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Abstract 

People with a repressive stress coping style have high levels of 

unacknowledged anxiety. Repressors are thought to show attentional vigilance-

avoidance patterns towards threat information, followed by memory reductions. 

The direct relationships between attention and memory for threat in repressive 

coping were tested here. Participants (N=107) were subjected to a stress-task. 

Skin conductance levels and self-reported mood were combined into 

an ‘autonomic-response discrepancy (ARD) score indicating under-reported 

physiological stress (repressive coping). Negative and neutral pictures were 

presented with or without distractors while eye-tracking was recorded, followed 

by recall/recognition tests. ARD correlated positively with viewing time of all 

pictures. ARD decreased the memory advantage for negative solitary compared to 

neutral pictures. For these pictures only, the link between attention and memory 

increased with increasing ARD. This suggests when attentional avoidance is not 

possible, repressive coping may co-vary with stronger reliance on visual attention 

to aid later memory for threat. 
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1. INTRODUCTION 

 

Stress coping is an important cornerstone of mental health and included in 

virtually all psychological therapies. When encountering threatening, negative, or 

otherwise stressful situations, stress coping is commonly understood as a 

psychological mechanism targeted at managing the emotional impact of the 

stressor. Stress coping varies as a function of personality, past experiences, and 

current environment, and can be both a cause and effect of cognitive changes. The 

objective of this thesis is to investigate how individual differences in a so-called 

repressive coping style influence attention and memory for negative emotional 

information, as well as the link between the two. A short overview on known 

effects of emotion on attention, memory and their link, irrespective of coping 

style, is provided in the beginning of the introduction. The next section outlines 

the measurement of repressive coping style. The introduction closes with an 

overview on cognitive characteristics of the repressive coping style.  

1.1 Emotion-Cognition Interactions  

The following information is provided as a non-exhaustive review on 

literature pertaining to emotion-cognition interactions. It is to be understood as a 

brief overview on experimental parameters that were expected to operate in a 

principled way based on extensive basic research in emotion-cognition 

interactions, irrespective of stress coping style.  

Studying emotion-cognition interactions in a laboratory setting can be 

achieved in various ways, but two main approaches are a) inducing emotion in the 

participants and studying the resulting effects on cognition, and b) selecting 

materials based on their pre-existing emotional features and studying altered 

cognitive processes towards emotional compared to neutral materials. These two 

approaches are also sometimes combined. Inducing emotions in the laboratory is 

difficult but often approached by stress induction paradigms.  
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1.1.1 Stress and Cognition 

One of the earliest observations on the relationship between stress and 

cognition, the Yerkes-Dodson law (Yerkes & Dodson, 1908), was that low or 

high stress levels may impair cognitive functions while intermediate levels may 

benefit cognition. For ethical reasons, stress induction paradigms in humans are 

confined to relatively mild manipulations; for example, physical stressors like 

minor electrical shocks and heat/cold stress, or psychosocial stress manipulations 

such as the Trier Social Stress Test (TSST; Kirschbaum, Pirke, & Hellhammer, 

1993), part of which was used in the current study. In the TSST, participants are 

asked to perform a difficult mental arithmetic task and to deliver a speech in front 

of a panel of judges. This paradigm reliably increases the stress hormone cortisol 

and leads to subsequent changes in cognition, including memory, executive 

functions, and attention (Brune, Nadolny, Gunturkun, & Wolf, 2013; Ellenbogen, 

Carson, & Pishva, 2010; Plessow, Kiesel, & Kirschbaum, 2012; Plessow, Schade, 

Kirschbaum, & Fischer, 2012; Roelofs, Bakvis, Hermans, van Pelt, & van Honk, 

2007; Simoens et al., 2007; Wolf, 2011).  

With regard to attention, stress reduces cue utilization, shrinks the 

perceptive field, or reduces an individual’s ability to perform broad visual scans 

of the environment. Thus, under stress, selective attention becomes focused on 

task-relevant information at the expense of task-irrelevant information (Chajut & 

Algom, 2003), the so-called ‘tunnel hypothesis’ (Easterbrook, 1959). Whether 

attention functions benefit or suffer under stress largely depends on the type of 

task and stimuli. For example, Chajut and Algom (2003) found that different 

stressors (noise, difficult or impossible tasks) were beneficial to selective 

attention tasks measured with the Stroop task, in agreement with the tunnel 

hypothesis. Thus, participants’ ability to focus on the task at hand, i.e., naming the 

ink colour in which colour words with an incongruent meaning were written and 

to ignore irrelevant aspects of the task, i.e., the meaning of the colour words, 

increased under stress. Combining stress induction with attention to emotional 

information, several studies have shown that stress-induced cortisol levels will 

bias selective attention towards emotional stimuli (Applehans & Luecken, 2006; 
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Ellenbogen et al., 2010; Ellenbogen, Schwartzman, Stewart, & Walker, 2002; 

McHugh, Behar, Gutner, Geem, & Otto, 2010 ; Pilgrim, Marin, & Lupien, 2010; 

van Honk et al., 2000). That is, when stressed, a normative pattern of attentional 

preference of emotional over neutral stimuli can become exaggerated.  

Similarly, stress can be detrimental or beneficial to memory. For example, 

low or high stress levels can be memory-impairing while intermediate levels can 

be beneficial to memory (Cavanagh, Frank, & Allen, 2011; Sandi & Pinelo-Nava, 

2007). Specific effects of stress on memory are dependent on the materials and 

the type of memory tested. There is support for stress-enhancement of (emotional) 

memory encoding and consolidation (Beckner, Tucker, Delville, & Mohr, 2006; 

Cahill & Alkire, 2003; Jelici, Geraerts, Merckelbach, & Guerrieri, 2004; Smeets, 

Giesbrecht, Jelicic, & Merckelbach, 2007), while memory retrieval suffers under 

stress (e.g., de Quervain, 2006; Dominique, Roozendaal, Nitsch, McGaugh, & 

Hock, 2000; Kuhlmann, Piel, & Wolf, 2005). As reviewed by Wolf (2008), 

human and rodent studies have supported that stress-induced cortisol release is 

associated with enhanced memory for fearful situations. While non-emotional 

forms of explicit memory, mediated by the hippocampus and areas of the 

prefrontal cortex, become impaired under high stress, emotional learning 

facilitated by the amygdala is enhanced. Thus, one might observe an exaggerated 

preference for learning and remembering emotionally arousing information under 

stress similar to the above mentioned effects of stress on attention. 

1.1.2 Emotion Effects on Attention and Memory 

Emotional information usually engages processing priority compared to 

neutral information (Reisberg & Heuer, 2004). Emotionally arousing materials 

capture and hold greater attention than neutral information, especially when both 

are concurrently presented (A. K. Anderson & Phelps, 2001; M. M. Bradley & 

Lang, 1994; Calvo & Lang, 2005; Loftus, Loftus, & Messo, 1987). Emotionally 

arousing information, especially when negative, is also usually better remembered 

than neutral information (Cahill & McGaugh, 1998; Hamann, 2001; Kensinger, 

Brierley, Medford, Growdon, & Corkin, 2002; Strange & Dolan, 2004). 

Emotional (but not neutral) information can be processed without conscious 
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awareness (Morris, DeGelder, Weiskrantz, & Dolan, 2001; Morris, Ohman, & 

Dolan, 1998) and with little (or no) visual attention (Calvo & Lang, 2005; 

Christianson, Loftus, Hoffman, & Loftus, 1991; but see Pessoa, 2005). While 

these findings emphasize the prioritization of emotional over neutral information 

processing, the precise links between emotional arousal, attention, and memory 

are debated (Pessoa, 2005; Sharot & Phelps, 2004; Talmi & McGarry, 2012; see 

section 1.1.3). 

Emotional materials for laboratory experiments are often selected based 

on two criteria: arousal, the quantitative level of physiological response evoked by 

a stimulus, and valence, the qualitative emotional content of a stimulus ranging 

from negative to neutral to positive (see Lang, Bradley, & Cuthbert, 1999). 

Highly arousing stimuli are used most commonly when studying emotional 

attention and emotional memory, based on arousal- (but not valence-) mediated 

modulation of other brain regions by the amygdala (LaBar & Cabeza, 2006; 

McGaugh, 2004). The amygdala has long been known as a core structure for 

emotional, especially fear-related information processing (LeDoux, 2000). It 

provides direct and indirect signals to virtually all other brain regions, and is 

capable of to modulating many cognitive and sensory processes (Pessoa, 2008).  

Emotionally arousing materials will often alter perception and attention. 

Similar to the attentional narrowing by stress, emotionally arousing materials are 

preferentially attended to, compared to neutral information. For example, in visual 

search tasks where a unique target must be found among distractors, detection 

times are faster when the target is arousing (e.g. a snake picture or spider picture 

among pictures of flowers e.g., Öhman, Flykt, & Esteves, 2001). In ‘attentional 

blink’ paradigms, a visual target is often missed when presented shortly after 

another target in a continuous stream of stimuli, but such failures are reduced 

when the first target is emotionally arousing (A. K. Anderson, 2005), implying 

facilitation of attentional mechanisms by emotion. Thus, when deployment of 

attentional resources is limited, emotionally-arousing information may receive 

privileged access to attention (see also Vuilleumier & Schwartz, 2001). 
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An arousing stimulus or situation will trigger a cascade of neurochemical 

reactions. Amongst these, the release of norepinephrine will enhance 

glutamatergic synaptic plasticity in the basolateral amygdala and hippocampus, a 

process thought to underlie learning and memory functions (e.g., Kensinger, 

Garoff-Eaton, & Schacter, 2007; LaBar & Cabeza, 2006). Through this process, 

arousing materials are usually remembered better than neutral stimuli, an effect 

called the ‘emotional enhancement of memory’ (EEM). Amygdala-hippocampus 

interactions pertaining to emotional memory have been tested in many studies, 

usually pointing to a modulatory effect of the amygdala on hippocampal learning 

(review see: LaBar & Cabeza, 2006). For example, Kensinger and Corkin (2004) 

used highly arousing negative and non-arousing neutral words in a functional 

magnetic resonance imaging (fMRI) memory experiment. They found that 

activity in both regions at encoding was predictive of later memory of high-

arousal words, while only activity in the hippocampus (and not in the amygdala) 

was predictive of memory for non-arousing words. Amygdala activity in addition 

to hippocampal activity during encoding of arousing words correlated with 

increased vividness of emotional word recall.  

 

1.1.3 Linking Arousal, Attention, and Memory 

One way of investigating direct links between attention and memory is the 

subsequent memory effect (also known as: difference due to memory [DM], 

Wagner et al., 1998). This method is often used in electroencephalographic (EEG) 

and fMRI studies, and compares brain activity during encoding of items that were 

later remembered with brain activity during encoding of items that were later 

forgotten (Wagner, Koutstaal, & Schacter, 1999). For example, in an EEG study, 

one might compare the size of a specific event-related potential (ERP) elicited 

during encoding of items that were later forgotten and subtract this ERP from the 

size of the average ERP during encoding of items that were remembered. Thus 

one would create a residual ERP difference wave that illustrates the difference in 

electrical activity between successful and unsuccessful attempts of encoding. 

Broadly speaking, emotional information can change the topography, extent, and 
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size of the subsequent memory effect (Dolcos, LaBar, & Cabeza, 2004; Erk et al., 

2003; Kensinger & Schacter, 2006) depending on the paradigm and stimuli used. 

For example, Dolcos and Cabeza (2002) found a larger subsequent memory effect 

at an encoding epoch from 400-600 msec for emotional compared to neutral 

pictures. Qualitatively different and/or enhanced subsequent memory effects for 

emotional than neutral information were also found in several fMRI studies (e.g., 

Dolcos et al., 2004; Richardson, Strange, & Dolan, 2004; Schwarze, Bingel, & 

Sommer, 2012). Although these examples refer to EEG and fMRI studies, the 

subsequent memory effect can, in principle, be calculated with any behavioural or 

physiological measure, including eye-tracking.  

The perceptual processing of stimuli is largely (although not exclusively) 

attributed to visual processing; therefore, visual attention can be used as an 

indicator of perception and attention. One way to assess overt visual attention is 

through eye-tracking. This method can be employed to assess effects of emotion 

on overt
1
 attention (Isaacowitz, Wadlinger, Goren, & Wilson, 2006; 

Nummenmaa, Hyönä, & Calvo, 2006; Wadlinger & Isaacowitz, 2006), changes in 

their interaction as a function of personality factors (Quigley, Nelson, Carriere, 

Smilek, & Purdon, 2012) and can reveal processes that are not testable by relying 

on manual responses alone (Berggren, Koster, & Derakshan, 2012).  

Memory increases with increased attention (Baddeley, 1997) and as 

outlined, arousal can influence both, attention and memory. Thus, one may ask 

whether the enhancement of emotional memory is a purely attentional effect. 

Studies have tested this hypothesis with eye-tracking (Christianson et al., 1991; 

Loftus et al., 1987; Riggs, McQuiggan, Farb, Anderson, & Ryan, 2011; Wessel, 

De Kooy, & Merckelbach, 2000). In these studies, attentional preference of 

emotional over neutral information at encoding was probed by presenting central 

arousing or non-arousing information surrounded by peripheral (non-arousing) 

information. Subsequent memory for the central and peripheral information was 

tested. This type of setup was motivated by the assumed attentional narrowing 

                                                      
1
 Dissociating between covert and overt attention is better attempted by experimental paradigms 

that manipulate each of them separately (Theeuwes, 1991; Yantis & Jonides, 1990). In the normal 

case both overt and covert attention are highly correlated (Jonides, 1981).  
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caused by arousing stimuli (Easterbrook, 1959), to test whether increased later 

memory for the emotional scenes may be a necessary consequence of the 

narrowed attention at encoding. Viewing patterns in all three studies supported 

attentional prioritization in form of longer view times to (central) arousing 

information than (peripheral) non-arousing information. In addition, there was 

better memory for central negative versus neutral details. However, more 

attention did not uniformly result in better memory. As such, Christianson and 

others (1991) found that participants who spent longer viewing the central aspects 

of the scene did not have better recognition memory than participants with shorter 

view times. An increase in emotional scene view time in Riggs and others (2011) 

only partially, but not fully mediated an enhancement of later memory for the 

emotional scenes. In addition, peripheral details flanking the central emotional 

scenes were fixated less and remembered less, but these two effects were 

unrelated. Thus, negative emotionally arousing information, at least when 

presented centrally, will induce attentional narrowing and enhancement of later 

memory, but the latter may at least partly result from processes other than overt 

visual attention.  

Another illustration of the partial independence of the EEM from 

attentional processes comes from Kensinger and Corkin (2004). They tested 

whether encoding of arousing negative words and non-arousing negative words 

during a divided attention task and a full attention task. Results showed a main 

effect of task with lower memory for words encoded under divided attention than 

full attention. However, divided attention impaired later retrieval of non-arousing 

negative words more so than recall of negative words. These findings imply that 

arousing information will maintain an encoding advantage over non-arousing 

information even when attentional resources are depleted (Kensinger & Corkin, 

2004). A possible interpretation of these kinds of partial mediation effects is that 

arousal itself also enhances memory formation, in addition to increasing attention, 

such that the relative strength of attention-memory links are weakened in case of 

emotional materials.  
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If both, attention and arousal may mediate the EEM, when does one 

predominate over the other? Recent work by Talmi and McGarry (2012) 

addressed this question. Prior to this study, Talmi had observed systematic 

differences between emotional and non-emotional materials that may favour 

emotional over neutral materials for reasons other than their difference in the 

potential to trigger arousal. These features include higher distinctiveness of 

emotional items if mixed with neutral items, or a higher semantic cohesiveness 

among emotional than neutral materials, both of which would increase memory 

for emotional items but for reasons other than their arousing nature (Talmi & 

Moscovitch, 2004; Talmi, Schimmack, Paterson, & Moscovitch, 2007). With this 

in mind, Talmi and McGarry (2012) could show that the EEM can be reduced if 

participants are required to attend to neutral and negative pictures equally. They 

did not find a free recall advantage for negative arousing compared to neutral 

pictures in this case. In addition, attention fully mediated later memory when 

pictures were presented in blocks of emotional or neutral pictures (controlling for 

picture differences in semantic cohesiveness and distinctiveness), while perceived 

arousal independently increased attention and later memory when pictures were 

presented in mixed lists. These findings argue for a distinctiveness explanation of 

the EEM, rather than an arousal-mediated effect.  

