Male - 

female 
-4.2 2.3 -10.2 1.7 -1.8 0.256 -0.021 

 
Negative - 

male 
1.5 1.9 -3.4 6.5 0.8 0.859 0.007 

 
Negative - 

female 
-2.7 2 -8 2.5 -1.3 0.541 -0.013 

 
Positive - 

male 
1.6 2.1 -3.7 6.9 0.8 0.861 0.008 

 
Positive - 

female 
-2.6 2.2 -8.2 2.9 -1.2 0.615 -0.013 

Integrate Negative 3.5 4.5 -5.2 12.3 0.8 0.429 0.017 

 Positive -0.7 4.7 -9.9 8.4 -0.2 0.874 -0.004 

 Male 2.2 4.4 -6.5 10.8 0.5 0.624 0.011 

 Female 0.2 4.6 -8.8 9.2 0 0.963 0.001 

Integrate 
Negative - 

positive 
4.3 2.1 -1.1 9.7 2 0.176 0.021 

 
Male - 

female 
2 2.8 -5.2 9.1 0.7 0.897 0.01 

 
Negative - 

male 
1.4 2.4 -4.8 7.5 0.6 0.94 0.007 

 
Negative - 

female 
3.3 2.5 -3.1 9.7 1.3 0.544 0.016 

 
Positive - 

male 
-2.9 2.5 -9.3 3.4 -1.2 0.641 -0.014 

 
Positive - 

female 
-1 2.6 -7.5 5.6 -0.4 0.982 -0.005 

Different Negative 1.2 3.9 -6.4 8.7 0.3 0.764 0.006 

 Positive 0.8 3.8 -6.8 8.3 0.2 0.845 0.004 

 Male 2 3.5 -4.9 9 0.6 0.564 0.01 

 Female 0.4 3.7 -6.8 7.7 0.1 0.909 0.002 

Different 
Negative - 

positive 
0.4 1.8 -4.1 5 0.2 0.996 0.002 

 
Male - 

female 
1.6 2.2 -4.1 7.3 0.7 0.886 0.008 
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Negative - 

male 
-0.9 2.1 -6.2 4.4 -0.4 0.974 -0.004 

 
Negative - 

female 
0.7 2 -4.5 5.9 0.4 0.983 0.004 

 
Positive - 

male 
-1.3 2.1 -6.6 4 -0.6 0.925 -0.006 

 
Positive - 

female 
0.3 2 -4.9 5.6 0.2 0.998 0.002 

Note. For each Condition, the first four rows show the simple slope estimate for a particular level of 

valence with increasing Positive Reappraisal. That is, the reaction time change in milliseconds (ms) as 

the Positive Reappraisal score increases by one. The test statistic tests whether the slope is 

significantly different from zero. The other rows for that particular condition contrast the slopes given 

two levels of valence. SE = Standard error and Lower/Upper CL = lower and upper bounds of 

confidence levels (95% confidence interval) of the test, z = z-ratio, p = p-value, bold p-values indicate 

significant effects at alpha < 0.1, d = Cohen’s D. 

 

The slope estimates and the contrasts between the slopes for the Hannover sub-

sample in the Reappraisal model are summarized in Table 16.  

There were no simple slope effects in the break_to positive or break_to negative 

condition. However, the simple slope in the break to female condition was 

significantly different from zero, as was the simple slope in the break_to male 

condition. Further, there was a significant difference in negative compared to 

female, positive compared to male, and positive compared to female slopes. This 

was qualified by faster reaction times in the break_to male and female condition. 

That is, with increasing Reappraisal score, the participants were faster at breaking a 

set in the neutral task.  

In the integrate condition, the simple slopes in the male and female condition were 

also significantly different from zero. Further, the slope contrast between negative 

vs. male and positive vs. male were significant. Again, this was qualified by faster 

reaction times in integrate male and female. Finally, in the different condition, the 

contrast between positive and male (marginally at alpha = 0.01) and positive and 

female was significant. The female slope was significantly different from zero and 

the male slope was marginally (at alpha = 0.01) significantly different from zero, 

which qualified this. Apparently, with an increasing reappraisal score, the 

participants were faster at indicating that the picture was different from the 
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reference picture in the neutral task. The slope contrasts between the conditions 

given a particular level of valence can be found in Appendix 12.7. 

 

Table 16 

Positive Reappraisal Model Simple Slopes and Contrasts (Hannover) 

Condition 
Valence/ 

Contrast 

Simple 

Slope/ 

Diff. (ms)  

SE 

(ms) 

Lower 

CL 

(ms) 

Upper 

CL 

(ms) 

z p d 

Break_to Negative -5.5 3.3 -11.9 0.9 -1.7 0.121 -0.027 
 Positive -4.1 3.5 -11 2.8 -1.2 0.241 -0.02 
 Male -9 3.3 -15.5 -2.5 -2.7 0.006 -0.044 
 Female -10.4 3.3 -17 -3.9 -3.1 0.002 -0.051 

Break_to 
Negative - 

positive 
-1.4 1.6 -5.4 2.6 -0.9 0.813 -0.007 

 Male - 

female 
1.4 2 -3.8 6.6 0.7 0.897 0.007 

 
Negative - 

male 
3.5 1.8 -1.1 8.1 2 0.2 0.017 

 
Negative - 

female 
4.9 1.8 0.4 9.5 2.8 0.028 0.024 

 
Positive - 

male 
4.9 1.9 0.1 9.7 2.6 0.044 0.024 

 
Positive - 

female 
6.3 1.9 1.6 11.1 3.4 0.004 0.031 

Integrate Negative -7.1 4.1 -15.2 1 -1.7 0.086 -0.035 

 Positive -6.3 4.1 -14.3 1.8 -1.5 0.126 -0.031 

 Male -13.7 4 -21.6 -5.8 -3.4 0.001 -0.067 

 Female -11 4 -18.9 -3.2 -2.8 0.006 -0.054 

Integrate 
Negative - 

positive 
-0.8 2 -5.9 4.3 -0.4 0.977 -0.004 

 
Male - 

female 
-2.6 2.6 -9.2 3.9 -1 0.729 -0.013 

 
Negative - 

male 
6.6 2.3 0.6 12.6 2.8 0.023 0.032 

 
Negative - 

female 
4 2.3 -2 9.9 1.7 0.315 0.019 

 
Positive - 

male 
7.4 2.3 1.5 13.3 3.2 0.007 0.036 

 
Positive - 

female 
4.8 2.3 -1.1 10.6 2.1 0.158 0.023 

Different Negative -4.8 3.4 -11.5 1.9 -1.4 0.162 -0.023 

 Positive -1.2 3.3 -7.7 5.3 -0.4 0.723 -0.006 

 Male -5.9 3.2 -12.2 0.3 -1.9 0.062 -0.029 

 Female -8.1 3.3 -14.5 -1.7 -2.5 0.013 -0.04 

Different 
Negative - 

positive 
-3.6 1.5 -7.5 0.3 -2.4 0.084 -0.018 

 Male - 2.1 2.1 -3.2 7.4 1 0.729 0.01 
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female 

 
Negative - 

male 
1.2 1.9 -3.7 6 0.6 0.929 0.006 

 
Negative - 

female 
3.3 1.8 -1.4 7.9 1.8 0.266 0.016 

 
Positive - 

male 
4.8 1.9 0 9.6 2.6 0.052 0.023 

 
Positive - 

female 
6.9 1.8 2.3 11.5 3.9 0.001 0.034 

Note. For each Condition, the first four rows show the simple slope estimate for a particular level of 

valence with increasing Positive Reappraisal. That is, the reaction time change in milliseconds (ms) as 

the Positive Reappraisal score increases by one. The test statistic tests whether the slope is 

significantly different from zero. The other rows for that particular condition contrast the slopes given 

two levels of valence. SE = Standard error and Lower/Upper CL = lower and upper bounds of 

confidence levels (95% confidence interval) of the test, z = z-ratio, p = p-value, bold p-values indicate 

significant effects at alpha < 0.1, d = Cohen’s D. 
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9.5 Manipulation Check and Sate during the Experiment  

The participant’s state affect was assessed before the neutral task and the affective 

task. There was no change in state variables during the experiment across the 

experiment overall (see Table 17). 

 

Table 17 

State Affect during the Experiment  

Mean (SD) 

 Neutral task Affective task t p d 

Positive Affect 2.89 (0.83) 2.93 (0.83) -0.72 0.469 -0.042 

Negative Affect 1.46 (0.62) 1.39 (0.5) 1.91 0.068 0.117 

Vigilance  3.60 (0.84) 3.64 (0.82) -0.74 0.210 -0.102 

Note: Participant mean state affect and vigilance ratings during the experiment (before 

the neutral and before the affective task) and their comparisons. Higher values indicate 

stronger affect. The respective p-values (p) are based dependent t-tests (t), d = Cohen’s D. 

 

At the end of the experiment the participants had to rate the valance and arousal 

of the pictures. Table 18 shows the participants ratings and comparisons between 

the Negative, Positive, and the neutral Male and Female pictures on the 

dimension valence and arousal. The Positive pictures were rated higher in valence 

as the Negative and neutral Male and Female pictures, and the Negative pictures 

were rated lower in valence as the positive and neutral Male and Female pictures. 

Male and female did not differ. On the arousal dimension, the participants rated 

the Positive and Negative pictures, as well as the Male and Female pictures as 

similarly arousing. Negative and Positive pictures were rated as more arousing 

than Female and Male pictures. 
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Table 18 

Picture Evaluation 
 

 Mean (SD) / Comparison    

 Negative (N) Positive (P) Male (M) Female (F)    

Valencea    
t p d 

 2.8 (0.55) 7.37 (0.62) 4.69 (0.37) 4.61 (0.4)    

 N P   -84.67 <0.001 -7.81 

 N  M  -35.13 <0.001 -4.02 

 N   F -33.59 <0.001 -3.75 

  P M  49.67 <0.001 5.28 

  P  F 51.20 <0.001 5.32 

   M F 1.53 0.42 0.21 

Arousalb    
   

 5.84 (0.99) 5.86 (1.23) 4.5 (0.98) 4.51 (0.96)    

 N P   -0.14 0.99 -0.02 

 N  M  11.79 <0.001 1.36 

 N   F 11.73 <0.001 1.36 

  P M  11.92 <0.001 1.22 

  P  F 11.86 <0.001 1.22 

   M F -0.06 1.00 -0.01 

Note: Participant mean ratings (standard deviations in brackets) and direct comparisons for 

picture valence and arousal given the respective task and picture category (Negative, 

Positive, Male, Female). aOne-Way ANOVA for valence: (F(3,670) = 2434 p = <0.001, η² = 

0.916). bOne-Way ANOVA for arousal: ANOVA (F(3,670) = 93.22, p = <0.001, η² = 0.294). The 

t and p-values are based on Tukey corrected post-hoc tests, d = Cohen’s D.  
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10  Discussion 

The aim of the present study was to investigate how individual differences in an 

affective WM updating task relate to rumination and positive reappraisal. Previous 

studies have shown associations between emotional updating and cognitive ER. 

However, these studies have either focused on facial expressions in their paradigms 

(Levens & Gotlib, 2010; recently: Mohammed & Lyusin, 2020), or used affective 

words and did investigate the interaction of valence and updating (Pe et al., 2013a; 

Pe et al., 2013b; Pe et al., 2015; Pe et al., 2016). We designed an experiment with 

the specific goal of investigating how individual processing speed in updating of 

affective (decision: positive vs. negative) compared to neutral (decision: male vs. 

female) stimuli in WM reflects self-reported rumination and positive reappraisal. 

 

10.1  Experimental Effects (Hypothesis 1) 

With regard to our experimental manipulation we hypothesized that, overall, 

participants would react faster to an incoming positive stimulus when the preceding 

stimuli in WM were negative and would react slower to an incoming negative 

stimulus when the preceding stimuli in WM were positive (break_to).  