Taken together, the influence of emotional material on later memory is 

likely mediated by physiological arousal combined with attentional prioritization. 

Emotional arousal may enhance memory directly as well as through attentional 

processes. My study targets potential influences of a so-called repressive stress 

coping style on emotion-cognition interactions. As such, I am interested in 

whether and how repressive coping will influence attention and memory for 

emotional information as well as their links. The following sections give an 

overview on the repressive coping style literature with an emphasis on known 

cognitive correlates of this type of stress coping.  
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1.2 Repressive Coping Style 

The term “repression” was originally coined by Sigmund Freud (Freud, 

1957/1915). Although Freud’s definitions of repression varied and changed over 

time, including terms like “conscious rejection”, “dissociation”, “attention 

neglect”, and “avoidance of thought” (as discussed by Erdelyi, 2006), repression 

in the Freudian sense usually refers to the avoidance of thoughts, memories, 

impulses, and desires that are incompatible with one’s self-view (ego), with the 

goal to exclude these contents from consciousness. Conscious awareness of (ego-) 

threatening thoughts or memories would trigger anxiety, so by “repressing” them, 

anxiety-provoking experiences are avoided. Debated for over a century, empirical 

evidence for the existence of repression as a general mechanism of forgetting has 

been variable since early research (Flavell, 1955; Rosenzweig & Mason, 1934; 

Stagner, 1931).  

There are several intrinsic problems with the scientific study of repression. 

For example, the absence of unwanted content (thoughts, memories, desires, etc.) 

can be evidence both for the existence of repression, as well as proof of their non-

existence, rendering repression as a construct non-falsifiable. The precise 

definition of repression determines the level of experimental support that has been 

gathered for or against its existence. For example, while willful, instructed 

forgetting of information is possible at least to some extent (M. C. Anderson & 

Green, 2001; Depue, Banich, & Curran, 2006; but see Bulevich, Roediger, Balota, 

& Butler, 2006), there is no firm evidence for frank amnesia following 

psychological trauma (McNally, Clancy, & Barrett, 2004). Considering that the 

experience of a psychological trauma represents a highly self-threatening event, 

‘repressive’ forces on memory should be most apparent in or after such extreme 

situations. However, memory for highly traumatic self-threatening events is 

usually very detailed, and even intrusive (McNally et al., 2004; Piper Jr, Pope Jr, 

& Borowiecki III, 2000), a finding in agreement with the EEM described above. 

Thus, repression as a general mechanism of forgetting unwanted memories 

certainly does not apply uniformly to everyone and does not co-vary with the 

severity of the trauma.  
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An alternative to the study of repression is to focus on individual -

differences in dispositional repressiveness, based on measurable and stable 

personality traits. Conceptually linked to the psychodynamic view of ‘repression’ 

as a defense mechanism to deal with (ego-) threat, research into a repressive 

coping style gained momentum in the 1960ies (but see prior research by 

Altrocchi, Parsons, & Dickoff, 1960). As such, Byrne, Barry and Nelson (1963) 

defined repressive individuals as avoidant and defensive in the face of threat. 

Repressors were contrasted with so-called sensitizers, who were described as 

approaching threat and intellectualizing it, also as a defense mechanism. The 

Byrne Repression-Sensitization Scale-revised (Byrne et al., 1963) became a 

widely-used scale at that time. However, high scores in sensitization correlated 

positively with scales measuring trait anxiety (assessed with scales like the Taylor 

Manifest Anxiety Scale, TMAS; Taylor, [1953] or its short version by Bendig 

[1956]), while scores in repression correlated negatively with trait-anxiety 

(Abbott, 1972; Highland, 1980; Slough, Kleinknecht, & Thorndike, 1984). Thus, 

the Byrne Repression-Sensitization Scale equated and therefore confounded high 

trait-anxiety with sensitization and low trait-anxiety with repression (Slough et al., 

1984).  

 Weinberger, Schwartz, and  Davidson (1979) re-introduced scientific 

interest in ‘repression’ by operationalizing repressive coping as an explicit 

combination of trait-anxiety (Shortened Taylor Manifest Anxiety Scale: Bendig, 

1956) and social desirability as a form of defensiveness (Marlowe-Crowne Social 

Desirability Scale [MC-SDS]: Crowne & Marlowe, [1964]). Rather than 

controlling for (partial) overlap between repressiveness and anxiety/social 

desirability, this approach explicitly required repressors to have both low trait-

anxiety and high defensiveness. Thus, combining defensiveness and anxiety with 

two different questionnaires, four separate coping styles can be determined, 

according to Weinberger and others (1979): Repressive individuals (scoring low 

in trait anxiety and high in defensiveness), high-anxious individuals (high anxiety, 

low defensiveness), truly low-anxious individuals (low anxiety, low 

defensiveness), and defensive high-anxious individuals (high anxiety, high 
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defensiveness). The authors argued that accounting for defensiveness separates 

the reportedly low-anxious (i.e., repressors) from the (truly) low-anxious 

individuals, in contrast to their confounding in Byrne’s approach. A critical 

related finding in this study was that their repressive group (i.e., low anxiety, high 

defensiveness) not only under-reported trait anxiety, but also under-reported their 

subjective experience of anxiety during an experimental stress task, relative to 

showing physiologically high levels of anxious arousal. This was not the case for 

the other coping style groups tested (truly low anxious individuals or high anxious 

individuals). That is, Weinberger and others (1979) showed evidence for the 

existence of unacknowledged high anxiety in some (repressors) but not all (truly 

low-anxious) individuals who report low trait anxiety in a questionnaire. 

Whereas Weinberger and others (1979) were instrumental in introducing 

defensiveness as an integral part of the repressive coping style, other researchers 

have approached the classification of coping styles differently. Krohne (1993) 

proposed that ‘vigilance’ and ‘avoidance’ are two independent mechanisms to 

deal with stress and anxiety. Krohne’s ‘Model of Coping Modes’ (Krohne, 1986) 

forms the basis of the Mainz Coping Inventory – revised (R) (MCI-R; Krohne et 

al., 2000), the tool to measure vigilance and avoidance. Within this framework, 

vigilance is characterised as heightened awareness and preparatory scanning of 

stress-related information in the environment with an assumed underlying 

motivation to decrease uncertainty. Cognitive avoidance is defined as a coping 

strategy where an individual averts attention from threat-relevant cues, with the 

assumed underlying motivation to decrease arousal. The MCI-R assesses mean 

levels and cross-situational consistency of vigilant and avoidant stress-coping by 

presenting short vignettes of potentially threatening situations (e.g., “Imagine that 

you are riding in a car as a front-seat passenger next to an obviously 

inexperienced driver. Road conditions are poor due to snow and ice”) and asking 

for one’s most likely reaction (e.g., “I tell myself 'Thank goodness, he is not 

driving that fast.'“[avoidant]; “I watch the driver carefully and try to tell in 

advance when he is going to make a mistake” [vigilant]). The scores on the two 

dimensions reflect the person’s mode of coping, in four main modes: “Consistent 
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vigilance or sensitization” (high vigilance, low avoidance); “consistent cognitive 

avoidance or repression” (low vigilance, high avoidance); “fluctuating coping or 

high anxiety” (high vigilance, high avoidance); and “situation-related coping or 

low anxiety” (low vigilance, low avoidance; see Krohne et al., 2000). Thus, some 

of Byrne’s original terminology (repression – sensitization) is retained in the 

MCI-R, with repressors here being defined as people who consistently use 

cognitive avoidance behaviour to deal with stressful situations. However, it 

should be noted that some of the initial criticism of Byrne’s classification also 

translates to the MCI-R; that is, avoidant (i.e., repressive) coping in the MCI-R is 

often negatively correlated with trait anxiety, again confounding the two 

constructs (Bijttebier, Vertommen, & Steene, 2001; Hock & Krohne, 2004; Paul 

et al., 2011). For this reason, the MCI-R was not further pursued in my thesis. 

Following suggestions by Weinberger and others (1979), repressive coping is 

defined here as: 

 

Coping with a stressful situation by not acknowledging its anxiety-

provoking effects in oneself.  

 

1.3. Measurement of the Repressive Coping Style 

 A problem in repressive coping style research is the lack of consistency in 

the choice of the various questionnaires (or combinations of questionnaires). Even 

among studies that used the same method, there is considerable variability in how 

precisely repressive coping is demarcated against other styles. For example, 

following Weinberger et al. (1979), many studies pre-screen a large number of 

potential participants prior to an experiment and choose those who fall into each 

coping style group based on median, tertiary splits, or quartile splits of all scores 

on questionnaires measuring anxiety (then categorized as ‘low’ or ‘high’) and 

defensiveness (‘low’ or ‘high’), thereby omitting people with non-extreme scores 

(Derakshan & Eysenck, 1997; Myers & Brewin, 1994, 1996; Myers & Derakshan, 

2004). The scores used as cut-offs are therefore relatively arbitrary and depend on 

the base sample they were derived from. Modern personality psychology, 
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including research in personality disorders, generally advocates personality 

dimensions rather than distinct and stable types or categories (Trull & Durrett, 

2005; Widiger & Samuel, 2005). As such, to bypass Weinberger’s categorization 

method, Mendolia (2002) proposed the Index of Self-Regulation of Emotion 

(ISE), a simple linear combination of defensiveness and anxiety scale scores. The 

ISE treats coping style as a continuum with individuals who do not distance 

themselves from experiencing emotionally threatening events on the low end of 

the ISE, and individuals who do distance themselves from negative emotional 

experiences on the high end (Mendolia, 2002). Cross-validated against 

Weinberger and colleagues’ (1979) typology, repressors scored highest in the ISE 

and high-anxious individuals scored lowest. Defensive high-anxious and low-

anxious individuals were adjacent groups in the middle ISE ranges. Although the 

ISE offers a more realistic gradient of coping style and bypasses arbitrary 

grouping cut-off scores, its counterintuitive clustering of low anxious and 

defensive high anxious individuals next to each other (i.e., two groups that show 

divergent answers in both anxiety and defensiveness scales) is difficult to 

interpret. Furthermore, it still relies on self-reported anxiety and defensiveness. 

This is inherently problematic as according to Weinberger and others (1979), one 

of the core assumptions of the repressive coping style is that repressive 

individuals should be unable and/or unwilling to report their true levels of 

anxiety. That is, asking for self-report from individuals whose self-report is 

unreliable remains problematic even if including a measure of defensiveness.  

Thus, to avoid solely relying on questionnaires, a discrepancy measure 

between self-reported and physiological levels of anxiety or stress can be used. A 

relatively consensual finding in a large body of research has been that repressors, 

compared to different groups of non-repressors, exhibit relatively low levels of 

reported stress in conjunction with high physiological stress responses (Asendorpf 

& Scherer, 1983; Brosschot & Janssen, 1998; Gudjonsson, 1981; Pauls & 

Stemmler, 2003; Weinberger et al., 1979). Common physiological stress measures 

include skin conductance level (Coifman, Bonanno, Ray, & Gross, 2007; 

Gudjonsson, 1981; Jorgensen & Zachariae, 2006; Pauls & Stemmler, 2003; 
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Weinberger et al., 1979), heart rate (Fuller, 1992;  Weinberger et al., 1979), heart 

rate variability (Fuller, 1992; Jorgensen & Zachariae, 2006; Schwerdtfeger & 

Derakshan, 2010), and muscle tension (Pauls & Stemmler, 2003; Weinberger et 

al., 1979). Of these measures, arousal-induced skin conductance levels seem to be 

the most reliable indicator to successfully differentiate between repressors and 

non-repressors (Barger, Kircher, & Croyle, 1997).  

 To test how a questionnaire-based grouping was reflected in discrepancy 

scores between reported and physiological stress levels, Gudjonsson (1981) first 

used conventional anxiety (TMAS) and defensiveness (MC-SDS) scales and then 

divided participants into coping style groups based on the discrepancy between 

their physiological arousal and self-reported affect in response to emotionally 

disturbing stimuli. As expected, questionnaire-based repressors had elevated SCL 

but reported little subjective negative mood. Similarly, Brosschot & Janssen 

(1998) found greater discrepancy between physiological and emotional distress in 

individuals categorized as repressors by defensiveness (MC-SDS) and trait 

anxiety (trait version of the State-Trait-Anxiety Inventory, STAI; Spielberger, 

Gorsuch, Lushene, Vagg, & Jacobs, 1983) scales, compared to the non-repressor 

group. Thus, discrepancy scores that calculate the difference between self-

reported and more objective physiological stress indices avoid some of the 

ambiguities in delineating coping styles based on questionnaires alone.  

This approach has very rarely been implemented as an alternative to 

questionnaire measures of repressive coping (rather than as an outcome). One 

exception is a study by Coifman and others (2007) who measured repressive 

coping as an affective-autonomic response discrepancy (AARD) defined as the 

difference between reported affect and skin conductance response during stressful 

laboratory tasks. Using this approach, Coifman and colleagues (2007) were able 

to test parametric effects of skin conductance responses, self-reported stress, as 

well as their interaction (the AARD) on their dependent measures of interest (in 

this case, levels of emotional adjustment after bereavement experiences). I 

adapted this approach in my thesis and aim to assess coping style along a 

continuum of autonomic-response discrepancy in the context of a stress task.  
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1.4 Cognitive Biases in Repressive Coping 

The following sections give an overview on cognitive research in 

individuals with repressive coping style. The framework I used to organize these 

findings follows one of the most prominent current theories for cognitive biases in 

repressive coping style, the Vigilance-Avoidance Theory (Derakshan, Eysenck, & 

Myers, 2007). This theory was developed primarily based on attentional 

processing changes in repressors, which are discussed prior to memory 

alterations. First, an overview on Vigilance-Avoidance Theory is provided. 

 

1.4.1 The Vigilance-Avoidance Theory 

The Vigilance-Avoidance Theory was proposed to explain patterns of 

emotional information processing that may facilitate the discrepancy between 

repressors’ reported distress and their physiological stress (Derakshan et al., 

2007). The Vigilance-Avoidance Theory originated in Eysenck’s theory of 

anxiety (M. W. Eysenck, 1997). He proposed that the amount of anxiety 

experienced by a person depends on the level of attention and interpretation of 

their environment, physiological arousal, and the potential for future threat. The 

Vigilance-Avoidance Theory defines two stages of information processing 

specific to repressive coping: (1) ‘Vigilance’ is here understood as a quick 

automatic orientation towards a self-relevant threat with the goal to detect it fast. 

(2) ‘Avoidance’ refers to controlled and strategic allocation of attention away 

from self-relevant threat. Both processes are thought to be initiated sequentially 

(see Figure 1).  
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Figure 1. Information processing according to the Vigilance-Avoidance Theory 

showing the two separate stages of vigilance and avoidance in relation to 

perceived self-threat (from Derakshan et al. [2007], p. 1590) 

According to the Vigilance-Avoidance Theory, psychophysiological 

discrepancy occurs in repressors because physiological arousal (e.g., as measured 

by skin conductance changes) indicates the bodily, non-controllable stress 

response elicited by the detection of threat (vigilance), while self-report measures 

conscious control (avoidance). According to this theory, repressors exhibit a 

stress response to threatening stimuli and as a result they avoid further processing 

of the threat to reduce the likelihood of experiencing the associated arousal. Thus, 

the Vigilance-Avoidance Theory agrees with Freudian (Freud, 1957/1915) 

conceptions of repression, Weinberger and others (1979) as well as Krohne’s 

(1993) model of coping modes in assuming that the underlying motivation of a 

repressive avoidance is the unwillingness to experience or express emotional 

arousal related to (self-relevant) threat. The lack of attention to threatening 

environmental stimuli, especially when neutral alternatives are present, provides 

repressors with the option to avoid experiencing internal negative states like 

feelings of anxiety (Derakshan et al., 2007). Although the Vigilance-Avoidance 

Theory focuses on the self-relevant threat, studies using non-self-relevant yet 
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negative stimuli have also shown avoidant biases in attention (Avero, Corace, 

Endler, & Calvo, 2003; Hock & Egloff, 1998; Kline, Allen, & Schwartz, 1998; 

Mogg et al., 2000) and memory (Hertel & McDaniel, 2010; Krohne & Hock, 

2008; Mogg et al., 2000) in repressors. Thus, although vigilance-avoidance 

mechanisms apply particularly to self-relevant threat processing in repressive 

coping, this way of processing negative information may extend to non-explicitly 

self-related information. 

 

1.4.2 Attention Biases in Repressive Coping Style 

Most consistent support for the Vigilance-Avoidance Theory comes from 

attention studies comparing repressive individuals to other coping styles. Across 

different experimental setups, repressors have been found to be faster in detecting 

threatening stimuli initially and then to more quickly avoid further processing, 

compared to non-repressive individuals (Avero et al., 2003; Derakshan, Feldman, 

Campbell, & Lipp, 2003; Hock & Egloff, 1998; Kline et al., 1998; Mogg et al., 

2000). For example, Kline and others (1998) found that repressive individuals 

(classified via the Eysenck Personality Questionnaire, H. J. Eysenck & Eysenck 

[1964]) were better than non-repressive participants at identifying unpleasant 

compared to pleasant words, even when words were quickly masked by a 

subsequent neutral stimulus. Hock and Egloff (1998) found enhanced 

performance (vigilance) in repressors (classified by STAI-T and MC-SDS) for 

threat-related items in a lexical decision task, compared to a recognition memory 

task. That is, finding implicit memory (priming assessed via lexical decision) 

biased towards threat and explicit memory (recognition) biased against threat 

may be interpreted as another indication of vigilance-avoidance patterns in 

repressors (but see Fujiwara et al. [2008] who found no differential priming for 

negative self-relevant threat in repressors). Both of these studies argue that 

repressors may show enhanced early processing specific to emotionally arousing 

negative items, possibly in combination with a later-stage avoidance. 

A few fMRI studies have investigated the neurological basis of potential 

repressor-unique threat processing. Rauch and others (2007) tested repressors and 
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sensitizers (categorized using the MCI-R) during the perception of threatening 

and non-threatening emotional faces in a passive viewing task. Faces were either 

shown below detection threshold (masked condition: exposure to the faces was 

limited to 33 msec, at which time a neutral facial expression was shown to mask 

for the initial face) or above threshold (unmasked condition: 500 msec exposure 

to each face without a mask). Repressors had greater cortical activity in temporo-

occipital regions during processing of fearful (but also of happy) facial emotions 

than sensitizers, in both the masked and unmasked conditions. These findings 

were argued to reflect greater engagement of visual processing of fearful (and 

happy) faces in repressors (i.e., vigilance). In the unmasked condition only, 

repressors also showed a trend effect (p =0.054) of reduced amygdala activation 

in response to fearful (vs. neutral) faces compared to sensitizers. Subsequent time 

series analyses between blood-oxygen-level dependent (BOLD) responses in the 

amygdala and prefrontal cortex activation (Brodmann area 10) during unmasked 

fearful face processing found a significantly stronger coupling in repressors than 

in sensitizers. As repressors’ amygdala activity showed a trend of lower 

activation, this finding suggested that perhaps repressors showed more effective 

down-regulation of amygdala activity via the prefrontal cortex than sensitizers, at 

least when the fearful images were consciously processed. This finding provides 

some evidence for the existence of a (late-onset) cognitive avoidance of fear-

related information in repressors.  

A follow-up fMRI study by Paul and colleagues (2011) investigated 

specifically only the vigilance portion of the Vigilance-Avoidance Theory with a 

similar but higher-powered experimental design, using only masked (33 msec) 

presentations of fearful, angry, happy, and neutral faces. Repressors were 

classified via the MCI-R and contrasted with sensitizers. Repressors exhibited 

stronger BOLD responses than sensitizers to all emotional faces (angry, fearful, 

happy) compared to neutral faces. Brain regions showing this effect spanned 

frontal, parietal and temporal lobe regions, as well as anterior cingulate cortex, 

areas of the basal ganglia and the insula. To establish whether repressors’ BOLD 

responses may show selectivity to potential threat (i.e., angry and fearful faces), 
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an additional contrast showed that repressors also had stronger activations during 

angry face processing than happy face processing, compared to sensitizers. 

Behaviourally, repressors and sensitizers both exhibited chance level performance 

in identifying the emotion of the faces. Thus, repressors were not better at 

consciously detecting emotional faces despite showing stronger activation of 

several cortical areas, including prefrontal and anterior cingulate cortex areas 

involved in emotion regulation, compared to sensitizers. These findings may 

imply a hypersensitivity in automatic processing of facial stimuli in repressors, 

i.e., the vigilance portion of the Vigilance-Avoidance Theory, and especially so 

when the faces exhibit anger. Paul and others (2011) speculate that in repressors 

specifically, a defensive or ‘avoidant’ process may already be initiated 

immediately after the initial, presumably unconscious, registration of a briefly 

flashed emotional stimulus. This interpretation remains speculative as there was 

no explicit test of cross-regional functional interactions such as the time-series 

analysis in Rauch and others (2007).  

Several studies of rhythmic electroencephalography (EEG) pointed to 

differences between coping style groups. Without a concurrent task, these studies 

found higher left frontal than right hemispheric activity (e.g., power in the alpha 

band) in high defensive individuals, which was usually interpreted as higher 

dispositional levels of emotional control (avoidance) (Blackhart & Kline, 2005; 

Kline, Knapp-Kline, Schwartz, & Russek, 2001; Pauls, Wacker, & Crost, 2005; 

Tomarken & Davidson, 1994). In conjunction with an emotional Stroop task, 

Vendemia & Rodriguez (2010) used EEG to assess differences between coping 

styles (repressors, low-anxious, high-anxious, classified by MC-SDS and STAI; 

females only). Repressors showed higher power in right frontal alpha and in right 

temporal-posterior beta (specific to negative words) than non-repressors, but no 

differences in reaction time. The frontal increase in power in the alpha range was 

tentatively interpreted as indicating increased attentional control. The posterior 

beta effect, being considered as indicator of emotional processing and vigilance 

(Crawford, Clarke, & Kitner-Triolo, 1996), was proposed to be associated with 

repressors’ task vigilance specific to threatening stimuli.  
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Taken together, fMRI and EEG findings point to both early sensitivity to 

emotional stimuli in repressors and mixed evidence for an increased engagement 

of inhibitory processes in early processing stages (Paul et al., 2011) or later 

processing stages (Rauch et al., 2007), but from these studies it remains unclear 

when and how these processes engage each other.  

A few behavioural studies have investigated the potential switch from 

vigilance to avoidance. As such, Calvo & Eysenck (2000) used a sentence-

completion task where participants (classified by STAI-T & MC-SDS) read a 

word following a sentence fragment. The sentence, if completed with the word, 

could have a threatening or a non-threatening meaning. The to-be-named 

completion word was presented at varying delays of 50 msec, 550 msec, or 1050 

msec after each sentence fragment. Repressors showed faster naming of threat-

implying words than non-repressors, but only when the word was presented after 

550 msec. High-anxious participants showed faster threat-naming latency after 

word presentation with a 1050 msec delay. Low-anxious participants never 

showed faster naming of threat compared to non-threat implying words. Thus, 

repressors showed facilitated early processing of threat, a bias that was shown by 

high anxious individuals only later on, at which time repressors had resolved their 

initial vigilance and no longer had a naming advantage for threat implications. 

Calvo and Eysenck (2000) conclude that high-anxious individuals have a 

continued bias towards threat, low-anxious have a stable bias towards non-threat, 

and repressors exhibit a unique early bias towards threat followed by avoidance of 

threat (see also Caldwell & Newman, 2005). 

Another method to investigate the switch from vigilance to avoidance was 

a study by Schwerdtfeger and Derakshan (2010) using an attentional cuing 

paradigm (i.e., measuring selective attention) with cue-target onset asynchronies 

of 250 msec and 750 msec. They demonstrated that repressive coping was 

associated with faster detection of a dot-target appearing in the same location as a 

preceding angry (but not neutral) face-cue in the 250 msec condition, but with 

slower detection in the 750 msec condition. That is, early vigilance (at or before 

250 msec in this task) and later avoidance (at or later than 750 msec) was found to 
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be associated with repressive coping in this study. Although the timeline of shift 

to avoidance is largely determined by the nature and timing of the task, these 

studies support the notion that repressors might show attentional vigilance for 

threat cues, and at some point they switch to attentional avoidance of threat.  

A few limitations should be mentioned here. First, studies using 

adaptations of Wegner’s thought suppression paradigm (Wegner, Schneider, 

Carter, & White, 1987; Wenzlaff & Wegner, 2000) showed that while repressors 

were better able than non-repressors in consciously suppressing (i.e., avoiding) 

negative thoughts they were told not to think about (Geraerts, Merckelbach, 

Jelicic, & Habets, 2007), they also experienced increased re-bound of these 

thoughts (Geraerts, Merckelbach, Jelicic, & Smeets, 2006). That is, even if some 

form of attentional avoidance is exerted more effectively by repressors, this does 

not necessarily imply actual deletion of the avoided thought content. Furthermore, 

attentional vigilance-avoidance patterns are not as specific to repressors as 

presented in the Vigilance-Avoidance Theory. Such attentional patterns can also 

be found in high-anxious individuals (Bradley, Mogg, Falla, & Hamilton, 1998; 

Ioannou, Mogg, & Bradley, 2004; Terburg, Aarts, & van Honk, 2012). To give an 

example, Terburg and others (2012) investigated the hypervigilance-avoidance 

theory of anxiety using an eye-tracking paradigm and recorded gaze patterns in 

response to angry and neutral faces in high-anxious people. Terburg and 

colleagues found a positive correlation between trait-anxiety (assessed with the 

STAI) and vigilance-avoidance eye gaze patterns to angry but not neutral faces 

(see also: Ioannou et al., 2004). Research on vigilance-avoidance in anxiety stems 

from Eysenck’s theory of anxiety (M. W. Eysenck, 1997) and Mogg, Bradley, de 

Bono, and Painter’s (1997) proposal of the hypervigilance-avoidance theory of 

anxiety. Both theories postulate quick detection of threat followed by subsequent 

avoidance in high anxious individuals. That is, they propose a mechanism of high 

anxiety that is similar to the mechanism of repressive coping style proposed by 

the Vigilance-Avoidance Theory.  

Taken together, despite a variety of findings suggestive of vigilance-

avoidance patterns in attention to threat in repressive coping, further clarification 
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is needed regarding the exact nature and uniqueness of such biases to individuals 

with a repressive coping style. 

 

1.4.3 Memory Biases in Repressive Coping Style 

The Vigilance-Avoidance Theory offers an explanation for repressive 

coping at attentional processing stages, or – in memory terminology – at the 

‘encoding’ stage, but how these initial behaviours may or may not influence later 

memory remains speculative.  

Memory findings in repressive individuals are variable: reductions in 

memory for negative information are most obvious if repressors are asked to 

retrieve personally relevant negative information such as negative life events 

(Davis, 1990; Davis & Schwartz, 1987; Myers & Brewin, 1994) or self-relevant 

experimental stimuli (Alston et al., 2013; Fujiwara et al., 2008; Saunders, Worth, 

& Fernandes, 2012), as opposed to simply negative information (e.g., Brosschot, 

De Ruiter, & Kindt, 1999). In addition, free recall is more consistently impaired 

than less strategic forms of memory retrieval (Alston et al., 2013; Fujiwara et al., 

2008; Oldenburg, Lundh, & Kivisto, 2002; Saunders et al., 2012). As alluded to 

already, different paradigms targeting the deliberate forgetting of negative 

information have shown that repressors, when told to do so, are better than groups 

of non-repressors in forgetting or suppressing negative, and especially self-

relevant negative information (Barnier, Levin, & Maher, 2004; Geraerts et al., 

2007; Geraerts et al., 2006; Hertel & McDaniel, 2010; Myers, Brewin, & Power, 

1998). An open question is how attentional vigilance-avoidance patterns of threat 

processing in repressive individuals may or may not relate to their memory for 

that same information.  

Derakshan and others (2007) propose that memory biases in repressors 

might be driven by inhibition at retrieval (i.e., late avoidance after successful 

initial encoding) rather than at encoding. There are experimental findings in 

accordance with this view (e.g., Davis & Schwartz, 1987; Fujiwara et al., 2008; 

Geraerts et al., 2006; Shane & Peterson, 2004), resonating with psychodynamic 

suggestions of repression as a way to sever access to, but not availability of, 
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unpleasant memories. List-methods directed forgetting studies in repressive 

coping style also point to repressive coping style as influencing the retrieval-stage 

rather than the encoding stage. For example, Myers, Brewin, and Power (1998) 

asked individuals to learn a list of negative and positive words and then told to 

forget these words. Then they asked them to learn another, designated the to-be-

remembered list also consisting of negative and positive words. Their findings 

showed that repressors had lower memory than non-repressors for negative words 

from the to-be-forgotten list, but intact memory for negative words from the to-be 

remembered list. Since the instruction to forget the first list is given after 

encoding, effects of forgetting are thought to be retrieval-based. Thus, these 

repressor-specific findings may indicate a selective ability of repressors to inhibit 

negative memories at the retrieval stage and not at encoding (see Myers & 

Derakshan [2004], for further qualifications of this effect). 

However, memory biases in repressors may also stem from attention 

biases at encoding that will then necessarily reduce later retrieval. As such 

Schimmack and Hartmann (1997) found that repressors rated the presence of 

unpleasant emotions in hypothetical scenarios less frequently, but not less 

intensely than non-repressive individuals; this pattern was replicated in a more 

natural, daily diary study, again with repressors simply reporting fewer but not 

less intense emotional experiences in their daily life. Their memory for emotional 

experiences was not disproportionately impoverished when taking into account 

that repressors had fewer emotional experiences to begin with. That is, according 

to Schimmack and Hartmann’s (1997) frequency hypothesis, repressors’ memory 

biases were simply a reflection of quantitatively fewer encoded unpleasant 

memories. Hansen and Hansen (1988; see also Egloff & Krohne, 1996; Hansen, 

Hansen, & Shantz, 1992) also suggested that repressors’ encoding may drive their 

memory biases, but they proposed qualitative differences from non-repressors. 

Their studies showed repressors had oversimplified conceptualisations of 

emotions. Repressors identified and acknowledged secondary emotional 

connotations of autobiographical memories or emotional facial expressions to a 

lesser extent than non-repressors (e.g., the amount of experienced anger in a 
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fearful situation; the amount of sadness in a happy facial expression, etc.). Thus, 

these studies proposed that repressors may possess impoverished associative 

networks into which emotional memories are being encoded and consequently, 

fewer retrieval cues to access such memories. Derakshan and others (2007) in turn 

argue these findings could imply that the avoidance aspect of attentional 

vigilance-avoidance may hinder complete encoding of negative information and 

therefore result in repressors reporting fewer incidences of emotional discomfort 

during an experimental task or in daily life. By avoiding stimuli that elicit 

negative emotional arousal, repressors would have deficient encoding of negative 

information (and consequently, less to recall later on). This would imply that 

measures of attention (to threat) should be positively correlated with later 

memory. To put it differently, the more a repressive individual would exhibit 

attentional avoidance, the more they would also show later forgetting of that same 

information.  

Yet another possibility is that instead of processing differences at 

encoding or retrieval, repressors encode negative information but process it 

differently during the delay before later recall. Hock (1996) proposed the 

repressive discontinuity hypothesis, to account for threat-specific memory 

reductions in repressive individuals that may evolve only after some time has 

passed. The main underlying findings for this hypothesis come from studies that 

found repressors (compared to sensitizers according to the MCI) to have intact 

memory for threat information immediately after encoding, but decreased 

memory for threat at delayed test intervals (Hock & Krohne, 2004; Krohne & 

Hock, 2008; Peters, Hock, & Krohne, 2012; but see Alston et al., 2013). The 

repressive discontinuity hypothesis then postulates that repressors are perceptually 

vigilant to threat in early information processing stages (note: vigilance here 

spanning the entire timeframe of encoding), but that this vigilance may serve to 

selectively inhibit (i.e., avoid) further processing afterwards, e.g., due to selective 

non-rehearsal during memory consolidation phases Thus, the combination of 

these processes according to the repressive discontinuity hypothesis would keep 

immediate retrieval of negative or threatening information intact but impoverish 
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delayed memory retrieval (Hock & Krohne, 2004; Krohne & Hock, 2008; Peters 

et al., 2012). This hypothesis suggests a cognitive mechanism after encoding that 

may selectively inhibit later negative memories from being recalled.  