Surprisingly, we found the opposite pattern. The participants reacted faster to 

incoming negative stimuli and reacted slower to incoming positive stimuli. This 

pattern is not in line with the findings in Levens and Gotlib’s (2010) faces task. In 

their healthy control group, they found faster disengagement from sad facial 

expressions and slower disengagement from happy facial expressions and argued 

that this might reflect a protective executive processing bias in WM that is 

associated with resilience (Fredrickson, Tugade, Waugh & Larkin, 2003; Levens & 

Gotlib, 2010).  

With respect to the perseverate condition we did not expect to find differences 

between positive and negative perseveration trials. However, overall, participants 

were faster at perseverating on positive stimuli as compared to perseverating on 

negative stimuli. Again, this was not in line with Levens and Gotlib’s (2010) findings 

that showed no differences.  
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These diverging results can be explained given the fact that the present study used a 

1-back task whereas Levens and Gotlib (2010) used a 2-back task, which resulted in 

different stimulus - response mappings with regard to the condition (trial types).  

In the 2-back faces task (compare facial expression to the face two trials two before), 

a “break happy” trial sequence could have had the following picture sequence 

“…HHNHS” (where H = Happy, S = Sad, and N = Neutral, the bold S is the incoming 

sad face, and the underlined H represents the happy set that needs to be broken). 

This would then result in the following response pattern “...different, same, 

different”.  

In our 1-back task, the comparable break_to negative (break happy to negative) trial 

sequence was “…PPN” (where N = Negative and P = Positive) that had the response 

pattern “…same, same, different”. Although Levens and Gotlib (2010) have not 

reported how they balanced the preceding trials (as to whether there could have 

also been the response sequence “…same, same, different”), nevertheless, in our 1-

back paradigm, the response sequence was always “same, same, different”.  

It is likely that faster reaction times in match positive condition influenced the 

subsequent different response because reaction times were already faster. In fact, 

making a “same” response to positive pictures (0-back) as well as matching positive 

pictures in WM (1-back) was faster compared to negative pictures in our study, 

which is in line with findings in the faces task (Levens & Gotlib, 2010) and the words 

task (Pe et al., 2013a).  

Reaction times in the integrate condition (1-back, e.g., PNP), where the response 

sequence was always “different, different” were not different between positive and 

negative pictures, and neither were the different responses in the 0-back task. 

Interestingly, we did not observe this acceleration in the neutral control condition, in 

which the decision on male vs. female had no influence on processing speed.  

In the perseverate condition, our unexpected results might also be explained by this 

“same positive” acceleration effect. Interestingly, this acceleration in sequences 

seemed to be stronger in positive pictures as compared to negative pictures (see 

Appendix 12.3), which is also evident in the 2-back words task where the authors (Pe 

et al., 2013a) analyzed same positive versus same negative response latencies.  
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With regard to accuracy in the break_to and perseverate conditions, we did not 

expect differences in accuracy, since the task difficulty was intentionally kept low (1-

back). However, participants reacted less accurate in the perseverate negative 

condition as compared to the perseverate positive condition, and reacted less 

accurate in the break_to positive condition as compared to the break_to negative 

condition, which is not in line with Levens and Gotlib (2010), who did not observe 

differences in accuracy.  

In addition to the different stimulus-response mapping, we used complex picture 

material in our task and asked the participants to compare the valence. In fact, 

whereas healthy control participants in the 0-back condition of the faces task 

(Levens & Gotlib, 2010) took on average 710ms (SD = 92ms) to make their same 

happy, and 794ms (SD = 98ms) to make their same sad decision, in our 0-back task, 

the participants took 949ms (SD = 227ms) and 1045ms (SD = 264ms), respectively. 

Thus, the processing of the affective scenes used in our study and the decision about 

the valence was probably more demanding (response latency approximately 200ms 

longer) than processing facial stimuli. Indeed, emotional face perception and 

processing is highly efficient in humans and usually faster than processing scenes 

(Schindler & Bublatzky, 2020).  

However, this does not explain why positive scenes were processed systematically 

faster and more accurate in our task. Although the negative and positive pictures did 

not differ in terms of arousal, luminance, or contrast, it might still be that other 

physical parameters such as picture complexity or pictures scenes heterogeneity 

(Calvo & Avero, 2009) had implicit effects on processing. Additionally, our negative 

pictures could have activated the emotional processing systems more readily and 

therefore influenced processing speed and accuracy by bottom-up influences on 

decision and updating processes, which then led to more errors (Kensinger & Corkin, 

2003; LeDoux, 2012; Pessoa, 2009).  

Nevertheless, although the effect sizes observed in our accuracy analyses were large, 

practically, the overall accuracy scores were well above 95% and a difference of 3.5% 

between perseverate positive and perseverate negative reflects a difference of only 

one erroneous or missed trial (thus only 1 out of 32 trials given a particular 

condition) and is therefore not of practical relevance. In sum, all conditions provided 
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enough trials in order to analyze how measures of ER are related to response 

latency.  

 

10.2  Rumination Effects (Hypothesis 2) 

10.2.1  Rumination and Break_to  

With respect to rumination, we expected that increases in self-reported rumination 

tendency would be associated with slower reaction times to incoming positive 

stimuli when the preceding stimuli were negative and faster reaction times to an 

incoming negative stimulus when the preceding stimuli were positive, independent 

of response accuracy.  

The hypothesis could be confirmed partially. There was a significant (one-sided) 

relationship between rumination and break_to negative. Participants who reported 

increased tendencies to ruminate were faster at reacting to an incoming negative 

stimulus when the preceding stimuli where positive. These effects were not 

observed in the integrate condition (no previous same set to be broken) or in the 0-

back different condition. In the neutral control conditions, no associations were 

observed between male or female and the tendency to ruminate.  

Although research on the interaction between valence, WM updating, and 

rumination is scarce, our observation is in line with other research paradigms 

investigating attentional biases in rumination and depression, and emotional WM 

updating in depression. Yaroslavsky, Allard & Sanchez-Lopez (2018) could show a 

relationship between faster gaze disengagement from happy faces and rumination 

using the engagement-disengagement eye-tracking task (Sanchez, Vazquez, Marker, 

LeMoult, & Joormann, 2013). Further, Sanchez-Lopez, Koster, Van Put, & De Raedt 

(2019) could show in their prospective study that slower disengagement from 

positive faces at baseline predicted decreases in rumination at later time points. 

Further, our results corroborate general findings that have shown an association 

between attention biases to negative information and rumination (Donaldson, Lam, 

& Mathews, 2007; Owens & Gibb, 2017; Whiteman & Mangels, 2020). 

Our study was based on a non-clinical sample and we did not analyze depression or 

risk to depression. However, since rumination is mediating factor in the 
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development of depression (Demeyer, De Lissnyder, Koster, & De Raedt, 2012; 

DeJong, Fox, & Stein, 2018; Spinhoven, van Hemert, & Penninx, 2018), we argue that 

the effect we observed could be a very early sign of a maladaptive response bias that 

may put people at risk to develop depression. Indeed, our finding is in line with 

previous findings in the faces task where participants diagnosed with major 

depression (Levens & Gotlib 2010) or remitted depression (Levens & Gotlib 2015) 

disengaged faster from positive facial expressions. Further, our results corroborate 

the general observation that people with depression experience attenuated 

responses to positive stimuli (Bylsma, Morris, & Rottenberg, 2008; but see Krings, 

Heeren, Fontaine, & Blairy, 2020).  

We could not show, however, that participants with increased rumination 

disengaged slower from negative sets (slower reaction times to incoming positive 

stimuli when the preceding was negative), whereas Levens and Gotlib could show 

this bias in participants with current (Levens & Gotlib, 2010) or past depression 

(Levens & Gotlib 2015). Our finding is therefore not in line with the impaired 

cognitive disengagement theory (Koster, De Lissnyder, Derakshan, & De Raedt, 2011) 

which would predict impaired disengagement from negative content in WM in 

depression.  

Our data suggest that faster disengagement from positive to negative stimuli in WM 

could be a cognitive bias associated with rumination at early stages. Only later on, 

when additional depressive symptoms develop, impaired disengagement from 

negative content in WM might become evident.  

The effects we observed seem to be independent of response accuracy and point to 

a relationship of WM updating efficiency rather than ability. In the sub-sample 

analyses controlling for Location, there were no significant associations between 

rumination score and response time in the break_to or any of the other conditions, 

most likely due to the small sub-sample size. 

10.2.2  Rumination and Perseverate 

With regard to rumination and negative perseveration, we expected that rumination 

would be associated with faster reaction times on negative sets, but not when 

perseverating on positive sets. No associations in simple match conditions or with 
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processing speed outside WM (0-back) were expected. Further, we expected no 

associations between rumination and response latency in the respective neutral 

control conditions and an independence of response accuracy.   

We could not find support for this hypothesis. However, a trend in favor of our 

hypothesis emerged. When comparing the associations (slopes) between rumination 

and perseverate on negative vs. positive, the differences between these slopes were 

marginally significant. With increasing rumination participants seemed to accelerate 

on negative sets and decelerate on positive sets (and neutral male and female sets). 

These trends did not emerge in the match (no set in WM) or same (0-back) 

conditions.  

This is a novel observation and lends support for our hypothesis that a person’s 

tendency to ruminate should not only be reflected in updating valenced material in 

WM, but also when no updating is necessary, i.e., preferential processing of negative 

incoming information when the active content in WM is also negative.  

This observation might be explained in the context of the attentional scope model of 

rumination (Whitmer & Gotlib 2013). According to the model, an individual’s 

negative mood may be related to a constricted attentional scope that may activate 

mood-congruent thoughts and limit the range of alternative positive thoughts. These 

negative thoughts might then remain accessible in WM and increase perseveration. 

It could well be that in our task, matching negative stimuli in WM induced negative 

mood, which then influenced mood-congruent processing of incoming negative 

information due to a narrowed attentional scope.  

No relationships were observed in the accuracy analyses. In the sub-sample analyses 

controlling for Location, there were no significant associations (slopes) between 

rumination score and response times in the perseverate or any of the other 

conditions, again, most likely due to small sub-sample size.  

 

10.3  Positive Reappraisal Effects (Hypothesis 3) 

The processing biases in reappraisal should, theoretically, be opposite to rumination 

(e.g., Pe et al., 2016). Concerning positive reappraisal, we hypothesized that reaction 

times to incoming positive stimuli when the preceding stimuli were negative should 
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be faster in participants who report a greater habitual use of positive reappraisal. 

Associations with processing speed when no set needed to be broken and outside 

WM (0-back) were not expected. Further, no associations with response latency in 

the neutral control task or response accuracy were expected.  

Our results do not support this hypothesis. We found significant associations in the 

neutral control task, however, not in the affective task. Participants who reported 

greater use of positive reappraisal strategies showed faster response latencies in the 

neutral task. Precisely, they reacted significantly faster to incoming male stimuli 

when the preceding two stimuli were female, and faster (marginally) to incoming 

female stimuli when the preceding two were male. The same effects were observed 

in the integrate condition. No differences in slopes were observed in any of the 

other conditions. As expected, we did not find associations with response accuracy 

(but see Pe et al., 2013a and Mohammed & Lyusin, 2020 who found general 

accuracy effects to be associated with reappraisal in their 2-back paradigms). 

Interestingly, we found reaction time effects only in the neutral tasks and not in the 

affective tasks. Although we can make no claims about accuracy, our results suggest 

that protective factors in positive reappraisal might be related to general cognitive 

processing speed rather than processing and updating affective content in particular 

Some explanations for these null-effects in our affective task may be the following: A 

recent meta-analyses came to the conclusion that the shared neural resources 

between WM and positive reappraisal are indeed smaller (Lee & Xue 2018) than 

previously assumed (Ochsner et al., 2002; Ochsner et al., 2004) which could explain 

why positive reappraisal seems unrelated to affective stimuli in our task. Moreover, 

in their multilevel framework of ER (Braunstein, Gross, & Ochsner 2017) the authors 

argue that reappraisal relies more on controlled processes than, for example, 

rumination. Since we used a 1-back task here, it might be that the requirements for 

cognitive control resources were not high enough to induce the updating processes 

that could differentiate individuals with low versus high positive reappraisal use.  