In summary, although a host of cognitive research in repressive coping 

style exists, the majority of studies focused either on early stages of information 

processing like perception, attention, and encoding or on later-stage memory 

retrieval. The principled approach to these findings via the Vigilance-Avoidance 

Theory is useful, but the terminology surrounding ‘vigilance’ and ‘avoidance’ is 

quite inconsistent across studies: Cycles of “vigilance-avoidance” have been 

proposed to take place during very short-lasting subliminal processing of 

emotional stimuli (Paul et al., 2011) up to a timescale of multiple days between 

“early vigilance” and “late avoidance” (Krohne & Hock, 2008). Even though the 

experimental parameters may dictate differences like these, the divergent uses of 

the same terms make it very difficult to compare and evaluate across studies 

whether and under what circumstances there are indeed differentiable early/late 

processing biases regarding negative information in repressive coping style. 

Furthermore, the link between early attention (encoding) to threat and later 

memory of that same information is not clear. The most direct way to test 

potential contingencies between such processes in repressive coping is to assess 

them both together. This is the approach I take here, using a combination of 

behavioural and eye-tracking measures of visual attention together with later free 

recall and recognition memory tasks.  

 

The focus of my study is to understand the differential effect of emotion 

on attention and later memory as a function of a repressive stress coping style. 

Potential coping style-specific attentional shifts from early engagement to later 

avoidance of threat processing and their link to later memory are not clear. Thus, I 

aim to investigate visual attention patterns towards negative information and 

memory for negative information as a function of a repressive coping style. Then, 

I will investigate whether the link between attention and memory changes as a 

function of repressive coping style.  
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1.5 Hypotheses 

I had the following hypotheses for my study: The set of predictions in Hypothesis 

1 include validation of my task parameters. Hypotheses 2 and 3 pertain to specific 

predictions regarding emotion-cognition interactions as a function of repressive 

coping style. As the eye-tracking-based emotional subsequent memory effects 

have not been studied, targeting the modulation of such effect by repressive 

coping style remained an exploratory aim rather than a directional hypothesis. 

 

Hypothesis 1- Task Validation: I predict that compared to neutral pictures, 

negative pictures will attract more visual attention. Presenting visual distractors 

during encoding will reduce picture viewing time. Emotional pictures will be 

better recalled and recognised than neutral pictures. Viewing time of pictures will 

be predictive of later recall and recognition. This effect will be stronger for 

negative than neutral pictures. 

 

Hypothesis 2- Autonomic-Response Dissociation: I predict that individuals with 

a questionnaire-based repressive coping style (high defensiveness, low trait 

anxiety) will show an autonomic-response discrepancy (ARD) between 

physiological (SCL) and self-reported measures of stress after a stress induction 

task. Repressors will underreport physiological stress levels. 

 

Hypothesis 3a- Attention: Vigilance-Avoidance Theory during attention predicts 

that ARD (higher levels of repressive coping) shortens the time of initial eye gaze 

fixations for negative but not neutral pictures (threat vigilance), but also reduces 

total viewing time for negative pictures, especially when presented with visual 

distractors (threat avoidance).  

 

Hypothesis 3b- Memory: I predict a negative correlation between ARD and 

memory (free recall and recognition) for negative pictures but not for neutral 

pictures. 
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Additional Aim – Attention-Memory Link: I further explore whether a 

subsequent memory effect based on picture viewing time is correlated with ARD 

and qualified by the valence of the stimuli and the presence of visual distractors. 
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2. METHODS 

 

2.1 Participants 

Participants were 120 introductory psychology students at the University 

of Alberta. The study was approved by the University of Alberta Research Ethics 

Board. In online testing sessions at the beginning of fall 2012 and winter 2013 

semesters, all students enrolled in an introductory psychology course (a total of 

2473 in fall 2012, and 1786 in winter 2013) completed the Self-Deceptive 

Enhancement (SDE) component of the Balanced Inventory of Desirable 

Responding scale (BIDR; Paulhus, 1991) and the Trait version of the State-Trait 

Anxiety Inventory (STAI-T; Spielberger et al., 1983). The BIDR-SDE consists of 

twenty 7-point scaled statements that measure self-deceptive aspects of social 

desirability, such as beliefs of invincibility and exaggerated optimism (maximum 

score: 140). The STAI-T consists of twenty 4-point scaled statements measuring 

trait-anxiety (maximum score: 80). Both scales (see Appendix 3 for STAI-T and 

BIDR-SDE example items) have been used in prior studies to select individuals 

with a repressive coping style (Alston et al., 2013; Fujiwara et al., 2008). Only 

students under the age of 30, without colour-blindness, and with complete 

demographic/questionnaire data were included.  

Participants were categorized into the four coping styles according to 

Weinberger’s classification scheme (Weinberger et al., 1979) based on quartile 

splits of BIDR-SDE scores (cut-off: 76 and 91 points, for lowest and highest 

quartile) and median splits on STAI-T scores (44 points) of the 738 eligible 

students tested in the 2012 fall semester. The selection of participants in the 2013 

winter term used the same cut-off scores to ensure consistency across samples. 

Participants in each semester were classified as repressors (REP: low-anxious, 

high-defensive), truly low-anxious (LA: low-anxious, low-defensive), truly high-

anxious (HA: high-anxious, low-defensive), defensive high-anxious (DHA: high-

anxious, high-defensive) individuals were not given access to the project due to 

their rarity within the population. Based on the BIDR-SDE and STAI-T cut-off 

scores, equally-sized groups of participants with one of the three coping styles 
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were given online access to self-enroll in the experiments in each semester. 

Students were not aware of the nature of the experiment at the time of self-

enrolling and experimenters were unaware of the participants’ coping style at the 

time of the experiment. Data from 13 participants were excluded: 5 had non-

usable eye-tracking data, 1 participant discontinued after encoding, 2 had 

computer malfunctions, and 5 misunderstood the tasks and did not complete them 

properly. Details on the final sample of 107 participants are summarized in Table 

1. 

Table 1. Demographic and questionnaire data of 107 participants 

 Repressors 

N=35 

High 

anxious 

N=44 

Low 

anxious 

N=28 

Test 

statistic 

Group 

differences 

Age M= 19.38 

± 1.61 

M= 19.27 

± 2.69 

M= 19.72 

± 2.89 

F[2,104] = 

0.30 

p = 0.74 

N/A 

Gender 

(female/ 

male) 

17/ 18 

 

28/16 15/13 χ
2
[2] = 1.51 

p = 0.47 

N/A 

STAI-T 
 

Md. = 39 

(Rg.= 32 – 

43) 

Md. = 52.5 

(Rg.= 45 – 

69) 

Md. = 42.5 

(Rg.= 27 – 

44) 

χ
2
[2] = 

81.57 

p < 0.001
1
 

LA = REP 

< HA
2
 

BIDR-

SDE 

Md. = 103  

(Rg. = 91 – 

121) 

Md. = 70.5  

(Rg.= 58 – 

76) 

Md. = 73.5 

(Rg.= 57 – 

76) 

χ
2
[2] = 

71.83 

p < 0.001
1
 

LA = HA < 

REP 
2
 

1
: Kruskall-Wallis Test. 

2
: Nonparametric post-hoc T+ tests correcting for all pairwise 

comparisons, M: Mean (Standard deviation); Md.: Median; N/A: not assessed; Rg.: Range 

 

As intended, high-anxious individuals scored higher in the STAI-T than 

low-anxious participants and repressors, but the latter two did not differ 

significantly from each other. In addition, low-anxious and high-anxious 

individuals both had similar levels of defensiveness, and both scored lower than 

repressors. Participants were selected based on these two questionnaires to 

validate whether coping style groups were differentiable by their autonomic-

response discrepancy.  
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2.2 Materials 

The following sections describe the materials used in the experiment.  

2.2.1 Pictures and Norming Task 

The stimuli for the encoding and recognition tasks were pictures from the 

International Affective Picture System ( IAPS; Lang et al., 1999) as well as freely 

available pictures from the internet. A total of 18 undergraduate students from the 

same introductory psychology course (12 female/ 6 male; age was available only 

for 13 participants and ranged from 18 to 21 years; M=19 ± 1.08, tested in the 

winter term 2012) participated in an initial picture norming task. Prior to the 

norming task, ethical conduct was ensured by a preparatory explanation, as I 

exposed participants to emotional pictures. Details of this procedure are given in 

Appendix 2. Preparatory instructions given to participants before consenting to 

participate in the norming or the main experiment. Exclusion criteria for these 

participants were impaired vision and age of more than 30 years.  

A total of 126 negative photos and 126 neutral photos were pre-selected 

for the norming task. Of these, 94 negative and 56 neutral pictures were from the 

International Affective Picture System (Lang, 2008). In addition, 32 negative and 

70 neutral pictures were selected from the internet to account for content-related 

dissimilarities between negative and neutral IAPS pictures (i.e., negative IAPS 

pictures are often very complex scenes with one or many humans, whereas neutral 

IAPS pictures are often less complex and may contain only one inanimate object). 

Selected negative pictures contained scenes of violence, upset youth, assault, and 

war, but not overly gruesome scenes, mutilations, etc., due to the nature of the test 

situation in the context of a course. Neutral images included café scenes, children 

doing homework, adults doing daily activities such as eating, driving, or working 

on files in an office. Initially, each individual negative picture was intended to 

match one neutral picture based on image content (number of people present, 

colour-scheme, etc.). For example, a neutral image could contain two people 

sitting around a campfire, and the matched negative image would be a man 

kneeling while on fire, next to a soldier. A precise one-to-one matching of neutral 

to negative pictures could not be maintained in the picture sets as average arousal 
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and valence ratings from the norming task dictated their final selection. As can be 

seen in Table 3, due to the content-based pre-selection of the pictures prior to 

norming, characteristics of the final pictures were still well-matched across sets. 

Each picture was edited to a square of 300 pixels by 300 pixels using Adobe 

Photoshop ®.  

Using a picture-rating procedure by Lang and colleagues (Lang et al., 

1999; Lang, Bradley, & Cuthbert, 2008) participants were asked to judge all 252 

pictures on two dimensions: valence and arousal. Judgements were made using 

two different nine-point non-verbal rating scales (Self-Assessment Manikins; 

SAM) for each dimension (see Appendix 1: Self-Assessment Manikin (SAM) scale 

to assess arousal and valence), administered on a computer. Pictures were presented 

centrally, in random order with no more than two pictures of the same valence in 

successive trials. Participants first rated each picture on valence and then on 

arousal or vice versa. Thus, each picture was rated twice but the order of the 

rating dimensions was counterbalanced across participants. The norming task was 

self-paced and administered on a computer with E-Prime, version 2.0.8.90 

(Schneider, Eschman, & Zuccolotto, 2002). As can be seen in Table 2, sets of 

encoding and recognition items were well-matched for valence and arousal. As 

intended, negative picture sets were rated substantially more negatively and more 

arousing than neutral pictures.  
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Table 2. Descriptive statistics of the valence and arousal ratings of fixed picture 

sets used in the encoding and recognition tasks. 

 M (SD)   Mini-

mum 

(1.0) 

Maxi-

mum 

(9.0) 

Test Statistic 

Arousal 

Ratings 

Encoding Negative 

(N= 80) 

5.75 (0.85)
a 

3.89 7.83  

Encoding Neutral 

(N= 80) 

2.00 (0.48)
b 

1.33 4.17 F[3,239]= 

491.2 

Recognition Negative 

(N= 40) 

5.64 (1.05)
a 

3.56 7.61 p< 0.001 

Recognition Neutral 

(N= 40) 

2.07 (0.58)
b 

1.33 3.67  

 

 

    

Valence 

Ratings 

 

Encoding Negative 

(N= 80) 

1.96 (0.49)
a 

1.39 3.83  

Encoding Neutral 

(N= 80) 

5.84 (0.44)
b 

4.56 6.94 F[3,239]= 

1058.7 

Recognition Negative 

(N= 40) 

2.14 (0.51)
a 

1.33 3.11 p< 0.001 

Recognition Neutral 

(N= 40) 

6.09 (0.78)
b 

4.28 7.00  

a, b
= Means that differ in lettering are significantly different from one another, p< 0.001; M= 

Mean; SD= Standard deviation; N= number of pictures 

 

Picture sets had comparable frequencies of several content-related feature, 

as shown in Table 3. 

Table 3. Picture content (categorization based on involvement of human 

characteristics). 

 

Enc.  

Neg.  

(N= 80) 

Enc.  

Neu.  

(N= 80) 

Recog.  

Neg.  

(N= 40) 

Recog.  

Neu.  

(N= 40) 

Test  

Statistic 

No people 12 16 8 6  

One person (face close-up) 19 24 11 11  

One person (whole body) 13 15 6 10 χ
2
[18] = 

Two people 11 7 6 8 13.23 

Group with central figure 11 4 3 2 p = 0.78 

Group of people 7 8 2 1  

Human body part 7 6 4 2  

Enc.= Encoding; N= number of pictures; Neg.= Negative; Neu.= Neutral; Recog.= Recognition. 
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In addition to the picture stimuli, the encoding task contained 160 

distractor images. These stimuli were pixel-by-pixel scrambled versions of the 

160 encoding task pictures created with a Matlab® script used in Dolcos and 

McCarthy (2006). This ensured that the 160 distractors had the same average 

spatial frequency and luminance as the encoding pictures. As visual memory for 

pictures was expected to be high, all pictures presented in the recognition task 

(target and lure pictures) were grey-scaled to increase task difficulty
2
. 

 

2.2.2 Additional Materials 

During the delay period (see below), participants filled out the Toronto 

Alexithymia Scale (Bagby, Parker, & Taylor, 1994) which assesses self-rated 

difficulties in understanding and identifying emotions. In addition, participants 

filled out the Dissociative Processes Scale (Harrison & Watson, 1992; Watson, 

2003) designed to identify dissociative characteristics in non-clinical populations. 

Neither of these questionnaires were used in the current thesis and will therefore 

not be discussed further. Paper-and-pencil maze tasks (Madan, Fujiwara, Gerson, 

& Caplan, 2012) were given during the delay period to participants who had 

completed the questionnaires prior to the end of the delay. These were filler tasks 

and not analyzed. 

2.3 Tasks 

The experiment was 90 to 120 minutes in duration and had a fixed 

sequence of tasks. Prior to the experiment, ethical conduct was ensured by the 

same preparatory explanation as in the picture norming task (see Appendix 2. 

Preparatory instructions given to participants before consenting to participate in 

the norming or the main experiment. for details). The experimental time-line is 

illustrated in Figure 2. 

 

                                                      
2
 Ratings in the picture norming task were done only on colour images. Therefore, the grey-scaling 

of the pictures for the recognition task may have changed their valence and arousal ratings.  
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Figure 2. The experimental time-line. VAS: Visual analogue scale. SCL: Skin 

conductance level. 

 

The experiment was conducted with one participant at a time in a private 

office in the Research Transition Facility at the University of Alberta. Tests were 

administered by myself or research assistant Nathan Bartlett. Both testers wore 

white lab coats to increase the salience of the stress induction task. All 

computerized tasks were programmed in E-Prime version 2.0.8.90 (Schneider, 

Eschmann, & Zuccolotto, 2002). A standard Windows laptop connected to an 

external keyboard and 19-inch LED computer monitor with a screen resolution of 

1440 pixels by 900 pixels were used to deliver the experimental tasks to the 

participants. The details of each part of the experiment are given below, in their 

order of administration. 

2.3.1 Stress Task 

Participants first completed a visual analogue scale (VAS), adopted from 

Coifman et al., (2007) and Jorgensen and  Zachariae (2006), where they were 

asked to indicate their levels of happiness, stress, strength, anxiety, interest, 

frustration, activity, helplessness, and embarrassment by placing an ‘X’ along a 

SCL 
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scale measuring 9 cm in length. The scale is illustrated in Figure 3. Two VAS 

scores were calculated, one for overall mood before stress and one for overall 

mood after stress. The VAS change scores were calculated individually for all 9 

domains by subtracting the VAS scores taken after the stress task from those 

taken before the stress task An overall mood reduction score was derived by 

taking the mean of all negative VAS change scores (stress, anxiety, frustration, 

helplessness, embarrassment) and subtracting the mean across positive VAS 

change scores (happiness, strength, interest, activity). The resulting VAS mood 

reduction score was therefore scaled so that a high score reflected an increase in 

reported negative mood after the stress induction compared to before. This overall 

VAS change score was normally distributed.  

 

Please rate how you felt during the math task by placing an ‘X’ on the line of the following 

scales. 

 

My level of happiness during the math task was:  

I did not feel happy         I felt very happy  

My level of stress during the math task was:  

I did not feel stress         I feel very high stress  

… 

 

Figure 3. A sample of a positive and a negative item from the visual analogue 

scale questions from the version following the stress task. 

 To measure physiological stress via electrodermal activity (EDA: skin 

conductance signals), participants had two electrodes placed on the volar surfaces 

of the distal phalanges of the middle and index fingers (left-hand for all 

participants regardless of handedness). Participants were then asked to restrict as 

much hand movement as possible for the next task. To establish a baseline skin 

conductance level, participants were asked to relax for 5 minutes. After the 

baseline, a 30-second task instruction (stress anticipation) was given. The task 

was described to participants using the following standardized instructions: 
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“For the next task we would like to assess an aspect of your intelligence. 

Your performance will be scored for speed and accuracy. When I say BEGIN you 

will start with the number 9000 and repeatedly subtract 13 in your head. Try to 

do this as quickly and accurately as possible. Every 30 seconds I will ask you to 

tell me the last number you have reached. Do you have any questions? Please 

begin.”  

 

The 6-minute stress-induction task ensued at approximately 5.5 minutes 

into the stress induction task. During the stress task, every 30 seconds the 

experimenter asked and noted which number they had reached. If participants had 

made an error they were asked to restart from 9000. In addition, every 2 minutes 

participants were interrupted and verbally reminded that both speed and accuracy 

were important. Afterwards, participants were asked to fill out the second VAS. 

Participants were then asked to relax for 5 minutes. 

Continuous recordings of EDA before, during, and after the stress task 

(i.e., baseline, stress anticipation during instruction, stress, relaxation) were 

measured using pre-gelled EL507 Ag/AgCl electrodes with 2 LEAD100A leads, 

connected to a Biopac MP150 hardware system with the GSR110C attached 

component. The GSR110C resistance setting was at 5 µƱ/V, high-pass filter set to 

off, DC (direct current), and a DC gain setting (Biopac Systems, 2000). EDA data 

was gathered on a separate laptop that was connected via Ethernet with the 

GSR110C and analyzed using AcqKnowledge 4.0 software (Biopac Systems 

Inc.). Analysis of the stress response was done using the tonic EDA, a continuous 

signal referred to as skin conductance level (SCL), caused by sweat secretion 

activated by the sympathetic nervous system in response to stress (Boucsein, 

2012). Readings of mean SCL amplitude (µSiemens) were acquired every second. 

In addition, mean SCL was binned into 10-second intervals as well as across four 

specific time intervals: baseline, instruction of task, stress task, and relax period. 

The baseline mean amplitude was subtracted from the amplitude during the stress 

task to determine the change in SCL and infer the participants’ physiological 
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stress reactivity. A higher SCL change score indicates greater increase in skin 

conductance during the stress task. SCL change scores were not normally 

distributed and therefore square-root transformed.  

 

2.3.2 Autonomic Response Discrepancy 

An index of autonomic response discrepancy (ARD) was calculated, 

following previous studies that compared self-reported stress and physiological 

stress in the context of repressive (and non-repressive) stress coping style 

(Asendorpf & Scherer, 1983; Brosschot & Janssen, 1998; Coifman et al., 2007; 

Gudjonsson, 1981; Jorgensen & Zachariae, 2006; Pauls & Stemmler, 2003). 

Repressors are often found to be those who exhibit under-reporting of 

physiological stress compared to other coping style groups. Therefore the 

discrepancy between self-reported and physiological stress can be a continuous 

representation of repressive coping style. First, each individual’s SCL change 

score was z-transformed based on the entire group’s average SCL change from 

baseline to stress task. Secondly, the VAS change scores were z-transformed 

based on average increase in negative mood after the stress induction task, the 

VAS change score, in the entire group. The ARD was derived by adding the two 

z-transformed VAS and SCL change scores, reflecting the degree of autonomic 

(SCL) and response (VAS) discrepancy. Higher ARD scores represent a relative 

under-reporting of stress (more physiological arousal during the stress task 

compared to the average of all participants and less self-reported negative mood 

compared to all participants) and lower scores represent over-reporting of stress. 

Therefore an individual’s ARD score represents their autonomic response 

discrepancy, along a continuum, in comparison to all participants in this 

experiment. 

 

2.3.3 Attention/Encoding Task 

The encoding task consisted of 160 trials. Stimuli contained the fixed set 

of 80 negative pictures, 80 neutral pictures, and 160 scrambled images 

(distractors). Stimuli were presented in random order, with no more than two 
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pictures of the same valence presented in succession. Distractors were re-used 

throughout the task, but no two identical distractors were shown in the same trial. 

Screen locations occupied by the stimuli were one of four quadrants (pixel 

coordinates beginning with x and y at zero in top left corner of screen. The 

stimulus coordinates were as follows: quadrant 1: x= 290-590, y= 20-320, 

quadrant 2: x= 850-1150, y= 20-320, quadrant 3: x= 290-590, y= 580-880, 

quadrant 4: x= 850-1150, y= 580-880). Appearance of pictures or distractors in 

each of the four quadrants was randomized, but pictures in successive trials were 

not shown in the same location. 

After a 500 msec fixation cross, stimuli were presented on the screen for a 

fixed period of 5 seconds. In each trial, 1 picture (negative or neutral) was shown 

either alone or accompanied by 1, 2, or 3 distractors. Participants were asked to 

count the number of all items (i.e., 1, 2, 3, or 4) on the computer screen using the 

F, Y, U, and K keys on the keyboard, which were covered with numbered stickers 

(1, 2, 3, and 4, respectively). Incorrect trials and those with response times shorter 

than 200 msec post-stimulus onset were excluded. The trial sequence in the 

encoding task is outlined in Figure 4.  
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Figure 4. Two example trials in the encoding task.  

Eye-tracking recordings were acquired during the encoding task only. A 

SmartEye eye-tracking system was used (www.smarteye.se). Eye-tracking data 

were recorded with SmartEye extension for E-Prime (v.2.0.8.90) and with 

SmartEye Pro 5.9 ® software, on a dedicated desktop computer connected to the 

hardware. The hardware consisted of two Sony HR-50 12 mm lens infrared lights 

on the left and right edges of the computer screen and two infrared cameras, 

operating at 60 Hz. Cameras, positioned underneath the computer screen, detected 

the infrared light reflected from the participant’s face. The reflections of the 

infrared lights, termed “glints”, on the cornea provide a reference point for the 

SmartEye system which is then able to locate the pupil in each eye. The 

movement of the glints recorded by the infrared cameras are used to infer gaze 

direction. To ensure the most accurate data acquisition, an individual head model 
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was created for each participant, using facial features (eyes, nostrils, mouth: see 

Figure 5).      

        

 

Figure 5. Individual facial features detected along with pupil dilation (yellow) 

and eye gaze location (red lines) by the SmartEye Pro software. 

 

The setup provided approximately 180° field of view. The eye-tracker was 

synchronized with the laptop operating the stimulus delivery (see Figure 6 for an 

illustration of the setup).  

 

 

Figure 6. The eye-tracking hardware setup. 
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Eye-tracking data was recorded at 60 Hz in the form of x and y 

coordinates representing the participant’s eye fixation to areas within the 

computer screen. Fixations were defined as a gaze velocity below 15 degrees of 

change per second and calculated using a velocity-based algorithm provided by 

SmartEye. The location of fixations was determined by calculating whether the 

coordinates of the participant’s gaze fell within or outside the range of the x- and 

y- coordinates of the quadrant occupied by the picture. Three dependent variables 

were calculated: The sum of all fixations to pictures per trial (i.e., the total amount 

of time that fixation coordinates fell within a picture’s coordinates), the sum of all 

fixations to non-picture screen locations per trial and the time-point of the first 

picture fixation per trial. 

 

2.3.4 Delay 

During a fixed delay period of 10 minutes following the encoding task, 

participants filled out the Toronto Alexithymia Scale (Bagby et al., 1994) and the 

Dissociative Processes Scale (Harrison & Watson, 1992; Watson, 2003) followed 

by the maze task (Madan et al., 2012), if there was time remaining. 

  

2.3.5 Free Recall Task 

After the delay, participants were given 8 minutes to describe, in any 

order, as many pictures as they could recall from the encoding task. The verbatim 

script was as follows: 

 

“For the next 8 minutes I would like you to write down as many of the pictures 

from the first task that you can remember. Please write a brief description but 

enough so I know which picture you’re talking about, so be specific.” 

 

While displaying an example picture (see Figure 7) to the participant the 

experimenter then explained: 
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“For example, to describe this picture don’t just say ‘a baby’ but, for example, ‘a 

crying, starving baby’. You will have 8 minutes to do this task and I will let you 

know when the 8 minutes are up.” 

 

 
Figure 7: Example picture shown in the beginning of the free recall task 

At the 1-minute and 3-minute mark the experimenter asked the 

participants about the number of images they had described. 

2.3.6 Recognition Task 

The recognition task contained all 160 pictures from the encoding task (80 

negative, 80 neutral) as well as lure pictures (40 negative, 40 neutral), in grey-

scale. 

Pictures were individually presented in the center of the screen, in random 

order, with no more than two pictures of the same valence and no more than two 

pictures from the same category (targets or lures) presented in succession. Using 

the number-covered F,Y,U, and K keys (the same keys as in the encoding task), 

participants performed a one-step recognition task with two levels of confidence-

ratings (see Dougal and Rotello [2007] for similar methods): Participants 

indicated whether each picture was one they had seen previously in the encoding 

task or not, by using a four-point answering scale: (1) yes, definitely; (2) yes, 

probably; (3) no, probably not; (4) no, definitely not (see  

Figure 8 for an example trial of the recognition task). The task was self-

paced, i.e., trials proceeded as soon as participants had made their response. For 

half of the participants the order of the recognition response options was reversed. 
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Their choices were: (1) no, definitely not; (2) no, probably not; (3) yes, probably; 

(4) yes, definitely. 

 

 

 

 

 

 

 

 

 

Figure 8. Two example trials in the recognition task. 

 

Recognition task data were analyzed using recognition sensitivity (d-

prime), a signal-detection measure that takes both recognition hits and false 

alarms rates into account (Macmillan, 1993; Stanislaw & Todorov, 1999). Briefly, 

d-prime (or d’) can be calculated by using the Φ-function and its inverse (Φ
 -1

), 

that assess the proportion of the normal distribution lying to the left (or right) of 

the z-transformed hits/false alarms rates in a given yes/no signal detection task (or 

‘old’/ ‘new’ responses in recognition memory). Following Macmillan (1993), d-

prime is determined as: 
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d-prime = Φ
-1

(H) - Φ
-1

(F),  

 

where H denotes the hit rate (hits / total number of old items) and F 

denotes the false alarms rate (false alarms / total number of lure items). The Φ- 

and inverse Φ-functions are incorporated into SPSS and following Stanislaw and 

Todorov (Stanislaw & Todorov, 1999), d-prime was calculated here using SPSS 

as: 

d-prime = PROBIT(H) - PROBIT(F),  

 

again, where H denotes the hit rate and F denotes the false alarms rate. 

High scores in d-prime indicate successful differentiation between old 

items and new items, i.e., the ability to endorse old items as old and new items as 

new. A high d-prime therefore reflects good recognition sensitivity or high quality 

of recognition memory performance.  

Response bias (β), another measure of recognition memory performance 

based on signal detection theory (for more details see Stanislaw & Todorov, 

1999) was also calculated. Β is independent of d-prime and assesses whether an 

individual prefers one type of answer (i.e., ‘old’ or ‘new’ answers) over the other, 

regardless whether the answer is correct or wrong. A liberal response bias is 

characterized by a preferred use of ‘old’ compared to new responses, and a 

conservative response bias is characterized by preferring ‘new’ responses over 

‘old’ responses. As for d-prime, Φ- and inverse Φ-functions are used for β 

calculation. A simplification of Brophy’s (1986) formula for β results in: 

 

    (
[    ( )]  [    ( )] 

 
)

 

 

 

 Implemented in SPSS (Stanislaw & Todorov, 1999), the formula used 

here was 

 

  = EXP (PROBIT(hit) ∗∗ 2 - PROBIT(false alarm) ∗∗2) / 2 ) 
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Positive β scores indicate a conservative response bias (preferring ‘new’ 

responses over ‘old’ responses) and negative β scores indicate a liberal response 

bias (preferring ‘old’ responses over ‘new’ responses). Proportions of zero or 1 

for either hit rate or false alarm rate are undefined, resulting in missing d-prime or 

β scores. Therefore, following Stanislaw and Todorov (1999), I adjusted hit/false 

alarm rates of 1 by using the formula: (N - 0.5) / N, where N denotes the number 

of trials. Zero hit/false alarm rates were adjusted as: (0.5 / N). d-prime and β-

scores were calculated separately for confident and non-confident recognition 

responses. 

 

2.3.7 Debriefing  

All participants were debriefed about the intent of the stress task, the 

purpose of the study, and were offered to read over relaxing positive reframing 

statements to reduce any residual stress.  

 

2.4 Calculation of Emotional Enhancement of Memory and Subsequent 

Memory Effects  

The emotional enhancement of memory (EEM) was calculated for both 

free recall and confident recognition. These scores reflect the relative advantage 

of negative over neutral picture recall and recognition. The scores were derived as 

follows: 

EEMFR = Negative recalled – Neutral recalled  

EEMRECOG = (Neg. hits – Neg. false alarms) – (Neu. hits – Neu. false alarms)
3
 

with ‘EEM’ indicating emotional enhancement of memory, FR indicating free 

recall, RECOG indicating confident recognition, ‘Neg.’ indicating negative 

pictures, ‘Neu.’ indicating neutral pictures and hits/false alarms indicating 

proportional recognition rates. Of note, rates of non-confident recognition 

                                                      
3
 An analogous index of an emotional enhancement of memory (EEM) composite d-prime score 

was calculated as well but is not further detailed here.  
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judgements were very low (see Results section for details) and therefore EEM 

was not calculated for non-confident recognition. Furthermore, false alarm rates 

were also very low, and therefore here combined both confident and non-

confident false alarms.  

In an analogous manner, the EEM was calculated separately for solitary 

pictures and pictures with distractors.  

EEMFRsolitary = Negative solitary, recalled – Neutral solitary, recalled 

EEMFRdistractor = Negative distractor, recalled – Neutral distractor, recalled 

EEMRECOGsolitary = (Neg. solitary hits – Neg. false alarms)  

                           – (Neu. solitary hits – Neu. false alarms) 

EEMRECOGdistractor = (Neg. distractor hits – Neg. false alarms)  

                            – (Neu. distractor hits – Neu. false alarms) 

with ‘EEM’ indicating emotional enhancement of confident recognition 

memory, ‘solitary’ indicating solitary picture trials, and ‘distractor’ indicating 

picture trials with distractors. 

 

For the purpose of my exploratory aim, I investigated the subsequent 

memory effect (SME) using the following calculation for both free recall and 

recognition: 

SMEFR =VD recalled - VD not recalled 

 

SME_confidentRECOG =VD confident hits - VD misses 

 

SME_non-confidentRECOG =VD non-confident hits - VD misses 

 

with ‘SME’ indicating subsequent memory effect and VD indicating 

viewing duration. As the hit rate in the recognition task was high, and 

consequently, misses were low, viewing times for missed/forgotten items 

comprised both confident and non-confident “new” judgments to old target 

pictures. Viewing duration indicates the duration (in msec) that participants 
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looked at a picture during the encoding task. Thus, the SME indicates view time 

differences at encoding that were later indicative of successful recall or 

recognition. For free recall and confident recognition memory, SME was also 

calculated separately within each of the four conditions:  

 

SMEFR negative, solitary = VD negative solitary, recalled - VD negative solitary, not recalled 

 

SMEFR negative, distractor = VD negative distractor, recalled - VD negative distractor,                  

                                                                                         not recalled 

 

SMEFR neutral, solitary = VD neutral solitary, recalled - VD neutral solitary, not recalled 

 

SMEFR neutral, distractor = VD neutral distractor, recalled - VD neutral distractor, not recalled 

 

SMERECOG negative, solitary = VD negative solitary, hits - VD negative solitary, misses 

 

SMERECOG negative, distractor = VD negative distractor, hits - VD negative distractor, misses 

 

SMERECOG neutral, solitary = VD neutral solitary, hits - VD neutral solitary, misses 

 

SMERECOG neutral, distractor = VD neutral distractor, hits - VD neutral distractor, misses 

 

 

2.5 Statistical Analyses 

Statistical analyses were carried out with IBM-SPSS, version 21, IBM ®. 