Interestingly, post-hoc analyses controlling for Location could replicate the total 

sample effects in the Hannover sub-sample, but not in the Groningen sub-sample. 

One explanation for this Location effect might be age, since the participants in 

Hannover where significantly older than the participants in Groningen. Studies have 
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shown that older adults use cognitive reappraisal more frequently than younger 

adults (Urry and Gross, 2010; Opitz, Rauch, Terry & Urry, 2012), which could explain 

why these effects only emerge in the older sub-sample. However, this does not 

explain why no effects were observed in the affective conditions and renders the 

results in our positive reappraisal analyses rather inconclusive at this point.  

 

10.4  Limitations and Implications  

We used a convenience sample in our study, which included relatively healthy 

participants in terms of depression and anxiety symptoms. This might explain why 

we did not observe extreme values in habitual use of rumination. This makes it likely 

that the associations we found underestimated the relationship between rumination 

(and positive reappraisal) and affective updating due to a lack of variance. Indeed, 

the effect sizes in the regression models and post-hoc comparisons are small. Future 

studies should include a broader range of participants, from relatively healthy 

individuals to individuals affected by mental disorders, to include a wider range of 

values in measures of ER. 

Further, questionnaires that ask about habits or trait response styles have limited 

validity since they depend on how a person remembers significant situations 

(Kahneman & Krueger, 2006) and are further prone to social desirability (Furnham, 

1986). Therefore, it could have been that our participants had difficulty to reflect on 

past situations, or just answered in a positively biased manner. Measuring ER using 

methods such as EMA in daily life or explicit regulation tasks could overcome this 

limitation.  

Furthermore, we asked the participants about their current mood before the neutral 

and affective versions of the experiment. Overall, the mood was stable. Future 

studies, however, should control for mood on subject level and analyze its 

interaction with updating. Moreover, the effect of an acute mood manipulation on 

affective updating could be tested, an interesting attempt that has been made 

recently (Mohammed, 2019). 

With regard to our experimental design, claims about (impaired) cognitive 

disengagement (Koster et al., 2011, Levens & Gotlib, 2010) are limited. In the 2-back 
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faces paradigm (Levens & Gotlib, 2010) “disengagement” was operationalized as 

breaking from a particular valence. For example, “break negative” means breaking a 

negative set in WM to either an incoming neutral or positive stimulus. Since our 

neutral and affective tasks were separated, we did not have neutral stimuli mixed 

with positive and negative stimuli. Therefore, “break negative” in the faces task was 

“break_to positive” in our task and operationalized the disengagement process as 

“break from negative to positive” or vice versa. Therefore, when processing and 

updating only positive and negative stimuli, it is difficult to say whether the effect is 

driven by difficulty disengaging from a previous set, or faster processing of an 

incoming stimulus.  

This limitation could be overcome with a design that includes neutral, positive, and 

negative pictures in one flow. However, this poses a challenge not only to the block 

randomization, but might also add noise to the decision process, since participants 

can be ambivalent about the valence of “neutral” scenes. To ensure a dichotomy 

between neutral and affective stimuli, the neutral stimuli could be natural scenes (no 

humans) with low arousal so they are easily distinguishable from positive and 

negative scenes that might still include humans. This would allow analyzing the 

interaction between positive, negative, and neutral trial types.  

Further, we used a 1-back paradigm, which did not result in sufficient accuracy 

variance (i.e., ceiling effects) so our claims are mainly about processing efficiency 

rather than WM updating capacity (accuracy). Importantly, as already mentioned, to 

measure controlled cognitive processes like positive reappraisal (Braunstein et al. 

2017), a 2-back task might be more appropriate in order to tap those cognitive 

resources. Therefore, future studies should analyze the interaction of affective 

processing and condition (trial type) in 2-back tasks. Furthermore, this may produce 

higher error rates, which in turn may allow analyzing if, and how, an erroneous trial 

affects subsequent responses, and how this is modulated by ER strategy.  

Last but not least, we only analyzed two prominent ER strategies. However, it might 

be interesting to investigate how tendencies to suppress or accept emotions, or a 

generally optimistic response style, is reflected in affective updating. 

 



	
82 

10.5  Summary and Conclusion 

Previous studies have shown a relationship between WM capacity and successful ER 

(Schmeichel & Tang, 2015) and emotional WM updating and ER (e.g., Pe at al., 

2013b; Mohammed & Lyusin, 2020). However, none of the studies have investigated 

the differential effects of processing and updating positive versus negative stimuli 

and its association with cognitive ER.  

We could show that processing and updating of positive and negative stimuli in WM 

is differentially associated with self-reported rumination. A participant’s tendency to 

ruminate is associated with faster updating of positive to negative stimuli in WM. 

Further, we observed trends that indicate increases in reaction time to negative 

stimuli when no updating of negative stimuli is necessary, and decreases in reaction 

to positive or neutral stimuli, respectively. No effects with positive reappraisal were 

found, however. In other words, our results suggest that a tendency to ruminate is 

reflected in shorter activation of positive material in WM and preferential processing 

of negative material in WM.  

Previous studies have shown that WM training can reduce subsequent rumination as 

measured in daily life (Hoorelbeke, Koster, Demeyer, Loeys, & Vanderhasselt, 2016). 

Based on our results, we argue that in particular updating of valenced stimuli should 

be trained in order to reduce early maladaptive cognitive biases and to improve 

cognitive resources in habitual ruminators. Indeed, recent attempts have already 

tried to train habitual ruminators (Daches, Mor, & Hertel, 2019) and participants 

with depression (Jopling, Gotlib, & LeMoult, 2020) to inhibit specifically negative 

material in WM.  

Given our effects in WM updating, we argue that participants may undergo an 

affective updating training protocol in which the contingency of updating positive 

versus negative stimuli gets varied. Precisely, participants could be particularly 

exposed to positive perseveration trials and train keeping positive material active in 

WM. This in turn may help habitual ruminators to train holding positive thoughts 

active in WM and access positive information with less effort (Miller & Cohen, 2001).  

This may translate into better mood in the long run. Interestingly, a recent study has 

shown that training positive rumination in expressive writing had positive effects on 
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psychological adjustment, well-being, and even WM updating reaction time (Yang & 

Li, 2020). In sum, we cannot make inferences about any causal relationship between 

affective updating and rumination at this point, however, a computerized updating 

training, with a particular focus on positive content, may well have mediating effects 

on rumination and well-being.  
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CERQ 

 

The items of the CERQ are not permitted for reprint. They are available from the 

authors or in the following publication:  

 

Garnefski, Nadia, & Kraaij, V. (2007). The cognitive emotion regulation 

questionnaire: Psychometric features and prospective relationships with 

depression and anxiety in adults. European Journal of Psychological Assessment, 

23(3), 141–149. https://doi.org/10.1027/1015-5759.23.3.141 

	

	

	

	

Demographic and General Information Questionnaire 

 

[AI27] Text Input Code/ID  

[AI28] Text Input Test Date  

[AI01] Text Input Age  

[AI11] Text Input Weight  

[AI12] Text Input Height  

 

[AI16] Multiple Choice First Language "What is your first (native) language?"  

AI16 First language: Residual option (negative) or number of selected options 

Integer  

AI16_01  German   

AI16_02  English   

AI16_03  Turkish   

AI16_08 Arabic  

AI16_04  Dutch   

AI16_05  Russian   

AI16_06  Polish   

AI16_07  Ukrainian   

AI16_09  Persian   

AI16_10  French   

AI16_11  Other   

1 = Not checked 2 = Checked  

AI16_11a Other (free text) Free text  

[AI17] Multiple Choice Nationality "What is your nationality?"  

AI17 Nationality: Residual option (negative) or number of selected options Integer  

AI17_01  German   

AI17_02  English  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AI17_03  Turkish   

AI17_08 Arabic  

AI17_04  Dutch   

AI17_05  Russian   

AI17_06  Polish   

AI17_07  Ukrainian   

AI17_10  French   

AI17_11  Marocan   

AI17_12  Other   

1 = Not checked 2 = Checked  

AI17_12a Other (free text) Free text  

[AI02] Multiple Choice Gender "What is your gender?"  

AI02 Gender: Residual option (negative) or number of selected options Integer  

AI02_01 female  

AI02_02 male  

AI02_03 diverse 

 

 

[AI05] Selection School Degree  "Which highest school degree do you have?"  

AI05 Highest School Degree  

10 = Pupil/secondary or high school student 3 = Lower secondary school leaving 

certificate 4 = Middle secondary school leaving certificate 11 = A-levels (university 

of applied sciences entrance certificate) 7 = A-levels (high school/university 

entrance certificate) 1 = no degree -9 = Not answered  

[AI14] Multiple Choice Education "What is your highest education qualification?"  

AI14 Vocational training: Residual option (negative) or number of selected options 

Integer  

AI14_01 Vocational training  

AI14_06 Diploma  

AI14_02  Bachelor   

AI14_03  Master   

AI14_04  Doctorate   

AI14_05  no degree   

AI14_07 others  

1 = Not checked 2 = Checked  

AI14_07a others (free text) Free text  

[AI15] Text Input School education in Years "Your school education in years?"  

AI15_01 ... years Free text  

[AI04] Multiple Choice Family "Do you currently live in a permanent 

relationship?"  

AI04 Family: Residual option (negative) or number of selected options Integer  

AI04_01 Yes  

AI04_02 No  

AI04_03 I do not know  

1 = Not checked 2 = Checked  
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[AI07] Multiple Choice Employment "What activity do you currently mainly do?"  

AI07 Employment: Residual option (negative) or number of selected options 

Integer  

AI07_04 Apprentice  

AI07_03 Student at a university  

AI07_05  Full-time employment   

AI07_06  Part-time employment   

AI07_07  Unemployed, looking for work   

AI07_02 Pupil/secondary or high school student  

AI07_08  Housewife / househusband   

AI07_09  Pensioner, early retiree (pension or pension recipient), also widow's 

pension, etc.   

AI07_10  Owner, living on fortune   

AI07_11  Permanently disabled   

AI07_01 No information  

1 = Not checked 2 = Checked  

[AI09] Multiple Choice Shopping "How and where do you prefer to do shopping?"  

AI09 Shopping: Residual option (negative) or number of selected options Integer  

AI09_02  Online (Internet)   

AI09_03  Offline (shops)   

AI09_05 Offline (catalogs) AI09_04 All of them AI09_01 I do not know  

1 = Not checked 2 = Checked  

[AI06] Multiple Choice Income "What is your total income (household income, 

income, student loans, loans, benefits, pension,..."  

AI06 Income: Residual option (negative) or number of selected options Integer  

AI06_03  Up to less than 500 EUR   

AI06_04  500 to under 1000 EUR   

AI06_05  1,000 to under 1,500 EUR   

AI06_06  1,500 to under 3,000 EUR   

AI06_07  3,000 to under 5,000 EUR   

AI06_08  5,000 EUR and more   

AI06_01 No information  

1 = Not checked 2 = Checked  

 

 

[AI18] Multiple Choice Handedness "Which hand do you prefer to use?"  

AI18 Handedness: Residual option (negative) or number of selected options 

Integer  

AI18_01 right   

AI18_02 left   

AI18_05 both  

AI18_03 relearned to the right   

AI18_04 relearned to the left  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1 = Not checked 2 = Checked  

[AI19] Multiple Choice Vision "How is your vision?"  

AI19 Vision: Residual option (negative) or number of selected options Integer  

AI19_01  normal (uncorrected)   

AI19_02  normal (corrected with glasses, contact lenses, surgery etc.)   

AI19_03  bad (also with vision aid)   

AI19_04  bad (visual aid forgotten)   

1 = Not checked 2 = Checked  

[AI20] Multiple Choice Psychopathology "Are you currently in treatment for 

mental disorder (eg: outpatient psychotherapy, psychiatrist, neurologist..."  

AI20 Psychopathology: Residual option (negative) or number of selected options 

Integer  

AI20_01 Yes AI20_02 No AI20_03 I do not know  

1 = Not checked 2 = Checked  

[AI30] Multiple Choice Internet use "What do you prefer to spend your time on 

while on the internet or on a computer, smartphone or tablet?"  

AI30 Internet use: Residual option (negative) or number of selected options 

Integer  

AI30_01  Streaming (Netflix, Amazon Prime, Youtube etc.)   

AI30_02  Social Media (Facebook, Instagram, Snapchat, Twitter, Whatsapp etc.)   

AI30_03  Shopping (Amazon, Ebay, Zalando etc.)   

AI30_04  Pornography (picture, video, chat etc.)   

AI30_05  Games (online games, browser games, multiplayer etc.)   

AI30_06  Gambling (poker, day trading etc.)   

AI30_07  News and Documentation (Online newspapers, cooking etc.)   

AI30_08  Other   

1 = Not checked 2 = Checked  

AI30_08a Other (free text) Free text  

 

[AI31] Multiple Choice Neurological Disorders "Are you currently, or have you 

ever been treated for neurological conditions?"  

AI31 Neurological Disorders: Residual option (negative) or number of selected 

options Integer  

AI31_01 Yes AI31_02 No AI31_03 I do not know  

1 = Not checked 2 = Checked  

 

 

[AI21] Multiple Choice Psychopathology "Have you ever been treated 

psychotherapeutically / psychiatrically / neurologically?"  

AI21 Psychopathology: Residual option (negative) or number of selected options 

Integer  

AI21_01 Yes AI21_02 No AI21_03 I do not know  

1 = Not checked 2 = Checked  

[AI22] Text Input  Psychopathology Diagnosis "If you are currently receiving 

psychotherapeutic / psychiatric or neurological treatment: What is the 
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diagnoses..."  

AI22_01 [01] Free text  

[AI23] Text Input  Psychopathology Diagnosis  "What was the diagnosis? (If you 

do not know the diagnosis, type 'x')."  

AI23_01 [01] Free text  

[AI24] Text Input Psychopathology Duration "How many months ago?"  

AI24_01 ... months Free text  

[AI25] Multiple Choice Psychopharmacology "Have you ever or are you currently 

taking psychopharmacological medication?"  

AI25 Psychopharmacology: Residual option (negative) or number of selected 

options Integer  

AI25_01 Yes AI25_02 No AI25_03 I do not know  

1 = Not checked 2 = Checked  

[AI26]  Psychopharmacology "Since when?"  

AI26_01 [01] Free text 

 

 

[AI29] Text Input  Psychopharmacology  "Which psychopharmacological 

medicine? (If you do not know the names, type 'x')."  

AI29_01 [01] Free text  

[AI32] Text Input Which Neurological Disorders  "Which neurological disorder 

was that? (If you do not know the diagnosis, type 'x')."  

AI32_01 [01] Free text  
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12.2  Image IDs and Normative Ratings (NAPS) 

Positive 

  Valence Arousal Physical parameters 

ID Description M SD M SD Luminance Contrast 

Faces_088_v Children Playing 7,50 1,24 5,00 2,00 155,19 69,65 

Faces_100_h Boys Smiling 7,73 1,33 5,03 2,04 101,77 57,99 

Faces_103_h Men Smiling 7,41 1,27 4,93 2,00 107,96 101,02 

Faces_107_h Man And A Boy Smiling 7,66 1,14 5,07 2,03 135,56 52,45 

Faces_108_h Children In Swimming Pool 7,53 1,32 4,28 2,54 111,06 67,09 

Faces_109_v Child Smiling 8,40 0,87 4,71 2,40 70,78 53,12 

Faces_120_h Boy Smiling 7,59 1,30 5,29 2,12 189,30 78,35 

Faces_133_h Boy In Swimming Pool 7,52 1,31 4,26 2,21 118,61 44,35 

Faces_136_v Boys Smiling 7,41 1,25 5,15 2,23 127,94 83,55 

Faces_137_h Boy In Swimming Pool 7,48 1,25 4,50 2,27 190,15 75,34 

Faces_337_h Man Smiling 7,52 1,26 4,16 1,82 106,01 52,37 

Faces_345_h Men Smiling 7,30 1,07 4,14 1,38 76,70 64,51 

Faces_135_h Boy Smiling 7,57 1,33 4,65 2,06 87,95 72,69 

People_172_v Man Swinging 8,21 0,92 4,62 2,68 119,02 56,36 

People_176_h Father And Child 7,66 1,21 3,55 1,97 184,80 69,24 

People_186_h Elderly Men 7,59 1,22 3,15 2,05 123,68 65,54 

Faces_002_v Woman With A Dog 8,15 0,86 5,30 2,23 84,78 73,44 

Faces_104_h Girl Smiling 7,59 1,22 4,46 1,95 130,12 73,31 

Faces_116_h Girl Smiling 7,56 1,45 5,08 2,19 103,33 63,60 

Faces_122_h Girl Playing 8,10 1,11 5,16 2,25 141,02 57,05 

Faces_124_h Girls Playing 7,38 1,24 3,63 1,88 115,76 74,89 

Faces_125_h Girl 7,38 1,21 4,00 1,77 145,25 79,05 

Faces_127_h Girls Smiling 8,00 1,12 5,00 2,33 104,12 83,58 

Faces_228_h Elderly Woman 7,46 1,43 3,69 1,94 94,96 64,17 

Faces_232_h Women Smiling 7,35 1,44 5,02 1,64 111,16 66,37 

Faces_235_v Woman Smiling 7,60 1,43 4,47 1,96 89,00 47,76 

Faces_252_h Woman Smiling 7,32 1,22 4,81 1,83 107,82 68,48 

Faces_261_v Woman Smiling 7,33 1,60 5,40 2,08 144,24 87,86 

Faces_351_h Elderly Women 7,59 1,22 4,16 2,08 86,12 73,72 

Faces_353_h Woman Singing 7,68 1,19 4,41 2,17 104,87 62,83 

Faces_354_v Woman Smiling 7,35 1,49 4,61 2,11 112,31 77,91 

People_187_h Woman Jumping 8,00 1,12 5,46 2,08 118,98 72,66 

Overall Mean 7,62 1,24 4,60 2,07 118,76 68,45 

Overall Standard Deviation  0,28 0,17 0,58 0,25 30,22 12,24 

         

Negative 

 Valence Arousal Physical parameters 

ID Description M SD M SD Luminance Contrast 

Faces_016_h Armed Children 2,81 1,00 6,89 1,30 83,27 80,65 
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Faces_146_h Sick Man 2,93 1,47 6,67 1,21 132,25 65,55 

Faces_158_h Sad Man 3,22 1,58 6,61 1,52 73,46 57,90 

Faces_170_h Wounded Man 2,75 1,19 6,92 1,35 114,78 79,02 

Faces_173_v Hurting Man 3,00 1,31 6,29 1,67 77,90 58,55 

Faces_271_h Men With Guns 3,14 1,35 6,50 1,23 78,69 72,98 

Faces_150_h Sick Man 3,15 1,22 5,92 0,91 179,69 60,62 

Faces_287_h Football Player 3,21 1,32 6,64 1,22 130,12 71,73 

Faces_041_h Child In A Hospital 2,83 1,39 6,90 1,15 132,62 60,08 

Faces_294_h Wounded Man 2,88 1,16 6,19 1,28 126,97 74,58 

Faces_298_h Fighter 3,21 1,40 6,39 1,13 97,15 60,33 

People_010_h Accident 3,46 1,50 6,00 1,46 99,71 61,47 

People_058_h Butcher 2,82 1,42 6,82 1,12 120,50 60,63 

People_121_h Homeless Man 3,44 1,05 6,00 1,18 129,93 81,32 

People_145_h Homeless Man 2,96 1,17 6,13 1,12 144,51 55,38 

Faces_296_h Man Smoking 3,75 1,62 5,61 1,17 92,79 84,91 

Faces_155_h Girl Crying 4,08 1,29 5,07 1,24 78,86 56,81 

Faces_175_v Woman Crying 3,60 0,81 5,40 1,48 92,04 62,58 

Faces_142_h Sad Woman 3,88 1,63 5,88 1,48 92,20 67,42 

Faces_151_v Mutilated Face 3,28 1,28 6,28 1,44 177,80 57,31 

Faces_281_h Hurting Woman 4,46 1,10 4,69 1,75 169,18 47,38 

Faces_153_v Mutilated Face 2,80 1,47 6,92 1,38 182,20 62,41 

Faces_176_h Elderly Woman 3,14 1,53 6,54 1,77 99,96 79,21 

Faces_283_h Elderly Woman Crying 2,48 0,99 7,37 1,30 95,92 72,49 

Faces_285_h Homeless Woman 3,10 1,09 6,33 1,12 83,77 75,84 

Faces_288_h Woman 3,26 1,44 6,13 1,31 125,72 72,91 

Faces_303_h Beggar Woman 3,27 1,31 6,00 1,26 109,81 63,18 

Faces_363_v Mutilated Face 2,63 1,55 6,86 1,41 138,31 71,66 

People_001_h Sad Woman 2,47 1,28 6,97 1,35 88,01 66,83 

People_085_h Cigarette 3,17 1,76 5,61 1,62 125,16 62,30 

People_215_h Disease 2,46 1,13 6,67 1,40 131,57 51,50 

People_244_v Dentist 3,45 1,63 6,32 1,54 104,48 39,67 

Overall Mean 3,16 1,33 6,30 1,34 115,92 65,47 

Overall Standard Deviation  0,46 0,22 0,59 0,20 31,08 10,40 

         

Neutral (Male) 

  Valence Arousal Physical parameters 

ID Description M SD M SD Luminance Contrast 

Faces_024_h Child 4,63 1,03 6,00 1,51 107,00 60,24 

Faces_071_v Boy 5,48 1,45 5,07 0,87 100,78 60,79 

Faces_167_v Man 4,84 0,95 4,34 1,38 104,97 83,68 

Faces_171_v Elderly Man 4,72 1,07 5,17 0,97 110,42 69,12 

Faces_187_v Man 5,42 0,97 4,64 1,05 75,29 58,92 

Faces_191_v Man 5,20 1,20 4,95 0,83 65,42 68,84 

Faces_192_h Man 5,45 0,85 4,68 0,75 119,63 59,97 

Faces_193_v Priest 5,06 1,26 4,89 1,39 99,00 70,43 

Faces_212_h Man 4,79 1,37 5,04 1,06 88,65 70,71 

Faces_216_h Man 5,00 0,72 4,96 0,44 79,11 50,38 
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Faces_292_h Man 4,77 1,50 5,81 0,93 98,79 54,17 

Faces_309_h Men 5,29 0,69 4,79 0,59 116,63 69,75 

Faces_312_h Man 4,83 0,80 4,72 1,22 113,95 71,87 

Faces_202_v Man 4,58 1,59 5,06 1,15 84,73 64,44 

People_097_h Builder 5,25 0,70 4,93 0,81 95,51 60,41 

People_150_h Elderly Man 5,19 0,40 4,78 0,75 96,61 66,96 

Overall Mean 5,03 1,03 4,99 0,98 97,28 65,04 

Overall Standard Deviation  0,30 0,34 0,41 0,30 15,41 8,05 

         

Neutral (Female) 

  Valence Arousal Physical parameters 

ID Description M SD M SD Luminance Contrast 

Faces_006_h Girl 4,62 1,27 4,93 1,19 63,76 58,24 

Faces_197_v Woman 4,45 1,53 4,80 1,90 126,23 81,69 

Faces_039_h Sad Girl 4,77 1,11 4,86 1,28 88,17 61,14 

Faces_054_v Girl 5,42 1,17 4,64 1,25 60,06 56,51 

Faces_055_h Girl 5,41 1,18 4,59 1,05 87,36 83,36 

Faces_119_v Girl 5,39 1,52 5,03 1,52 62,84 59,55 

Faces_180_h Woman  5,12 0,65 4,96 0,66 92,54 67,17 

Faces_198_h Woman 4,52 0,75 4,89 0,89 79,86 79,30 

Faces_215_v Woman 4,63 0,74 4,67 1,14 131,08 58,92 

Faces_218_h Woman 4,97 0,68 4,79 0,98 81,79 60,97 

Faces_220_h Woman 4,74 0,82 4,65 1,08 139,17 79,08 

People_122_h Elderly Woman 4,61 1,42 5,25 2,08 81,32 52,34 

Faces_276_h Women 5,43 1,17 5,03 1,05 130,43 85,54 

Faces_305_h Woman 5,05 0,90 4,95 0,58 85,50 65,69 

Faces_311_h Elderly Woman 5,44 0,77 4,77 1,03 86,09 64,57 

Faces_320_v Elderly Woman 5,07 1,62 5,10 1,06 122,76 76,47 

Overall Mean 4,98 1,08 4,87 1,17 94,93 68,16 

Overall Standard Deviation  0,36 0,33 0,19 0,39 26,28 10,93 
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All Contrasts given Valence and Condition (Reaction Time) 

 

Contrast 
Valence/ 

Condition 

Diff. 