All data were first tested for normality using Kolmogorov-Smirnov test. If 

normality violations were detected, data were transformed in the conventional 

order from least to most transformation (square-root, logarithmical, inverse 

transformation: Tukey, 1977).  

First, basic effects of emotional valence and presence/absence of 

distractors on task performance were assessed to address all aspects of hypothesis 

1 (task validation). For encoding, four repeated-measures 2 x 2 ANOVA were 

conducted with within-subject factors valence (negative/neutral) and distractor 
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(solitary picture/picture with distractors
4
). Dependent variables in these four 

encoding task analyses were response times (square-root transformed), viewing 

durations of pictures, viewing duration of non-picture screen areas, and time-point 

of first picture fixation (inverse-transformed). A non-parametric Friedman test 

was conducted on highly skewed free recall of all four combinations of valence 

(negative/neutral) and distractor (solitary picture/picture with distractors). For 

recognition performance, dependent variable d-prime was analyzed with a 2 x 2 x 

2 ANOVA with within subjects-factors confidence (confident /non-confident), 

valence (negative/neutral), and distractor (solitary picture/picture with 

distractors). As the β-scores had a highly skewed distribution, a non-parametric 

Friedman test was conducted on all combinations of confidence (confident/non-

confident), valence (negative/neutral), and distractor (solitary picture/picture with 

distractors). To test relationships between attention and memory, subsequent-

memory effects were tested against zero with T-tests to assess their 

presence/absence. Then, analogous repeated measures ANOVA were conducted, 

as described above. Parametric and non-parametric ANOVA results requiring 

follow-up were tested with post-hoc t-tests.  

To address hypothesis 2 and assess whether questionnaire-based coping 

style groups differed in ARD, a one-way ANOVA was conducted on ARD with 

group as a factor. Furthermore, I also compared the two components of the ARD 

(change in SCL and VAS) across questionnaire-based groups. For this purpose, a 

repeated measures ANOVA was conducted on skin conductance level (amplitude) 

as a function of ‘time’ (in 10-second bins) and ‘group’ (repressor, low-anxious, 

high-anxious). The comparisons between coping style and self-reported stress 

(VAS: visual-analog scale) was calculated using the mean difference between 

VAS scores before and after the stress task. These scores were compared across 

coping style groups using one-way ANOVA. 

                                                      
4
 Presenting more than one distractor was necessary to make the item-counting task during the 

encoding phase viable. This was originally intended to parametrically increase visual processing 

load. However, retaining a four-level factor (0, 1, 2, 3 distractors) resulted in excessive loss of 

data, especially in low performance variables such as in free recall. To avoid data loss and 

simplify the analyses, I combined the presence of 1, 2, and 3 distractors into one level (picture 

with distractors), contrasted with the zero distractor condition (solitary picture). 
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To address hypotheses 3 a & 3 b, correlations were conducted in all 

participants (N=107) assessing relationships between ARD (and its constituents 

SCL and VAS) and encoding task accuracy, viewing durations of pictures and 

non-picture areas on the screen, time-point of first picture fixation, free recall, 

recognition (d-prime & β), the emotional enhancement of memory (EEM), as well 

as the size of the subsequent memory effects (to address my exploratory aim). 

These were Pearson correlations or Spearman rank correlations, as indicated. Four 

task variables were used within each set of correlations, denoting performance on 

negative solitary pictures, negative pictures with distractors, neutral solitary 

pictures, and neutral pictures with distractors. To control for false-positive 

findings but retain maximal sensitivity, the significance threshold for each set of 

correlations was adjusted by a factor of 4, i.e., p < 0.0125. Uncorrected p’s of p < 

0.05 are also provided.  
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3. RESULTS 

 

3.1 Behaviour & Task Validation  

The first set of analyses was conducted to address hypothesis 1 and 

illustrate general performance patterns in all parts of the experiment, irrespective 

of coping style.  

3.1.1 Attention 

 Encoding task accuracy (i.e., counting the number of items on the screen) 

was close to ceiling (M = 96% ± 3%) and therefore will not be further discussed. 

The average response time for all correct responses was 1165.89 ± 438.1 msec.  

 Negative pictures were predicted to attract more attention than neutral 

pictures. Therefore, response times in trials with negative pictures were expected 

to be slower than in trials with neutral pictures. In addition, having multiple items 

on the screen was also expected to slow response times, compared to trials with a 

solitary picture. Comparing (square-root transformed) response times as a 

function of valence and distractor, I found main effects of valence (F[1,106] = 

50.62, p<0.001, η
2

partial = 0.32) and distractor (F[1,106] = 104.60, p<0.001, η
2

partial 

=0.50), but no interaction (F[1,106]= 0.97, p = 0.33, η
2

partial = 0.01). Reaction 

times in all four conditions are illustrated in Figure 9.  
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Figure 9. Mean reaction times of correct responses at encoding. For illustration, 

data are shown untransformed. 

 

Back-transformed average reaction times to negative pictures (M= 

1158.47 msec, 95% CI [1072.5, 1264.68]) were longer than those to neutral 

pictures (M= 1096.74 msec, 95% CI [1024.88, 1171.16]; t[106] = 7.17, p < 

0.001). Participants also took longer to count items in trials with distractors (M= 

1155.12 msec, 95% CI [1076.39, 1236.63]) compared to counting one picture in 

solitary picture trials (M= 1047.63 msec, 95% CI [972.5, 1125.52]; t[106] = 

10.20, p < 0.001). Thus, presence of negative pictures and presence of distractors 

in the encoding task slowed response time, as expected. 

 

3.1.2 Eye Tracking 

I expected that, analogous to the reaction time data, individuals would 

spend more time looking at negative than neutral pictures and less time looking at 

pictures when accompanied by distractors, compared to pictures presented alone. 
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Participants’ average viewing duration of each picture was M = 2355.16 ± 763.51 

msec. I found main effects of valence (F[1,106] = 171.27, p < 0.001, η
2

partial = 

0.62) and distractor (F[1,106] = 325.29, p < 0.001, η
2

partial = 0.75) on picture 

viewing duration, qualified by a 2-way interaction between valence and distractor 

(F[1,106] = 27.22, p < 0.001, η
2

partial = 0.20). As can be seen in Figure 10 (left 

panel), viewing durations were longer for negative than neutral pictures, and 

within each valence, there was a longer viewing duration of solitary pictures than 

viewing duration of pictures with distractors. However, the prolonged viewing 

durations due to the absence (versus presence) of distractors was more 

pronounced for neutral pictures (viewing time of neutral solitary pictures minus 

viewing time of neutral pictures with distractors: M = 608.87 msec ± 372.97 

msec) than for negative pictures (M = 440.67 msec ± 312.51 msec; t[106] = 5.22, 

p < 0.001). Thus, the presence of distractor items decreased the viewing time of 

neutral pictures more than view time of negative pictures. 
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Figure 10. Mean viewing durations (in msec) of pictures (dark grey) and screen 

areas outside the pictures (light grey) by valence and distractor. 

 

Of the five seconds in each trial, participants spent an average time of M = 

1616.52 ± 607 msec looking on screen areas outside the pictures. The analogous 

ANOVA on viewing durations of screen areas outside the pictures (M = 1616.52 

ms ± 607.12 msec) also showed a main effects of valence (F[1,105] = 105.09, p < 

0.001, η
2

partial = 0.50) and distractor (F[1,105] = 338.79, p < 0.001, η
2

partial = 0.76), 

as well as the interaction between valence and distractor (F[1,105] = 34.38, 

p<0.001, η
2

partial = 0.25; see Figure 10, right panel). Complementary to picture 

viewing times, viewing durations of areas outside the pictures were shorter for 

negative than neutral pictures and shorter for solitary pictures than pictures with 

distractors. In addition, differential viewing of screen locations outside the 

pictures due to the absence of distractors was more pronounced with neutral 

pictures (viewing time of screen locations outside pictures with distractors minus 
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viewing times of screen locations outside solitary pictures; neutral picture trials: 

M = 303.76 msec ± 246.3 msec) than with negative pictures (M = 141.12 msec ± 

282.72 msec; t[105] = 5.86, p < 0.001). Thus, the presence of distractor items did 

not increase viewing times of screen locations outside negative pictures to the 

same extent as it increased viewing times of screen locations outside neutral 

pictures
5
.  

The presence (versus absence) of distractor items on the screen was 

expected to cause a delay in the first fixation to the picture and it was expected 

that negative pictures might be more quickly fixated than neutral pictures. The 

time-point of first fixation to a picture was analyzed for this purpose. Inverse-

transformation had to be conducted on time-points of first picture fixations to 

achieve normality. First picture fixation time-point was analysed with analogous 2 

x 2 ANOVA. I found a main effect of distractor (F[1,106] = 271.37, p < 0.001, 

η
2

partial = 0.72), but neither main effect of valence (F[1,106] = 1.97, p = 0.16, 

η
2

partial = 0.02, nor an interaction (F[1,106] = 0.49, p = 0.49, η
2

partial = 0.005). 

Participants fixated earlier to the picture when no distractors were present (M = 

289.39 msec, 95% CI [272.078, 309.04]) compared to when there were distractors 

on screen (M = 434.78 msec, 95% CI [400.95, 454.55], t[106] = -16.47, p < 

0.001).  

Taken together, the eye-tracking results are in general agreement with the 

response time data: Participants spent more time looking at negative compared to 

neutral pictures and less time looking at the pictures when distractor items were 

present. In addition, the presence of distractor items did not decrease viewing time 

to negative pictures to the same extent as in the neutral condition and did not 

increase viewing times to screen locations outside the picture in negative picture 

trials to the same extent as in neutral picture trials. As the time-point of first 

picture fixation was only significantly slowed down by the presence of distractors 

                                                      
5
Although this may seem redundant, the results of the analyses of viewing durations of screen 

areas outside the pictures themselves are highly complementary and similarly robust as those with 

viewing times of the pictures themselves. This shows the reliability of the measurement as well as 

task compliance of the participants: They looked away from the picture in distractor trials, as 

intended, rather than closing their eyes. 
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on screen, regardless of valence, these findings together imply that negative 

pictures held visual attention longer but did not initially attract faster visual 

orienting. 

 

3.1.3 Free Recall 

Negative pictures were expected to be better recalled than neutral pictures; 

in addition, solitary pictures were expected to be better recalled than pictures 

presented with distractors. On average, participants’ recall proportion out of the 

160 pictures was M = 0.11 ± 0.04 (i.e., participants recalled on average 17.97 ± 

5.6 pictures). Recall proportions were highly skewed and non-correctable by 

transformation. Therefore, a non-parametric Friedman Test was performed. This 

test relies on rank-transformation of the data.  

There were highly significant differences in mean ranked free recall 

proportions (see Figure 11: χ
2
[3]= 181.37, p < 0.001). Correcting for all pairwise 

comparisons, post-hoc tests on differences between mean ranks (incorporated in 

SPSS v.21) showed significantly higher ranks for recall proportions of negative 

than neutral pictures both in the solitary picture condition (T+ = 9.58, adjusted p 

< 0.001) and in the distractor condition (T+ = 8.79, adjusted p < 0.001). Recall of 

solitary pictures did not differ from recall of pictures with distractors within either 

valence (negative: T+ = 0.132, adjusted p = 1; neutral: T+ = 0.93, adjusted p = 

1).  
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Figure 11. Mean ranks of free recall proportions.  

 

As expected, negative pictures were substantially better recalled than 

neutral pictures, confirming emotional enhancement of memory (EEM) in the free 

recall measure. However, recall did not vary as a function of presence/absence of 

distractors.  

 

3.1.4 Recognition 

I expected effects of valence and presence/absence of distractors to be 

similar in recognition memory as in free recall, and especially so, when assessing 

confident recognition memory judgements. Thus, I predicted that d-prime will be 

greater for negative pictures compared to neutral pictures and greater for solitary 

pictures than pictures presented with distractors.  

As outlined in more detail in the Methods section, separate d-prime and β-

scores were calculated for confident and non-confident recognition judgements. 

Means and standard deviations of all hit-rates/false alarms rates incorporated into 

d-prime/β-scores are summarized in Table 4.  
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Table 4. Means and standard deviations of confident/non-confident hit and false 

alarm rates in the recognition task 

 Confident Judgements Non-Confident 

Judgements 

 Hit/FA 

rate 

Adjusted 

scores
a
 

Hit/FA 

rate 

      Adjusted       

scores
a
 

Old Pictures (Targets)   
Negative solitary (N=20) 0.74 ± 0.17 3 0.08 ± 0.06 38 

Negative with distractors (N=60) 0.70 ± 0.14 0 0.07 ± 0.05 12 
Neutral solitary (N=20) 

 
0.56 ± 0.18 0 0.10 ± 0.09 32 

Neutral with distractors (N=60)
 

0.48 ± 0.16 0 0.10 ± 0.07 7 

 

New Pictures (Lures)   
Negative (N=40) 0.04 ± 0.04

 
 35 0.04 ± 0.05

 
 38 

Neutral (N=40) 0.03 ± 0.04
 
 59 0.05 ± 0.06

 
 34 

a: 
Numbers of participants with hit rates or false alarms rates of 0 or 1. Their scores were adjusted 

(details see Methods section) for calculation of d-prime and β. FA= false alarm. 

 

 

First, a repeated-measures 2 x 2 x 2 ANOVA was conducted on d-prime, 

with within-subject factors confidence (confident/non-confident judgements), 

valence (negative/neutral) and distractor (solitary picture/picture with distractors). 

I found main effects of confidence (F[1,106] = 1073.63, p < 0.001, η
2

partial = 

0.91), valence (F[1,106]= 22.92, p < 0.001, η
2

partial = 0.18), and distractor 

(F[1,106] = 58.91, p < 0.001, η
2

partial = 0.36). Interactions emerged between 

confidence and valence (F[1,106] = 76.82, p < 0.001, η
2

partial =0.42) as well as 

between confidence and  distractor (F[1,106] = 11.25, p = 0.001, η
2

partial = 0.10). 

The three-way interaction failed to reach significance (F[1,106] = 3.64, p = 0.06, 

η
2

partial = 0.03). Results are illustrated in Figure 12. The two significant 

interactions are further illustrated in Figure 13.  
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Figure 12. Mean recognition sensitivity (d-prime) for pictures from all eight 

conditions. 

  

 

 
Figure 13. Mean recognition sensitivity (d-prime). A: Illustration of the 

confidence by valence interaction. B: Illustration of the confidence by distractor 

interaction. 

 

A 

B 
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The interaction between confidence and valence (Figure 13A) was driven 

by higher d-prime for confidently recognized negative than neutral pictures 

(t[106] = 10.33, p < 0. 001), whereas d-prime was higher for non-confidently 

recognized neutral than negative pictures (t[106] = -2.68, p < 0.05, Bonferroni-

corrected). The second interaction, between confidence and distractor (Figure 13 

B) was driven by a lack of difference in d-prime between distractor conditions 

when recognition judgements were non-confident (t[106] = 1.64, p = 0.10), 

whereas for confident recognition, pictures without distractors had higher d-prime 

than pictures with distractors (t[106]= 7.13, p < 0.01, Bonferroni-corrected). 

Taken together, the confident recognition judgements showed the pattern I 

expected: Enhanced confident recognition sensitivity for negative than neutral 

pictures and for solitary pictures compared to pictures that had been presented 

with distractors.  

To investigate participants’ degree of liberal (tendency to respond “old” to 

all pictures) or conservative (tendency to respond “new” to all pictures) 

recognition bias, β-scores were analyzed. As these were highly skewed, a non-

parametric Friedman test was performed including all eight β-scores (see Figure 

14).  

 

 

Figure 14. Mean ranks of response bias scores (β) for confident (A) and non-

confident (B) recognition memory. Higher β-scores indicate a more conservative 

response bias (i.e.: tendency to respond “new” to all pictures, resulting in fewer 

hits but also fewer false alarms). 
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The Friedman test showed highly significant differences in response bias 

across all eight conditions (χ
2
[7] = 432.12, p < 0.001). Correcting for all pairwise 

comparisons, post-hoc tests on differences between average ranks showed more 

liberal response bias scores (lower ranks) in all non-confident compared to 

confident recognition judgments (smallest T+ = 6.06, all p’s <0.001). Within 

either confident or non-confident recognition judgments, the only significant 

differences in bias scores were observed for confident recognition of negative 

solitary pictures. Bias scores for confident recognition were significantly more 

liberal for negative solitary pictures compared to both neutral picture conditions 

(neutral solitary: T+ = 5.07, p < 0.001; neutral with distractors: T+ = 5.18, p < 

0.001), while not different from bias scores to negative pictures with distractors 

(T+ = 2.4, p = 0.46). This means that participants were more likely to choose 

“recognized” over “not recognized” when making non-confident choices.  

Additionally a greater bias to endorse negative pictures as “old” compared to the 

two neutral picture conditions, regardless whether they were correct or not, and 

this bias was most pronounced for negative solitary pictures. 

 

3.1.5 Subsequent Memory Effect 

 I further predicted that viewing times of pictures during encoding will be 

predictive of later recall/recognition, i.e., an eye-tracking-based subsequent 

memory effect. I also predicted that subsequent memory effects will be stronger 

for negative than neutral pictures. Additionally, having distractors present at 

encoding had generally decreased viewing duration of pictures and had increased 

viewing duration of screen locations outside the pictures. I asked whether the 

presence/absence of distractors also modulated the size of the subsequent memory 

effect. As a reminder, subsequent memory effects were calculated by subtracting 

viewing durations of pictures (during encoding) that were later forgotten in free 

recall/recognition from viewing durations of pictures that were later 

recalled/recognized.  
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 Subsequent memory effects emerged in free recall (M = 299.20 ± 423.76 

msec; t-test against zero: t[106] = 7.3, p < 0.001) and confident recognition (M = 

481.21 ± 377.06 msec; t[106] = 13.2, p < 0.001), but not in non-confident 

recognition (M = 57.17 ± 533.01 msec; t[103]
6
 = 1.09, p = 0.28). As can be seen 

in Figure 15, all three subsequent memory effects differed from each other in size 

(confident recognition > free recall > non-confident recognition, p’s < 0.001).  

 

Figure 15. Mean subsequent memory effect (viewing duration of later memorised 

minus later forgotten pictures) for free recall, confident recognition and non-

confident recognition (N = 107 in free recall/confident recognition; N= 104 in 

non-confident recognition).  

 

As the subsequent memory effect for non-confident recognition was 

negligible, repeated measures ANOVA were only conducted on the size of the 

subsequent memory effects in free recall and in confident recognition, again with 

valence (negative/neutral) and distractor (solitary picture/ picture with distractors) 

as factors. Free recall data was missing in at least one of the four combinations of 

                                                      
6
 Three participants had zero non-confident recognition judgments precluding calculation of their 

SME. 
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the two factors for 36 participants. For confident recognition, data was missing in 

6 participants. This left 71 participants for the ANOVA on subsequent memory 

effects in free recall and 101 participants for the ANOVA on confident 

recognition as a function of valence and distractor.  

In free recall I found a main effect of distractor (F[1,70] = 6.31, p = 0.01, 

η
2

partial = 0.08) only, but neither main effect of valence (F[1,70] = 0.32, p = 0.57, 

η
2

partial = 0.005) nor an interaction between valence and distractor (F[1,70] = 

0.003, p = 0.96, η
2

partial < 0.001). The subsequent memory effect was larger in 

trials with distractors (M = 413.33 ± 333.35 msec) than in trials without 

distractors (M = 206.32 ± 610.97 msec; see Figure 16). 

 

Figure 16. Mean subsequent memory effect for free recall (viewing duration of 

later confidently recognised minus later forgotten pictures) by valence and 

distractor (N = 71). 

 

In confident recognition, I found main effects of valence (F[1,100] = 9.69, 

p = 0.002, η
2

partial = 0.9) and distractor (F[1,100]= 11.25, p = 0.001, η
2

partial = 0.1) 

but no interaction (F[1,100] = 1.55, p = 0.26, η
2

partial = 0.02). Similar as in free 

recall, the subsequent memory effect was larger in trials with distractors (M = 
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542.04 ± 341.23 msec) than in trials without distractors (M = 366.45 ± 527.08 

msec). In addition, the subsequent memory effect was larger for negative (M = 

526.5 ± 437.31 msec) than neutral picture trials (M = 381.99 ± 416.48 msec; see 

Figure 17).  

     

Figure 17. Mean subsequent memory effect for confident recognition (viewing 

duration of later recognized minus later forgotten pictures) by valence and 

distractor (N= 101). 

 

 The subsequent memory results should be understood in the context of the 

eye-tracking results during encoding (cf. section 3.1.2), where I found a 

substantial decrease of picture viewing durations when distractors were present 

(versus absent). The most consistent subsequent memory results for both free 

recall and (confident) recognition was a main effect of distractor. Of note, the 

subsequent memory effect was also larger for pictures with negative compared to 

neutral valence, in confident recognition only; although the interaction was not 

significant (F[1,100] = 1.55, p = 0.26, η
2

partial = 0.02) and therefore not further 

followed up, Figure 17 shows that this was mainly due to negative distractor 

trials. That is, looking at negative pictures despite the presence of distractors was 
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most predictive of later memory. These results confirm that viewing durations in 

the encoding task do affect later memory, especially for pictures accompanied by 

distractors and, less pronouncedly so, in particular for negative pictures. 

 Taken together, hypothesis 1 was largely confirmed: I found that both the 

valence of the pictures and the presence of distractor images to affect not only 

response time to the encoding task but also the viewing duration. The presence of 

distractor items did not decrease viewing times of negative pictures to the same 

extent as it decreased viewing times of neutral pictures. Participants recalled more 

negative compared to neutral pictures regardless of distractor condition and in 

addition, recognition sensitivity (d-prime) was enhanced for negative compared to 

neutral pictures. That is, I found effects of emotional enhancement of memory. 

Recognition sensitivity was further higher for solitary compared to pictures that 

had been presented with distractors. Recognition biases (β) were more liberal for 

non-confident than confident choices regardless of valence or distractor. In 

confident recognition, negative solitary pictures were responded to more liberally, 

compared to neutral pictures. Thus, participants were more likely to indicate that 

they remembered a picture if it was negative, especially if presented alone, 

regardless whether their response was correct or incorrect. 

The next sections are concerned with hypotheses 2 and 3, pertaining to repressive 

coping style. 

3.2 Autonomic Response Discrepancy (ARD) 

My second hypothesis predicted that participants pre-selected as 

repressors on the BIDR-SDE and STAI-T questionnaires will score highest on the 

index of autonomic response discrepancy (ARD). A positive ARD score indicates 

post-stress under-reporting of physiological stress during the stress task. The task 

elicited a sizable stress response from participants, as can be seen in Figure 18. A 

repeated measures ANOVA on SCL (amplitude) as a function of ‘time’ (in 10-

second bins) and ‘group’ (repressor, low-anxious, high-anxious) showed a highly 

significant main effect of time (F[3.013, 301.3], Greenhouse-Geisser corrected = 
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120.13, p < 0.001, η
2

partial = 0.55), but the time by group interaction was not 

significant (F[6.03,3.013] = 1.14, p = 0.34, η
2

partial = 0.02).  

 

Figure 18. Skin conductance levels before, during and after the stress task. 

 

 Based on previous studies (e.g., Weinberger et al., 1979), I had expected 

the repressor group to show a greater increase in SCL at least compared to low-

anxious individuals. However, groups in my study had similar SCL responses to 

the stress-induction and alternative attempts of analyzing these data (e.g., by 

assessing average slopes within each task phase across groups) did not render 

significant interactions with group either. Qualitatively inspecting Figure 18 

shows that the repressor group had a steep SCL increase during stress, with no 

recovery in the relaxation period. High anxious participants started out with a 

lower SCL during baseline, lower amplitude SCL during the stress task and they 

also showed no recovery during the relaxation phase. Low anxious participants’ 

SCL levels appeared most similar to those of repressors, but the former showed 

some recovery of SCL during the relaxation phase. Thus, phrased differently, I 
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was able to ascertain equivalent responsiveness of SCL to the stress induction task 

across groups. 

Performance in the visual analogue scale (VAS) assessing mood across 

four positive and five negative emotions before and after the stress task is 

illustrated in Figure 19. 

 

 

Figure 19. Difference scores in mood rating before and after the stress task. 

 

The composite difference score in mood ratings before and after the stress 

task showed that groups marginally differed in their increase in negative mood 

after stress (F[2,104] = 2.57, p = 0.08), with repressors showing the least increase 

(M = 1.18 ± 1.4) in negative mood and high anxious individuals showing the most 

increase (M = 1.95 ± 1.68). 

The ARD score was calculated next based on normalized (z-transformed 

on the sample’s average) change in skin conductance level from baseline to stress 

and change in self-rated mood before and after stress. The ARD was significantly 

different between groups, (F[2,106] = 4.55, p = 0.013). Repressors had a 
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significantly higher ARD than high-anxious individuals (t[77] = 3.19, p = 0.01, 

Bonferroni-corrected; see Figure 20). 

 

 

Figure 20. Mean autonomic-response dissociation (ARD) scores by coping style 

group, z-scores.  

 

Repressors’ ARD score was significantly larger than zero (t[34] = 2.7, p = 

0.011), high-anxious individuals’ ARD score showed a trend in the negative 

direction (t[43] = -1.94, p = 0.06), and low-anxious participants’ ARD score was 

not different from zero (t[27] = -0.06, p = 0.95). Since the coping style groups did 

not differ in SCL during the stress-induction task here, the high ARD score 

specific to repressors was driven more so by under-reporting of emotional stress 

(VAS) than high physiological arousal (SCL). That is, normalized to the group’s 

average ARD score, repressors showed a bias towards under-reporting 

physiological stress and differed significantly from high-anxious individuals who 
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showed a trend in the opposite direction (relative over-reporting of physiological 

stress). These results confirm hypothesis 2. 

3.3 Correlations Between ARD and Task Performance 

The ARD was then correlated with different aspects of my task. I 

predicted in hypothesis 3, based on the Vigilance-Avoidance Theory, that a high 

ARD (repressive coping) would be negatively correlated with viewing durations 

of negative pictures, particularly when presented with distractors (attentional 

avoidance) but also negatively correlated with the time-point of first picture 

fixation (vigilance). I also predicted that ARD would positively correlate with 

viewing duration of non-picture areas on screen in negative picture trials 

(avoidance). Furthermore, I predicted that a high ARD would be correlated with 

low memory (free recall and/or recognition) of negative but not neutral pictures, 

again, especially when presented with distractors. To emphasize here, to my 

knowledge this is the first study assessing the potential links between repressive 

coping style-specific vigilance-avoidance patterns in attention with later memory 

performance within the same paradigm. Thus, exploratory analyses were 

conducted concerning the direct relationships between attention and memory by 

correlating the ARD with the size of the eye-tracking-based subsequent memory 

effects.  

3.3.1 Attention 

There were no significant correlations between ARD and response time 

during encoding. As detailed in Table 5, ARD was a) positively correlated with 

viewing durations of all pictures, irrespective of valence or distractor presence, b) 

negatively correlated with time-point of first picture fixation and c) negatively 

correlated with view time of screen locations outside pictures.  
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Table 5. Correlations between encoding and autonomic-response dissociation 

(ARD), increase in skin conductance level (z-SCL), increase in negative mood in 

the visual analogue scale (z-VAS) 

 Negative 

Solitary 

Negative with 

Distractors 

Neutral 

Solitary 

Neutral with 

Distractors 

 Picture viewing duration 

ARD  0.34* 0.35* 0.36* 0.36* 

z-SCL change 0.37* 0.38* 0.39* 0.37* 

z-VAS mood -0.11 -0.11 -0.12 -0.13 

  

Viewing duration of non-picture screen locations 

ARD  -0.25* -0.20
†
 -0.24

†
 -0.16 

z-SCL change -0.27* -0.21
†
 -0.23

†
 -0.13 

z-VAS mood 0.09 0.07 0.11 0.09 

  

Time-point of first picture fixation (inverse-transformed) 

ARD  -0.21
†
 -0.22

†
 -0.18 -0.21

†
 

z-SCL change -0.23
†
 -0.28* -0.23

†
 0.22

†
 

z-VAS mood 0.07 0.03 0.03 0.07 
* Bonferroni-corrected p < 0.0125; †: p < 0.05, uncorrected 

  

Thus, I could not confirm hypothesis 3a that ARD would co-vary with 

attentional vigilance - avoidance patterns towards negative pictures in this task. In 

fact, high ARD scores were correlated with longer viewing durations of all 

pictures, and with less non-picture viewing, especially in trials with negative 

solitary pictures. In addition, I found earlier fixations (vigilance) in people with 

high ARD. The pattern was similar in all types of pictures, although the only 

significant correlation was seen for negative pictures with distractors. Breaking 

down the ARD score into its components showed that correlations were driven by 

changes in skin conductance levels, and not the self-reported mood changes. 

Figure 21 shows that the correlation between picture viewing time and ARD was 

unlikely driven by outliers.  
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Figure 21. Correlation between picture viewing time and autonomic-response 

dissociation (ARD) (r[105] = 0.36, p < 0.001, all picture conditions are 

combined). 

 

Taken together, participants with higher ARD scores were vigilant to all 

picture stimuli in this task and did not show the predicted attentional avoidance of 

negative pictures. These correlations were driven by the SCL and not the mood 

component of the ARD.  

 

3.3.2 Memory  

I expected free recall and/or recognition memory for negative pictures to 

be negatively correlated with ARD, but expected no correlation with memory for 

neutral pictures. The correlation results are summarized in Table 6. 
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Table 6. Correlations between free recall proportions/recognition sensitivity (d-

prime) and autonomic-response dissociation (ARD), increase in skin conductance 

level (z-SCL), increase in negative mood in the visual analogue scale (z-VAS) 

 Negative 

Solitary 

Negative with 

Distractors 

Neutral 

Solitary 

Neutral with 

Distractors 

 Free recall 
a
 

ARD  0.04 -0.05 0.05 0.05 

z-SCL change -0.07 -0.03 0.02 0.03 

z-VAS mood -0.10 -0.04 -0.04 -0.07 

  

d-prime (confident recognition) 

ARD  -0.07 0.02 0.10 0.06 

z-SCL change -0.03 -0.08 -0.04 -0.06 

z-VAS mood 0.07 -0.05 -0.17 -0.15 

  

d-prime (non-confident recognition) 

ARD  -0.04 -0.12 -0.13 -0.15 

z-SCL change -0.04 0.01 -0.02 -0.10 

z-VAS mood 0.02 0.18 0.17 0.13 

  

β (confident recognition)
 a
 

ARD  -0.19† -0.28* -0.13 -0.10 

z-SCL change -0.17 -0.23† -0.18 -0.15 

z-VAS mood 0.11 0.19† 0.05 0.004 

  

β (non-confident recognition)
 a

 

ARD  -0.05 -0.11 -0.08 -0.12 

z-SCL change -0.03 -0.06 0.03 -0.07 

z-VAS mood 0.08 0.13 0.13 0.09 
a
: Spearman rank correlations; *: Bonferroni-corrected, p] < 0.0125; †: p < 0.05, 

uncorrected 

 

There were no significant correlations between ARD and memory 

accuracy in either free recall or recognition (d-prime), with relationships mostly 

being close to zero. As can be seen in Table 6, correlations emerged only in 

response bias (β), for confident recognition judgements. Individuals with high 

ARD scores seemed to have a more liberal
7
 response bias in making confident 

judgements, a trend that reached significance for negative pictures with 

distractors. This means that increasing ARD is indicative of a greater chance that 

                                                      
7
 High β-scores indicate a conservative bias and low scores indicate liberal response bias. 
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the participant will claim they confidently recognize a picture, regardless if 

correct or not. 

To disentangle these results, I conducted several follow-up analyses. First, 

as only the β-scores showed any noticeable correlations with ARD and since all of 

these were similar to each other, I averaged β across all four picture conditions. 