(ms) 

SE 

(ms) 

Lower 

CL 

(ms) 

Upper 

CL 

(ms) 

z p d 

Same - match Negative -112 5 -125 -98 -23.2 0 -0.506 

Same - perseverate Negative 7 4 -5 19 1.7 0.53 0.035 

Same - different Negative 28 4 16 40 6.7 0 0.138 

Same - integrate Negative -143 5 -157 -129 -28.8 0 -0.641 

Same - break_to Negative 86 4 74 98 20.3 0 0.427 

Match - perseverate Negative 119 5 105 133 24.8 0 0.541 

Match - different Negative 140 5 126 154 29 0 0.644 

Match - integrate Negative -32 5 -46 -18 -6.4 0 -0.135 

Match - break_to Negative 197 5 183 211 39.5 0 0.934 

Perseverate - different Negative 21 4 9 33 5 0 0.103 

Perseverate - integrate Negative -151 5 -165 -136 -30.3 0 -0.676 

Perseverate - break_to Negative 78 4 66 90 18.8 0 0.393 

Different - integrate Negative -172 5 -186 -157 -34.1 0 -0.779 

Different - break_to Negative 57 4 46 69 14.1 0 0.29 

Integrate - break_to Negative 229 5 214 244 43.7 0 1.069 

Same - match Positive -102 4 -114 -90 -23.9 0 -0.507 

Same - perseverate Positive 70 4 59 81 18.4 0 0.382 

Same - different Positive -38 4 -49 -26 -9.3 0 -0.194 

Same - integrate Positive -255 5 -271 -240 -46.8 0 -1.184 

Same - break_to Positive -94 4 -106 -82 -22.4 0 -0.47 

Match - perseverate Positive 172 4 159 185 38.5 0 0.89 

Match - different Positive 64 4 52 77 14.9 0 0.314 

Match - integrate Positive -153 5 -168 -139 -30.2 0 -0.676 

Match - break_to Positive 8 4 -4 20 1.8 0.444 0.037 

Perseverate - different Positive -108 4 -119 -96 -26.3 0 -0.576 

Perseverate - integrate Positive -326 6 -342 -309 -55.4 0 -1.566 

Perseverate - break_to Positive -164 4 -177 -152 -37.4 0 -0.852 

Different - integrate Positive -218 5 -233 -203 -40.8 0 -0.99 

Different - break_to Positive -56 4 -69 -44 -13.2 0 -0.276 

Integrate - break_to Positive 161 5 147 176 31.7 0 0.714 

Same - match Male -146 6 -162 -129 -25 0 -0.762 

Same - perseverate Male -7 5 -21 7 -1.4 0.748 -0.039 

Same - different Male 4 5 -11 18 0.7 0.979 0.021 

Same - integrate Male -230 7 -249 -211 -34.6 0 -1.154 

Same - break_to Male -48 5 -63 -33 -9.3 0 -0.264 

Match - perseverate Male 139 6 122 156 23.5 0 0.723 

Match - different Male 150 6 132 167 24.6 0 0.783 

Match - integrate Male -84 6 -102 -66 -13.3 0 -0.392 

Match - break_to Male 98 6 81 114 16.9 0 0.498 

Perseverate - different Male 11 5 -4 26 2 0.339 0.06 

Perseverate - integrate Male -223 7 -242 -204 -33.3 0 -1.115 

Perseverate - break_to Male -41 5 -56 -26 -7.8 0 -0.225 

Different - integrate Male -234 7 -253 -214 -34 0 -1.175 

Different - break_to Male -52 5 -67 -36 -9.5 0 -0.285 
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Integrate - break_to Male 182 7 164 201 28 0 0.89 

Same - match Female -123 6 -139 -106 -21.2 0 -0.635 

Same - perseverate Female 17 5 2 32 3.2 0.016 0.093 

Same - different Female -19 5 -34 -4 -3.6 0.004 -0.103 

Same - integrate Female -222 7 -241 -203 -32.9 0 -1.094 

Same - break_to Female -51 5 -66 -35 -9.4 0 -0.272 

Match - perseverate Female 140 6 123 157 23.5 0 0.729 

Match - different Female 104 6 88 121 18 0 0.532 

Match - integrate Female -99 6 -118 -81 -15.3 0 -0.458 

Match - break_to Female 72 6 56 89 12.5 0 0.363 

Perseverate - different Female -36 5 -51 -20 -6.7 0 -0.196 

Perseverate - integrate Female -239 7 -258 -219 -34.4 0 -1.187 

Perseverate - break_to Female -67 5 -83 -52 -12.3 0 -0.365 

Different - integrate Female -203 7 -222 -184 -30.3 0 -0.991 

Different - break_to Female -32 5 -47 -16 -5.9 0 -0.169 

Integrate - break_to Female 171 7 153 190 26 0 0.822 

Negative - positive Same 90 12 60 120 7.7 0 0.452 

Negative - male Same 158 14 123 193 11.7 0 0.822 

Negative - female Same 137 14 102 173 10 0 0.705 

Positive - male Same 68 13 35 101 5.2 0 0.37 

Positive - female Same 47 13 13 81 3.6 0.002 0.254 

Male - female Same -21 15 -59 17 -1.4 0.493 -0.117 

Negative - positive Match 100 13 66 133 7.6 0 0.451 

Negative - male Match 124 16 84 164 8 0 0.566 

Negative - female Match 126 16 86 166 8.1 0 0.576 

Positive - male Match 24 15 -14 63 1.6 0.369 0.116 

Positive - female Match 26 15 -12 65 1.8 0.293 0.126 

Male - female Match 2 17 -42 46 0.1 0.999 0.01 

Negative - positive Perseverate 153 11 124 182 13.5 0 0.799 

Negative - male Perseverate 144 14 109 179 10.6 0 0.748 

Negative - female Perseverate 147 14 112 182 10.8 0 0.764 

Positive - male Perseverate -9 13 -42 24 -0.7 0.894 -0.051 

Positive - female Perseverate -6 13 -39 27 -0.5 0.962 -0.035 

Male - female Perseverate 3 15 -35 41 0.2 0.998 0.016 

Negative - positive Different 24 12 -6 54 2 0.17 0.12 

Negative - male Different 134 13 99 168 9.9 0 0.706 

Negative - female Different 90 14 55 126 6.6 0 0.465 

Positive - male Different 109 13 75 144 8.2 0 0.585 

Positive - female Different 66 14 31 101 4.8 0 0.345 

Male - female Different -43 15 -82 -5 -2.9 0.02 -0.241 

Negative - positive Integrate -22 14 -58 15 -1.5 0.412 -0.091 

Negative - male Integrate 71 16 29 114 4.3 0 0.309 

Negative - female Integrate 59 17 16 101 3.5 0.002 0.253 

Positive - male Integrate 93 17 51 136 5.6 0 0.4 

Positive - female Integrate 81 17 38 124 4.8 0 0.344 

Male - female Integrate -13 19 -61 35 -0.7 0.904 -0.057 

Negative - positive Break_to -89 12 -120 -59 -7.6 0 -0.446 

Negative - male Break_to 25 14 -10 59 1.8 0.262 0.13 

Negative - female Break_to 1 14 -34 36 0.1 1 0.006 
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Match - perseverate Negative -4.2 0.6 -5.8 -2.6 -7.4 0 -0.757 

Match - different Negative -6.2 0.7 -8.1 -4.3 -9.2 0 -1.461 

Match - integrate Negative -2.2 0.5 -3.7 -0.8 -4.3 0 -0.34 

Match - break_to Negative -6.5 0.7 -8.5 -4.6 -9.4 0 -1.661 

Perseverate - different Negative -2 0.4 -3 -1 -5.7 0 -0.705 

Perseverate - integrate Negative 2 0.4 0.7 3.2 4.5 0 0.417 

Perseverate - break_to Negative -2.4 0.4 -3.4 -1.3 -6.5 0 -0.905 

Different - integrate Negative 3.9 0.5 2.5 5.4 7.9 0 1.121 

Different - break_to Negative -0.4 0.2 -1 0.3 -1.5 0.647 -0.2 

Integrate - break_to Negative -4.3 0.5 -5.8 -2.8 -8.3 0 -1.321 

Same - match Positive 1.9 0.3 1 2.7 6.5 0 1.402 

Same - perseverate Positive -0.1 0.1 -0.5 0.3 -0.9 0.955 -0.211 

Same - different Positive 0.2 0.2 -0.3 0.6 1.2 0.833 0.271 

Same - integrate Positive 8.6 0.9 6.2 11.1 10.1 0 2.79 

Same - break_to Positive 2.3 0.3 1.4 3.2 7.1 0 1.561 

Match - perseverate Positive -2 0.3 -2.8 -1.2 -6.8 0 -1.613 

Match - different Positive -1.7 0.3 -2.5 -0.9 -5.9 0 -1.131 

Match - integrate Positive 6.8 0.7 4.7 8.8 9.3 0 1.388 

Match - break_to Positive 0.4 0.3 -0.4 1.3 1.4 0.732 0.159 

Perseverate - different Positive 0.3 0.2 -0.1 0.7 2 0.338 0.482 

Perseverate - integrate Positive 8.7 0.9 6.3 11.2 10.1 0 3.001 

Perseverate - break_to Positive 2.4 0.3 1.5 3.3 7.4 0 1.772 

Different - integrate Positive 8.4 0.8 6 10.8 10 0 2.52 

Different - break_to Positive 2.1 0.3 1.2 3 6.6 0 1.291 

Integrate - break_to Positive -6.4 0.7 -8.4 -4.4 -9 0 -1.229 

Same - match Male 4.7 0.7 2.6 6.7 6.5 0 2.019 

Same - perseverate Male 0.5 0.3 -0.2 1.2 1.9 0.422 0.49 

Same - different Male -0.7 0.2 -1.2 -0.2 -4 0.001 -3 

Same - integrate Male 6.7 0.9 4 9.3 7.1 0 2.351 

Same - break_to Male 0.9 0.3 0.1 1.8 3 0.028 0.795 

Match - perseverate Male -4.2 0.7 -6.1 -2.3 -6.2 0 -1.529 

Match - different Male -5.4 0.8 -7.6 -3.2 -7 0 -5.019 

Match - integrate Male 2 0.7 0.1 3.9 2.9 0.04 0.332 

Match - break_to Male -3.8 0.7 -5.6 -1.9 -5.8 0 -1.224 

Perseverate - different Male -1.2 0.3 -1.9 -0.5 -4.8 0 -3.49 

Perseverate - integrate Male 6.2 0.9 3.6 8.7 6.9 0 1.861 

Perseverate - break_to Male 0.4 0.3 -0.4 1.3 1.4 0.722 0.305 

Different - integrate Male 7.4 1 4.5 10.2 7.3 0 5.351 

Different - break_to Male 1.6 0.3 0.7 2.5 5.2 0 3.795 

Integrate - break_to Male -5.8 0.9 -8.2 -3.3 -6.7 0 -1.556 

Same - match Female 2.6 0.5 1.1 4.2 4.9 0 0.861 

Same - perseverate Female -0.8 0.3 -1.7 0.1 -2.5 0.122 -0.503 

Same - different Female 0.1 0.3 -0.9 1.1 0.3 1 0.045 

Same - integrate Female 5.5 0.8 3.1 7.9 6.6 0 1.375 

Same - break_to Female -0.4 0.3 -1.3 0.6 -1.1 0.871 -0.2 

Match - perseverate Female -3.4 0.6 -5.1 -1.7 -5.8 0 -1.364 

Match - different Female -2.5 0.5 -4.1 -1 -4.7 0 -0.816 

Match - integrate Female 2.9 0.7 0.9 4.9 4.2 0 0.514 

Match - break_to Female -3 0.6 -4.6 -1.4 -5.3 0 -1.061 

Perseverate - different Female 0.9 0.3 -0.1 1.8 2.7 0.078 0.548 

Perseverate - integrate Female 6.3 0.9 3.7 8.9 7 0 1.878 

Perseverate - break_to Female 0.4 0.3 -0.4 1.2 1.5 0.676 0.303 

Different - integrate Female 5.4 0.8 3 7.8 6.5 0 1.33 

Different - break_to Female -0.4 0.3 -1.4 0.5 -1.4 0.749 -0.245 

Integrate - break_to Female -5.9 0.9 -8.3 -3.4 -6.8 0 -1.575 

Negative - positive Same -2.8 0.4 -3.8 -1.7 -6.9 0 -1.72 

Negative - male Same -2.6 0.4 -3.7 -1.5 -6.3 0 -1.521 



	
120 

Negative - female Same -1.4 0.5 -2.6 -0.1 -2.8 0.03 -0.532 

Positive - male Same 0.1 0.2 -0.4 0.7 0.6 0.916 0.198 

Positive - female Same 1.4 0.4 0.5 2.3 3.9 0.001 1.187 

Male - female Same 1.3 0.4 0.3 2.2 3.3 0.006 0.989 

Negative - positive Match -5.7 0.8 -7.8 -3.6 -6.9 0 -1.256 

Negative - male Match -2.8 1 -5.5 -0.1 -2.6 0.042 -0.44 

Negative - female Match -3.6 1 -6.1 -1 -3.6 0.002 -0.609 

Positive - male Match 3 0.8 0.9 5 3.7 0.001 0.816 

Positive - female Match 2.2 0.7 0.3 4 3 0.014 0.647 

Male - female Match -0.8 1 -3.3 1.7 -0.8 0.845 -0.169 

Negative - positive Perseverate -3.5 0.5 -4.7 -2.4 -7.8 0 -2.112 

Negative - male Perseverate -2.8 0.5 -4.1 -1.5 -5.7 0 -1.213 

Negative - female Perseverate -2.8 0.5 -4.1 -1.5 -5.7 0 -1.217 

Positive - male Perseverate 0.7 0.3 0 1.4 2.7 0.032 0.9 

Positive - female Perseverate 0.7 0.3 0.1 1.4 2.8 0.029 0.895 

Male - female Perseverate 0 0.3 -0.9 0.9 0 1 -0.005 

Negative - positive Different -1.2 0.3 -1.9 -0.5 -4.3 0 -0.926 

Negative - male Different -2 0.3 -2.7 -1.3 -7.6 0 -3.998 

Negative - female Different 0.1 0.4 -1 1.2 0.2 0.998 0.035 

Positive - male Different -0.8 0.1 -1.2 -0.4 -5.2 0 -3.072 

Positive - female Different 1.3 0.4 0.3 2.3 3.4 0.004 0.961 

Male - female Different 2.1 0.4 1.1 3 5.7 0 4.034 

Negative - positive Integrate 3.3 1 0.7 5.8 3.3 0.006 0.473 

Negative - male Integrate 1.4 1.1 -1.4 4.3 1.3 0.566 0.232 

Negative - female Integrate 1.5 1.1 -1.4 4.4 1.4 0.521 0.245 

Positive - male Integrate -1.8 1.3 -5.1 1.4 -1.5 0.462 -0.241 

Positive - female Integrate -1.7 1.3 -5 1.5 -1.4 0.511 -0.228 

Male - female Integrate 0.1 1.4 -3.4 3.6 0.1 1 0.013 

Negative - positive Break_to 1.2 0.4 0.2 2.2 3.2 0.009 0.565 

Negative - male Break_to 0 0.4 -1 0.9 0 1 -0.003 

Negative - female Break_to 0 0.4 -0.9 0.9 0 1 -0.009 

Positive - male Break_to -1.2 0.4 -2.4 -0.1 -2.8 0.029 -0.567 

Positive - female Break_to -1.2 0.4 -2.4 -0.1 -2.8 0.023 -0.574 

Male - female Break_to 0 0.4 -1.1 1.1 0 1 -0.007 

Note. Diff. (%) = difference in percentage correct for a particular contrast given a particular condition. 

SE = Standard error and Lower/Upper CL = lower and upper bounds of confidence levels (95% 

confidence interval) of the contrast, z = z-ratio, p = p-value, d = Cohen’s D.  

 

 

12.5  Rumination and Reappraisal Accuracy Model  

Model Comparisons for Accuracy + Rumination 

  LogLik AIC R2 χ² p 

Model 5 -13560 27172 0.35 - - 

Model 6 -13559 27172 0.35 - - 

Model 7 -13549 27198 0.38 - - 

Model 5 vs. Model 6 - - - 1.63 0.201 

Model 6 vs. Model 7 - - - 19.85 0.651 
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Note. The nested models were compared using likelihood ratio tests to see whether the 

reduction in residual sum of squares was statistically significant. LogLik = Log. Likelihood,  

AIC = Akaike information criterion, R2 = explained variance, χ² = Chi-square, p = p-value. 

The model formulas were the following (in R notation for package lmer4): 

Model 5: correct ~ valence * condition + (1 | subject) + (1 | picture) 

Model 6: correct ~ valence * condition + Rumination +  (1 | subject) + (1 | picture) 

Model 7: correct ~ valence * condition * Rumination + (1 | subject) + (1 | picture) 

 

 

Model Comparisons for Accuracy + Reappraisal 

Note. The nested models were compared using likelihood ratio tests to see whether the 

reduction in residual sum of squares was statistically significant. LogLik = Log. Likelihood,  

AIC = Akaike information criterion, R2 = explained variance, χ² = Chi-square, p = p-value. 

The model formulas were the following (in R notation): 

Model 5: correct ~ valence * condition + (1 | subject) + (1 | picture) 

Model 6: correct ~ valence * condition + Reappraisal +  (1 | subject) + (1 | picture) 

Model 7: correct ~ valence * condition * Reappraisal + (1 | subject) + (1 | picture) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  LogLik AIC R2 χ² p 

Model 5 -13560 27172 0.35 - - 

Model 6 -13558 27170 0.35 - - 

Model 7 -13546 27192 0.42 - - 

Model 5 vs. Model 6 - - - 3.15 0.076 

Model 6 vs. Model 7 - - - 24.92 0.354 
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Negative - female Different T -1.9 1.3 -5.3 1.5 -1.5 0.466 -0.009 

Positive - male Different T 2.1 1.4 -1.4 5.6 1.5 0.41 0.01 

Positive - female Different T 0.6 1.3 -2.7 4 0.5 0.963 0.003 

Negative - male Integrate T -3.5 1.6 -7.6 0.6 -2.2 0.122 -0.017 

Negative - female Integrate T -3.3 1.6 -7.5 0.9 -2 0.175 -0.016 

Positive - male Integrate T -3.5 1.6 -7.7 0.6 -2.2 0.131 -0.017 

Positive - female Integrate T -3.3 1.6 -7.5 0.9 -2 0.185 -0.016 

Negative - male Break_to T -2.1 1.3 -5.3 1.2 -1.6 0.358 -0.01 

Negative - female Break_to T -5.9 1.3 -9.2 -2.6 -4.6 0 -0.029 

Positive - male Break_to T 0.9 1.3 -2.6 4.3 0.6 0.916 0.004 

Positive - female Break_to T -3 1.4 -6.4 0.5 -2.2 0.123 -0.015 

Negative - male Same G 0.4 2 -4.8 5.5 0.2 0.998 0.002 

Negative - female Same G -1 2 -6.2 4.3 -0.5 0.966 -0.005 

Positive - male Same G -4.2 1.9 -9 0.7 -2.2 0.121 -0.02 

Positive - female Same G -5.5 1.9 -10.4 -0.5 -2.8 0.024 -0.027 

Negative - male Match G -2.1 2.3 -8 3.8 -0.9 0.789 -0.01 

Negative - female Match G -1.4 2.3 -7.3 4.4 -0.6 0.924 -0.007 

Positive - male Match G 1.4 2.1 -4 6.9 0.7 0.903 0.007 

Positive - female Match G 2.2 2.1 -3.3 7.6 1 0.741 0.011 

Negative - male Perseverate G -3.5 2 -8.7 1.8 -1.7 0.328 -0.017 

Negative - female Perseverate G -1.7 2 -6.9 3.6 -0.8 0.846 -0.008 

Positive - male Perseverate G 0.8 1.8 -3.9 5.6 0.5 0.968 0.004 

Positive - female Perseverate G 2.6 1.9 -2.1 7.4 1.4 0.483 0.013 

Negative - male Different G -4.1 2.1 -9.5 1.3 -2 0.2 -0.02 

Negative - female Different G -6 2 -11.2 -0.9 -3 0.014 -0.03 

Positive - male Different G 1.1 2.1 -4.3 6.5 0.5 0.953 0.005 

Positive - female Different G -0.8 2 -6 4.4 -0.4 0.977 -0.004 

Negative - male Integrate G 1.2 2.4 -4.9 7.3 0.5 0.959 0.006 

Negative - female Integrate G 2.2 2.5 -4.1 8.6 0.9 0.807 0.011 

Positive - male Integrate G -4.5 2.5 -10.8 1.8 -1.8 0.259 -0.022 

Positive - female Integrate G -3.5 2.6 -10.1 3.1 -1.4 0.528 -0.017 

Negative - male Break_to G -0.4 1.9 -5.3 4.6 -0.2 0.997 -0.002 

Negative - female Break_to G -6.4 2 -11.5 -1.2 -3.2 0.008 -0.031 

Positive - male Break_to G -0.1 2 -5.3 5.1 0 1 0 

Positive - female Break_to G -6.1 2.1 -11.5 -0.7 -2.9 0.021 -0.03 

Negative - male Same H 0.6 1.9 -4.4 5.6 0.3 0.988 0.003 

Negative - female Same H 2.2 2 -2.8 7.2 1.1 0.664 0.011 

Positive - male Same H -0.5 1.8 -5.1 4.1 -0.3 0.992 -0.002 

Positive - female Same H 1.1 1.8 -3.5 5.7 0.6 0.93 0.005 

Negative - male Match H -0.9 2.3 -6.8 4.9 -0.4 0.978 -0.005 

Negative - female Match H 1.2 2.3 -4.7 7 0.5 0.954 0.006 

Positive - male Match H -2.1 2.2 -7.7 3.4 -1 0.761 -0.01 

Positive - female Match H 0 2.1 -5.5 5.5 0 1 0 

Negative - male Perseverate H -6.8 2 -11.8 -1.7 -3.5 0.003 -0.033 

Negative - female Perseverate H -4.3 2 -9.4 0.7 -2.2 0.121 -0.021 

Positive - male Perseverate H -4.9 1.8 -9.6 -0.3 -2.7 0.032 -0.024 

Positive - female Perseverate H -2.5 1.8 -7.1 2.1 -1.4 0.507 -0.012 

Negative - male Different H 2.3 2 -2.8 7.4 1.1 0.659 0.011 

Negative - female Different H 1.6 2 -3.5 6.7 0.8 0.859 0.008 
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Positive - male Different H 1.4 1.9 -3.6 6.4 0.7 0.894 0.007 

Positive - female Different H 0.7 2 -4.4 5.7 0.3 0.987 0.003 

Negative - male Integrate H -7.8 2.4 -14 -1.6 -3.2 0.007 -0.038 

Negative - female Integrate H -3.9 2.4 -10.1 2.3 -1.6 0.362 -0.019 

Positive - male Integrate H -6.9 2.4 -13.1 -0.7 -2.8 0.024 -0.034 

Positive - female Integrate H -3 2.4 -9.2 3.2 -1.2 0.595 -0.015 

Negative - male Break_to H -2.5 1.9 -7.3 2.3 -1.4 0.528 -0.012 

Negative - female Break_to H -4.9 1.9 -9.8 0 -2.6 0.047 -0.024 

Positive - male Break_to H -0.3 2 -5.3 4.8 -0.1 0.999 -0.001 

Positive - female Break_to H -2.6 2 -7.7 2.4 -1.3 0.538 -0.013 

Note. Shown are the contrasts of the rumination slopes between two levels of valence given a 

particular condition for the total and subsamples. SE = Standard error and Lower/Upper CL = lower 

and upper bounds of confidence levels (95% confidence interval) of the test, z = z-ratio, p = p-value, 

bold p-values indicate significant effects at alpha < 0.1, d = Cohen’s D. Loc. = Location (T = total 

sample, G = Groningen, H = Hannover). 

 

 

 

Table 

Additional Contrasts given Valence in the Rumination Model 

Contrast Valence Loc. 
Diff. 

(ms) 

SE 

(ms) 

Low

er CL 

(ms) 

Upper 

CL (ms) 
z p d 

Same - match Negative T 2.5 1.3 -1.2 6.1 1.9 0.39 0.012 

Same - perseverate Negative T 2.9 1.2 -0.4 6.2 2.5 0.127 0.014 

Match - perseverate Negative T 0.4 1.3 -3.2 4.1 0.3 0.999 0.002 

Different - integrate Negative T 1.5 1.3 -2.2 5.3 1.2 0.844 0.008 

Different - break_to Negative T 2.6 1.1 -0.5 5.7 2.4 0.16 0.013 

Integrate - break_to Negative T 1.1 1.3 -2.7 4.8 0.8 0.969 0.005 

Same - match Positive T 1 1.1 -2.3 4.2 0.8 0.96 0.005 

Same - perseverate Positive T -1.1 1 -4 1.8 -1.1 0.899 -0.005 

Match - perseverate Positive T -2 1.2 -5.3 1.3 -1.7 0.499 -0.01 

Different - integrate Positive T 4.1 1.4 0.2 8 3 0.034 0.02 

Different - break_to Positive T 2.2 1.2 -1.1 5.5 1.9 0.394 0.011 

Integrate - break_to Positive T -1.9 1.3 -5.7 1.9 -1.4 0.724 -0.009 

Same - match Negative G 2.8 2 -2.8 8.4 1.4 0.703 0.014 

Same - perseverate Negative G 2 1.8 -3.1 7 1.1 0.877 0.01 

Match - perseverate Negative G -0.8 1.9 -6.4 4.7 -0.4 0.998 -0.004 

Different - integrate Negative G -7.5 1.9 -13.1 -2 -3.9 0.001 -0.037 

Different - break_to Negative G -2.8 1.7 -7.7 2 -1.7 0.55 -0.014 

Integrate - break_to Negative G 4.7 2 -0.9 10.3 2.4 0.163 0.023 

Same - match Positive G -5.3 1.7 -10.2 -0.4 -3.1 0.026 -0.026 

Same - perseverate Positive G -6.9 1.6 -11.4 -2.3 -4.3 0 -0.034 

Match - perseverate Positive G -1.6 1.7 -6.5 3.3 -0.9 0.941 -0.008 

Different - integrate Positive G 3.4 2.1 -2.7 9.5 1.6 0.613 0.017 

Different - break_to Positive G 2.1 1.8 -3 7.2 1.2 0.852 0.01 

Integrate - break_to Positive G -1.3 2.1 -7.2 4.6 -0.6 0.989 -0.006 

Same - match Negative H 1.3 1.9 -4.1 6.8 0.7 0.983 0.007 
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Additional Contrasts given Condition in the Reappraisal Model 

Contrast Condition Loc. Diff. (ms) 
SE 

(ms) 

Lower 

CL 

(ms) 

Upper 

CL (ms) 
z p d 

Negative - positive Same T 1.5 1.2 -1.5 4.5 1.3 0.56 0.007 

Negative - male Same T 4.1 1.3 0.6 7.5 3 0.014 0.02 

Negative - female Same T 1.9 1.4 -1.6 5.4 1.4 0.509 0.009 

Positive - male Same T 2.5 1.2 -0.6 5.7 2 0.171 0.012 

Positive - female Same T 0.4 1.3 -2.9 3.6 0.3 0.992 0.002 

Male - female Same T -2.2 1.4 -5.8 1.4 -1.6 0.396 -0.011 

Negative - positive Match T -1.4 1.3 -4.8 2 -1 0.722 -0.007 

Negative - male Match T 3.6 1.6 -0.5 7.6 2.3 0.103 0.017 

Negative - female Match T 1.7 1.6 -2.3 5.7 1.1 0.713 0.008 

Positive - male Match T 5 1.5 1.2 8.8 3.4 0.004 0.024 

Positive - female Match T 3.1 1.5 -0.7 6.8 2.1 0.156 0.015 

Male - female Match T -1.9 1.7 -6.2 2.3 -1.2 0.654 -0.009 

Negative - positive Perseverate T -1 1.2 -4 2 -0.9 0.806 -0.005 

Negative - male Perseverate T -0.4 1.4 -3.9 3.1 -0.3 0.992 -0.002 

Negative - female Perseverate T -0.4 1.4 -3.9 3.1 -0.3 0.992 -0.002 

Positive - male Perseverate T 0.7 1.2 -2.6 3.9 0.5 0.953 0.003 

Positive - female Perseverate T 0.6 1.3 -2.6 3.9 0.5 0.954 0.003 

Male - female Perseverate T 0 1.5 -3.7 3.7 0 1 0 

Negative - positive Different T -2.2 1.1 -5.2 0.7 -1.9 0.216 -0.011 

Negative - male Different T 0.3 1.4 -3.3 3.9 0.2 0.997 0.001 

Negative - female Different T 2.1 1.3 -1.4 5.5 1.6 0.406 0.01 

Positive - male Different T 2.5 1.4 -1 6 1.8 0.264 0.012 

Positive - female Different T 4.3 1.3 0.9 7.7 3.2 0.007 0.021 

Male - female Different T 1.8 1.5 -2.1 5.6 1.2 0.635 0.009 

Negative - positive Integrate T 0.7 1.4 -2.9 4.4 0.5 0.958 0.004 

Negative - male Integrate T 3.7 1.7 -0.5 8 2.3 0.11 0.018 

Negative - female Integrate T 2.7 1.7 -1.6 7 1.6 0.381 0.013 

Positive - male Integrate T 3 1.7 -1.3 7.3 1.8 0.272 0.015 

Positive - female Integrate T 2 1.7 -2.4 6.3 1.2 0.652 0.01 

Male - female Integrate T -1.1 1.9 -5.9 3.8 -0.6 0.944 -0.005 

Negative - positive Break_to T -1.5 1.2 -4.5 1.5 -1.3 0.569 -0.007 

Negative - male Break_to T 2.2 1.3 -1.1 5.6 1.7 0.318 0.011 

Negative - female Break_to T 1.2 1.3 -2.2 4.6 0.9 0.811 0.006 

Positive - male Break_to T 3.7 1.4 0.2 7.3 2.7 0.036 0.018 

Positive - female Break_to T 2.7 1.4 -0.9 6.3 1.9 0.224 0.013 

Male - female Break_to T -1.1 1.5 -5 2.9 -0.7 0.901 -0.005 

Negative - positive Same G -3.5 1.8 -8.2 1.1 -2 0.206 -0.017 

Negative - male Same G -0.6 2.1 -5.9 4.7 -0.3 0.99 -0.003 

Negative - female Same G -2.9 2.1 -8.3 2.4 -1.4 0.49 -0.014 

Positive - male Same G 2.9 1.9 -2 7.9 1.5 0.426 0.014 

Positive - female Same G 0.6 1.9 -4.4 5.6 0.3 0.99 0.003 

Male - female Same G -2.3 2.1 -7.8 3.1 -1.1 0.692 -0.011 

Negative - positive Match G -3.6 2 -8.7 1.5 -1.8 0.263 -0.018 

Negative - male Match G 3 2.3 -3 9 1.3 0.569 0.015 

Negative - female Match G -2 2.3 -8 4 -0.9 0.825 -0.01 
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Positive - male Match G 6.6 2.2 1.1 12.2 3.1 0.012 0.033 

Positive - female Match G 1.6 2.2 -3.9 7.2 0.8 0.876 0.008 

Male - female Match G -5 2.5 -11.4 1.3 -2 0.178 -0.025 

Negative - positive Perseverate G -0.4 1.8 -4.9 4.1 -0.2 0.995 -0.002 

Negative - male Perseverate G -3.2 2.1 -8.5 2.1 -1.6 0.395 -0.016 

Negative - female Perseverate G -4.5 2.1 -9.8 0.9 -2.1 0.139 -0.022 

Positive - male Perseverate G -2.8 1.9 -7.6 2 -1.5 0.428 -0.014 

Positive - female Perseverate G -4.1 1.9 -8.9 0.8 -2.1 0.14 -0.02 

Male - female Perseverate G -1.2 2.2 -6.8 4.4 -0.6 0.941 -0.006 

Negative - positive Different G 0.4 1.8 -4.1 5 0.2 0.996 0.002 

Negative - male Different G -0.9 2.1 -6.2 4.4 -0.4 0.974 -0.004 

Negative - female Different G 0.7 2 -4.5 5.9 0.4 0.983 0.004 

Positive - male Different G -1.3 2.1 -6.6 4 -0.6 0.925 -0.006 

Positive - female Different G 0.3 2 -4.9 5.6 0.2 0.998 0.002 

Male - female Different G 1.6 2.2 -4.1 7.3 0.7 0.886 0.008 

Negative - positive Integrate G 4.3 2.1 -1.1 9.7 2 0.176 0.021 

Negative - male Integrate G 1.4 2.4 -4.8 7.5 0.6 0.94 0.007 

Negative - female Integrate G 3.3 2.5 -3.1 9.7 1.3 0.544 0.016 

Positive - male Integrate G -2.9 2.5 -9.3 3.4 -1.2 0.641 -0.014 

Positive - female Integrate G -1 2.6 -7.5 5.6 -0.4 0.982 -0.005 

Male - female Integrate G 2 2.8 -5.2 9.1 0.7 0.897 0.01 

Negative - positive Break_to G -0.1 1.7 -4.6 4.4 -0.1 1 0 

Negative - male Break_to G 1.5 1.9 -3.4 6.5 0.8 0.859 0.007 

Negative - female Break_to G -2.7 2 -8 2.5 -1.3 0.541 -0.013 

Positive - male Break_to G 1.6 2.1 -3.7 6.9 0.8 0.861 0.008 

Positive - female Break_to G -2.6 2.2 -8.2 2.9 -1.2 0.615 -0.013 

Male - female Break_to G -4.2 2.3 -10.2 1.7 -1.8 0.256 -0.021 

Negative - positive Same H 5.8 1.5 1.8 9.8 3.8 0.001 0.028 

Negative - male Same H 7.5 1.8 2.9 12.2 4.2 0 0.037 

Negative - female Same H 5.3 1.8 0.6 10 2.9 0.018 0.026 

Positive - male Same H 1.7 1.6 -2.5 5.9 1 0.722 0.008 

Positive - female Same H -0.5 1.7 -4.8 3.8 -0.3 0.991 -0.002 

Male - female Same H -2.2 1.9 -7 2.6 -1.2 0.639 -0.011 

Negative - positive Match H 0 1.8 -4.7 4.7 0 1 0 

Negative - male Match H 4.4 2.1 -1.1 9.9 2 0.171 0.021 

Negative - female Match H 5.2 2.1 -0.3 10.6 2.4 0.068 0.025 

Positive - male Match H 4.3 2 -0.8 9.5 2.2 0.136 0.021 

Positive - female Match H 5.2 2 0 10.3 2.6 0.048 0.025 

Male - female Match H 0.8 2.2 -5 6.6 0.4 0.984 0.004 

Negative - positive Perseverate H -1.6 1.6 -5.7 2.4 -1 0.723 -0.008 

Negative - male Perseverate H 1.8 1.9 -3 6.6 1 0.76 0.009 

Negative - female Perseverate H 3.4 1.9 -1.4 8.1 1.8 0.266 0.017 

Positive - male Perseverate H 3.5 1.7 -0.9 7.8 2.1 0.17 0.017 

Positive - female Perseverate H 5 1.7 0.7 9.3 3 0.015 0.025 

Male - female Perseverate H 1.5 1.9 -3.5 6.6 0.8 0.858 0.008 

Negative - positive Different H -3.6 1.5 -7.5 0.3 -2.4 0.084 -0.018 

Negative - male Different H 1.2 1.9 -3.7 6 0.6 0.929 0.006 

Negative - female Different H 3.3 1.8 -1.4 7.9 1.8 0.266 0.016 

Positive - male Different H 4.8 1.9 0 9.6 2.6 0.052 0.023 
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Positive - female Different H 6.9 1.8 2.3 11.5 3.9 0.001 0.034 

Male - female Different H 2.1 2.1 -3.2 7.4 1 0.729 0.01 

Negative - positive Integrate H -0.8 2 -5.9 4.3 -0.4 0.977 -0.004 

Negative - male Integrate H 6.6 2.3 0.6 12.6 2.8 0.023 0.032 

Negative - female Integrate H 4 2.3 -2 9.9 1.7 0.315 0.019 

Positive - male Integrate H 7.4 2.3 1.5 13.3 3.2 0.007 0.036 

Positive - female Integrate H 4.8 2.3 -1.1 10.6 2.1 0.158 0.023 

Male - female Integrate H -2.6 2.6 -9.2 3.9 -1 0.729 -0.013 

Negative - positive Break_to H -1.4 1.6 -5.4 2.6 -0.9 0.813 -0.007 

Negative - male Break_to H 3.5 1.8 -1.1 8.1 2 0.2 0.017 

Negative - female Break_to H 4.9 1.8 0.4 9.5 2.8 0.028 0.024 

Positive - male Break_to H 4.9 1.9 0.1 9.7 2.6 0.044 0.024 

Positive - female Break_to H 6.3 1.9 1.6 11.1 3.4 0.004 0.031 

Male - female Break_to H 1.4 2 -3.8 6.6 0.7 0.897 0.007 

Note. Shown are the contrasts of the positive reappraisal slopes between two levels of valence given 

a particular condition for the total and subsamples. SE = Standard error and Lower/Upper CL = lower 

and upper bounds of confidence levels (95% confidence interval) of the test, z = z-ratio, p = p-value, 

bold p-values indicate significant effects at alpha < 0.1, d = Cohen’s D. Loc. = Location (T = total 

sample, G = Groningen, H = Hannover). 

 

 

 

Additional Contrasts given Valence in the Reappraisal Model 

Contrast Valence Loc. Diff. (ms) 
SE 

(ms) 

Lower 

CL (ms) 

Upper CL 

(ms) 
z p d 

Same - match Negative T 3.2 1.3 -0.6 7 2.4 0.144 0.016 

Same - perseverate Negative T 4.7 1.2 1.2 8.1 3.9 0.002 0.023 

Match - perseverate Negative T 1.4 1.3 -2.4 5.2 1.1 0.892 0.007 

Different - integrate Negative T 0.8 1.4 -3.1 4.6 0.6 0.993 0.004 

Different - break_to Negative T 1.1 1.1 -2.1 4.3 1 0.926 0.005 

Integrate - break_to Negative T 0.3 1.4 -3.6 4.2 0.2 1 0.002 

Same - match Positive T 0.3 1.2 -3.1 3.7 0.3 1 0.002 

Same - perseverate Positive T 2.1 1.1 -0.9 5.1 2 0.347 0.01 

Match - perseverate Positive T 1.8 1.2 -1.6 5.2 1.5 0.678 0.009 

Different - integrate Positive T 3.7 1.4 -0.3 7.7 2.6 0.089 0.018 

Different - break_to Positive T 1.8 1.2 -1.5 5.2 1.5 0.637 0.009 

Integrate - break_to Positive T -1.9 1.4 -5.8 2 -1.4 0.746 -0.009 

Same - match Male T 2.8 1.6 -1.7 7.2 1.8 0.494 0.013 

Same - perseverate Male T 0.2 1.4 -3.8 4.2 0.2 1 0.001 

Match - perseverate Male T -2.5 1.6 -7.1 2 -1.6 0.604 -0.012 

Different - integrate Male T 4.2 1.8 -0.9 9.3 2.4 0.174 0.021 

Different - break_to Male T 3 1.5 -1.3 7.4 2 0.341 0.015 

Integrate - break_to Male T -1.2 1.7 -6.1 3.8 -0.7 0.984 -0.006 

Same - match Female T 3 1.6 -1.4 7.5 1.9 0.385 0.015 

Same - perseverate Female T 2.4 1.4 -1.7 6.5 1.7 0.554 0.012 

Match - perseverate Female T -0.6 1.6 -5.2 3.9 -0.4 0.999 -0.003 

Different - integrate Female T 1.4 1.8 -3.7 6.4 0.8 0.971 0.007 

Different - break_to Female T 0.2 1.5 -4.1 4.5 0.1 1 0.001 
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Integrate - break_to Female T -1.2 1.8 -6.3 3.9 -0.7 0.986 -0.006 

Same - match Negative G -1 2 -6.8 4.8 -0.5 0.996 -0.005 

Same - perseverate Negative G 0.9 1.8 -4.3 6.2 0.5 0.996 0.005 

Match - perseverate Negative G 1.9 2 -3.7 7.6 1 0.927 0.009 

Different - integrate Negative G -2.4 2 -8 3.3 -1.2 0.836 -0.012 

Different - break_to Negative G 0.8 1.7 -4 5.6 0.5 0.997 0.004 

Integrate - break_to Negative G 3.2 2 -2.5 8.8 1.6 0.608 0.015 

Same - match Positive G -1.1 1.8 -6.1 3.9 -0.6 0.99 -0.005 

Same - perseverate Positive G 4 1.6 -0.6 8.7 2.5 0.126 0.02 

Match - perseverate Positive G 5.1 1.8 0.1 10.1 2.9 0.039 0.025 

Different - integrate Positive G 1.5 2.1 -4.6 7.6 0.7 0.982 0.007 

Different - break_to Positive G 0.3 1.8 -4.9 5.4 0.2 1 0.001 

Integrate - break_to Positive G -1.2 2.1 -7.1 4.7 -0.6 0.992 -0.006 

Same - match Male G 2.6 2.4 -4.1 9.4 1.1 0.874 0.013 

Same - perseverate Male G -1.7 2.1 -7.7 4.4 -0.8 0.969 -0.008 

Match - perseverate Male G -4.3 2.4 -11.1 2.5 -1.8 0.457 -0.021 

Different - integrate Male G -0.1 2.6 -7.5 7.3 0 1 -0.001 

Different - break_to Male G 3.2 2.2 -3.2 9.5 1.4 0.708 0.016 

Integrate - break_to Male G 3.3 2.5 -3.9 10.5 1.3 0.78 0.016 

Same - match Female G -0.1 2.4 -6.8 6.6 0 1 0 

Same - perseverate Female G -0.6 2.2 -6.8 5.6 -0.3 1 -0.003 

Match - perseverate Female G -0.5 2.4 -7.3 6.3 -0.2 1 -0.003 

Different - integrate Female G 0.2 2.7 -7.5 7.9 0.1 1 0.001 

Different - break_to Female G -2.7 2.3 -9.3 3.9 -1.2 0.858 -0.013 

Integrate - break_to Female G -2.9 2.7 -10.7 4.9 -1.1 0.9 -0.014 

Same - match Negative H 5.9 1.8 0.7 11 3.3 0.014 0.029 

Same - perseverate Negative H 7.5 1.6 2.9 12.1 4.7 0 0.037 

Match - perseverate Negative H 1.7 1.8 -3.5 6.8 0.9 0.942 0.008 

Different - integrate Negative H 2.3 1.9 -3.1 7.7 1.2 0.828 0.011 

Different - break_to Negative H 0.7 1.5 -3.6 5 0.5 0.997 0.004 

Integrate - break_to Negative H -1.6 1.9 -7 3.9 -0.8 0.964 -0.008 

Same - match Positive H 0.1 1.6 -4.6 4.7 0 1 0 

Same - perseverate Positive H 0.1 1.4 -3.9 4 0 1 0 

Match - perseverate Positive H 0 1.7 -4.8 4.7 0 1 0 

Different - integrate Positive H 5.1 1.9 -0.3 10.5 2.7 0.073 0.025 

Different - break_to Positive H 2.9 1.6 -1.5 7.4 1.9 0.417 0.014 

Integrate - break_to Positive H -2.2 1.9 -7.5 3.2 -1.2 0.858 -0.011 

Same - match Male H 2.7 2.1 -3.3 8.7 1.3 0.799 0.013 

Same - perseverate Male H 1.8 1.9 -3.6 7.2 1 0.931 0.009 

Same - different Male H 0.1 2 -5.5 5.8 0.1 1 0.001 

Match - perseverate Male H -0.9 2.2 -7.1 5.3 -0.4 0.999 -0.004 

Different - integrate Male H 7.7 2.5 0.7 14.8 3.1 0.022 0.038 

Different - break_to Male H 3.1 2.1 -2.8 9 1.5 0.674 0.015 

Integrate - break_to Male H -4.7 2.4 -11.5 2.2 -1.9 0.378 -0.023 

Same - match Female H 5.7 2.1 -0.3 11.7 2.7 0.074 0.028 

Same - perseverate Female H 5.6 1.9 0.1 11 2.9 0.044 0.027 

Match - perseverate Female H -0.2 2.1 -6.3 5.9 -0.1 1 -0.001 

Different - integrate Female H 3 2.4 -3.8 9.7 1.3 0.81 0.015 

Different - break_to Female H 2.4 2 -3.3 8.1 1.2 0.845 0.012 
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Integrate - break_to Female H -0.6 2.4 -7.3 6.1 -0.2 1 -0.003 

Note. Shown are the contrasts of the positive reappraisal slopes between two levels of condition 

given a particular valence for the total and subsamples. SE = Standard error and Lower/Upper CL = 

lower and upper bounds of confidence levels (95% confidence interval) of the test, z = z-ratio, p = p-

value, bold p-values indicate significant effects at alpha < 0.1, d = Cohen’s D. Loc. = Location (T = total 

sample, G = Groningen, H = Hannover). 
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