ARD was correlated with a liberal bias for confident responses (r[105] = -0.28, p 

= 0.003). This correlation was reflected in both components of the ARD (SCL 

change: r[105] = -0.20, p = 0.04; VAS negative mood: r[105] = 0.19, p = 0.046). 

Thus, individuals with high ARD made more confident recognition judgments, 

regardless whether these were correct or incorrect. In addition, I correlated ARD 

and its components with the simple hit rates and false alarm rates subsumed in d-

prime and β, only for confident recognition hits/false alarms. These results are 

shown in Table 7. 

Table 7. Correlations between recognition hit/false alarm rates and autonomic-

response dissociation (ARD), increase in skin conductance level (z-SCL), increase 

in negative mood in the visual analogue scale (z-VAS) 

 Negative 

Solitary 

Negative with 

Distractors 

Neutral 

Solitary 

Neutral with 

Distractors 

 Confident hit rate 

ARD  0.06 0.14 0.22† 0.20† 

z-SCL change 0.05 0.02 0.04 0.03 

z-VAS mood -0.03 -0.18 -0.27* -0.24† 

   

 Negative Targets Neutral Targets 

 Confident hit rate 

ARD  0.10 0.22† 

z-SCL change 0.04 0.04 

z-VAS mood -0.11 -0.28* 

  

 Negative Lures Neutral Lures 

 Confident false alarm rate 
a 

ARD  0.19† 0.10 

z-SCL change 0.14 0.13 

z-VAS mood -0.13 -0.06 
a
: Spearman rank correlations, * Bonferroni-corrected p < 0.0125; †: p < 0.05, uncorrected;  
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As can be seen in Table 7, by breaking down the constituents of d-

prime/β, I found that ARD showed a positive trend correlation (and VAS showed 

a significant negative correlation) with hit rates for all neutral pictures from the 

encoding task (target pictures), but non-significant (albeit still positive) 

correlations with hit rates for all negative target pictures. Conversely, false alarms 

rates for negative lure pictures showed a positive trend correlation with ARD, 

which was not seen for neutral lures.  

In addition to recall/recognition accuracy, I then tested whether the 

advantage of memory for negative pictures over neutral pictures was correlated 

with ARD. As outlined in the Methods section, the EEM scores were calculated 

only for free recall and confident recognition. The EEM score in free recall 

rendered only non-significant correlations with ARD and will not be discussed 

further. The composite EEM in confident recognition (EEMRECOG) was correlated 

with ARD, z-SCL change and z-VAS mood. The results showed a significant 

negative correlations between EEMRECOG and ARD (r[105] = -0.20, p = 0.04). 

This correlation was reflected only in the mood component of the ARD (VAS 

negative mood: r[105] = 0.24, p = 0.012), but not in the SCL change (r[105] = -

0.04, p = 0.66). Thus, even though ARD or its components were largely unrelated 

to memory accuracy, the differential enhancement of confident recognition 

memory of negative compared to neutral pictures, adjusted for false alarms rates, 

was less pronounced with higher ARD and more pronounced with more self-

reported negative mood.  

To further test whether the correlations I observed between the ARD/VAS 

and the EEM were present in both solitary and distractor trials, the EEM was 

broken down into EEMsolitary and EEMdistractor conditions, as detailed in the 

Methods section and correlated with ARD, z-SCL change and z-VAS mood. 

Results showed a significant negative correlation between the ARD and 

EEMsolitary (r[105] = -0.21, p = 0.03), but not with EEMdistractor  (r[105] = -0.15, p 

= 0.12). As before, the correlation was reflected only in the mood component of 

the ARD (VAS negative mood: r[105] = 0.29, p = 0.003), but not in the SCL 

change (r[105] = -0.002, p = 0.98). Thus, the correlations between the ARD and 
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the decrease in the emotional enhancement of confident recognition memory, as 

well as the inverse correlation with VAS reached significance only for solitary 

picture trials (see Figure 22). 

 

  

Figure 22. Correlations between the relative enhancement of confident 

recognition memory for negative solitary pictures minus neutral solitary pictures, 

adjusted for false alarms, and ARD (A) and VAS (B). (EEM: enhancement of 

A) 

B) 
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memory due to emotion; ARD: autonomic response dissociation; VAS: Visual 

analogue scale) 

In summary, the results of the memory component of this study partly 

confirmed my predictions in hypothesis 3b. The ARD did not correlate negatively 

with recall accuracy or recognition quality of negative pictures. However, I found 

ARD correlated with a liberal response bias towards making confident recognition 

judgments. This bias appeared to be based on an increase in confident hits of 

neutral pictures and on an increase in confident false alarms towards negative lure 

pictures. In addition, a higher ARD was related to a less pronounced relative 

advantage for negative over neutral picture recognition, significant only for 

solitary picture trials. This was due to self-reported mood only. In other words, 

people with less self-reported negative mood after the stress task showed less of a 

difference in negative compared to neutral solitary picture recognition, while 

people with a more negative mood had a more pronounced advantage in negative 

over neutral solitary picture recognition. 

3.3.3 Subsequent Memory Effect  

 As view time was quite substantially related to later free recall and 

confident recognition memory, I tested whether subsequent memory effects were 

correlated with ARD and its components. In brief, there were few significant 

correlations, but those that were found were selective to subsequent memory 

effects for negative solitary pictures (see Appendix 4 for all correlations).  

First, ARD was correlated with the subsequent memory effect for free 

recall of negative solitary pictures (r[101] = 0.28, p = 0.004), mainly due to the 

self-reported mood component of the ARD (r[101] = 0.29, p = 0.003) and not to 

changes in skin conductance levels (r[101] = 0.1, p = 0.31). All other correlations 

between ARD and subsequent memory effects in free recall were close to zero 

(see Appendix 4).  

Subsequent memory effect for confident recognition of negative solitary 

pictures was not significantly correlated with overall ARD (r[102] = 0.14, p = 

0.15) or its self-reported mood component (r[102] = 0.03, p = 0.78), but showed a 

positive correlation with changes in skin conductance levels (r[102] = 0.23, p = 
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0.02). Again, both ARD and its components showed near-zero correlations to 

subsequent memory effects of all other confidently recognized picture types.  

Thus, individuals with higher ARD showed a selectively stronger link 

between viewing durations and later free recall of negative solitary pictures and 

this effect pertained mainly to self-reported mood. More pronounced changes in 

skin conductance levels during the stress task were associated with increased 

subsequent memory effects in confident recognition, again selectively for 

negative solitary pictures.  

 

  



  

77 

 

4. DISCUSSION 

As predicted in hypothesis 1, I found prioritization of emotional over 

neutral pictures in both the attention and the memory part of my task. Participants 

spent more time looking at negative pictures than neutral pictures. Their visual 

attention to all pictures decreased when distractor images were present, but less so 

in negative than in neutral picture trials. Participants also had better memory for 

negative compared to neutral pictures, spanning free recall and (confident) 

recognition memory. A sizeable subsequent memory effect was observed for both, 

free recall and confident recognition and as predicted, the size of the subsequent 

memory effect was larger for negative than neutral pictures, although only in 

recognition memory.  

Hypothesis 2 was also supported. Relative to the rest of the sample, 

participants classified through conventional questionnaires as having a repressive 

coping style demonstrated an autonomic response discrepancy (ARD) comprising 

a similar physiological response (SCL) as non-repressors in response to my stress 

induction task, accompanied by little self-reported negative mood change (VAS). 

When both SCL and VAS measures were combined to create the ARD score, 

repressive individuals had significantly higher ARD than high-anxious 

participants, who tended to over-report their negative mood changes. Low anxious 

individuals showed no ARD.  

Hypothesis 3a was not supported by my results. I did not observe 

attentional vigilance-avoidance patterns towards negative pictures, assessed with 

eye-tracking. Instead, high ARD (repressive coping) was associated with longer 

view time to all pictures, regardless of valence. In addition, high ARD was 

correlated with earlier first fixation to all pictures. Nevertheless, in support of 

hypothesis 3b I found that high ARD was related to less emotional enhancement 

of recognition memory (EEM) for solitary pictures only. Thus, even though 

overall recall/recognition accuracy did not vary with ARD, the memory 

enhancing effects of negative solitary pictures, relative to neutral solitary pictures, 

diminished with increasing ARD.  
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Finally, I found a positive correlation between ARD and the size of the 

subsequent memory effect that was again specific to negative solitary pictures. In 

this particular condition, attention was more predictive of later memory as a 

function of high ARD (free recall) or as a function of high SCL (recognition). 

 

4.1 Emotion-Cognition Interactions 

Participants spent more time looking at negative than neutral pictures and 

their visual attention to the pictures decreased when the distractor images were 

present. This is congruent with emotional prioritization in attention spanning 

various paradigms and effects, including pop-out effects of emotional faces or 

pictures amongst neutral counterparts in visual search paradigms (Frischen, 

Eastwood, & Smilek, 2008; Lamy, Amunts, & Bar-Haim, 2008; Öhman et al., 

2001), slowed response latencies towards emotional words than neutral words in 

emotional Stroop tasks (Egloff & Hock, 2003; McKenna & Sharma, 1995; 

Williams, Mathews, & MacLeod, 1996), faster orientation and/or slower 

disengagement of spatial selective attention in emotional dot-probe tasks (Amin  

& Canli, 2004; Koster, Crombez, Verschuere, & De Houwer, 2004; MacLeod & 

Mathews, 1988; Mather & Carstensen, 2005), and also more directly related to 

my measures, previous eye-tracking studies in which emotional pictures have 

attracted more visual attention than neutral pictures when presented 

simultaneously (Calvo & Lang, 2004; Nummenmaa et al., 2006).  

The replication of such prioritization of emotional materials is reassuring 

and indicates that the negative pictures I used were salient enough to affect 

subjects’ viewing patterns. While the presence of distractors significantly reduced 

the view time of both negative and neutral pictures, this reduction in view time 

was less pronounced in negative picture trials. Thus, the emotional image content 

and the presence/absence of visual distraction influenced the gaze patterns in my 

study. It should be emphasized that my task did not dictate selective (non-) 

attention of particular stimuli or screen locations, it never showed neutral and 

negative pictures simultaneously and it was cognitively non-demanding. Thus, 

effects of “distraction” on emotion-attention interactions in my study are not 
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directly comparable to most previous results in which such distraction was 

achieved by other means. These included, for example, presenting emotionally 

distracting stimuli in conjunction with a primary task (or stimulus) and assessing 

residual performance (e.g., Chan & Singhal, 2013; Fenske & Eastwood, 2003; 

Zhou & Liu, 2013), or dividing participants’ attention through a dual task setup 

and assessing their remaining capacity for processing emotional versus neutral 

materials (Allard & Isaacowitz, 2008; Kern, Libkuman, Otani, & Holmes, 2005). 

Nevertheless, in such studies, emotional distraction usually interferes more than 

non-emotional distraction with primary task performance, unless the emotional 

distractor bears task relevance (Egner, Etkin, Gale, & Hirsch, 2008; see also: 

Easterbrook, 1959). Complementary, processing of emotional stimuli is usually 

less affected by dual task paradigms than processing of neutral stimuli (Kern et 

al., 2005) implying that emotionally arousing information can be processed at 

least in part pre-attentively and with less conscious effort (A. K. Anderson, 2005). 

In free viewing paradigms, more similar to my task here, people show a 

preference to attend to salient information, including human faces, the eye-region 

of face pictures, or socially meaningful information (Farroni, Csibra, Simion, & 

Johnson, 2002; Guo, Tunnicliffe, & Roebuck, 2010; Masciocchi, Mihalas, 

Parkhurst, & Niebur, 2009). Thus, presenting simple scrambled visual distractor 

items in an (almost) free-viewing task likely enabled natural fixation preferences 

towards emotionally salient information and at the same time, rendered distractors 

less able to capture visual attention when competing with the more salient 

pictures.  

Congruent with the attentional patterns at encoding, participants also had 

better later memory for negative compared to neutral pictures. In agreement with 

previous studies (e.g.,  Riggs, McQuiggan, Anderson, & Ryan, 2010; Sharot & 

Phelps, 2004; Talmi & McGarry, 2012; Talmi, Riggs, Caplan, & Moscovitch, 

2008), the emotional enhancement of memory is thought to be at least partially 

due to the increased attention garnered by the emotional items during encoding. 

Since my study only assessed gaze patterns at encoding and did not investigate 

covert attention, my findings should be understood only in the realm of visual 
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overt attention. Additional, covert or automatic attention processes are known to 

mediate emotional memory enhancement (Dolan & Vuilleumier, 2003), these 

were just not assessed here.  

The size of the subsequent memory effect I observed based on the 

combination of the eye-tracking data with later memory success/failure was rather 

large with an almost 300 msec difference in free recall and 480 msec difference in 

(confident) recognition memory. The difference in the size of this effect between 

the free recall and confident recognition can largely be attributed to the different 

number of trials in free recall versus recognition memory that constituted 

remembered or forgotten trials. On average, people recalled only 17.97 (11.23%) 

of the pictures in free recall (and hence did not recall 142.03, 88.76% of the 160 

pictures). In contrast, people had 99.2 confident hits (62%) in recognition memory 

and 60.8 misses (38%). Thus, the statistical sensitivity of comparing viewing 

durations during successful and unsuccessful encoding in free recall was reduced 

compared to recognition memory. It is indeed surprising that I observed a 

subsequent memory effect in free recall at all, given the extremely different 

numbers of recalled/not recalled pictures. To the best of my knowledge, no prior 

study directly examined subsequent memory effects via eye-tracking, which 

makes an evaluation of its absolute magnitude difficult. However, this method 

seemed quite robust (free recall: Cohen’s d[106] = 1.4; recognition: d[106] = 

2.56). The size of the subsequent memory effect in (confident) recognition 

memory was further modulated by picture valence, with larger effects for negative 

than for neutral pictures. I predicted this finding based on previous fMRI and 

EEG studies showing changes in topography, extent, and size of the emotional 

subsequent memory effect (Dolcos et al., 2004; Erk et al., 2003; Kensinger & 

Schacter, 2006; Richardson et al., 2004; Schwarze et al., 2012).  

More importantly, this finding implies that attention was indeed a critical 

modulator of the increase in memory for emotional over neutral pictures, at least 

for (confident) recognition memory. Of note, a recent study by Kim, Vossel, and 

Gamer (2013) found a seemingly opposing result. They assessed relationships 

between visual attention (assessed with eye-tracking) and the central/peripheral 
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memory trade-off. In short, this refers to memory enhancement for central 

information presented in a negative emotional context, while at the same time 

leading to memory impairment for peripheral information, based on Easterbrook 

(1959). Kim and others (2013) did observe this pattern of finding in recognition 

memory; however, they could show that this effect was not mediated by visual 

attention. Central information presented in a negative context did not need to be 

fixated early or long to be successfully recognised later, while peripheral 

information needed to be attended to longer to be recognised. My study differs 

from that of Kim and others (2013) in various ways, including in the analysis of 

the eye-tracking patterns. Perhaps most importantly, the screen quadrants in 

which the pictures in my task occurred were arguably all close to, but not directly 

in, the centre of the screen, without the intention to distinguish between central 

and peripheral screen locations. Since the size of the subsequent memory effect 

was more definitely modulated by the presence of distractors in my task, which 

increased the effect in both free recall and in recognition memory, one could 

argue in agreement with Kim and others’s (2013) findings that attention becomes 

more important in mediating later memory whenever larger eye-movement have 

to be made.  

The subsequent memory effect in free recall was uninfluenced by picture 

valence. Although this finding, together with the smaller size of the effect in free 

recall than recognition was likely due to statistical power, free recall might also 

require deeper, semantic encoding (Roediger & Challis, 1989) and could therefore 

be less influenced by mere visual attention at encoding than later recognition 

memory.  

My first hypothesis (task validation) was largely confirmed, showing the 

expected prioritization of negative over neutral stimuli in attention and the 

resulting increase in later memory. My findings support the use of my paradigm 

as one that is able to test the general effects of emotion on attention and later 

memory. Therefore further investigation of how coping style mediates the effect 

of emotion on attention and memory can be achieved.  
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4.2 Individuals with a Repressive Coping Style Under-Report Physiological 

Stress  

 Using a stress induction task in conjunction with self-report mood scales, 

repressive individuals classified with conventional trait-anxiety and defensiveness 

questionnaires, similar to Weinberger et al. (1979), did not differ from low-

anxious or high-anxious participants in skin conductance levels (SCL) during the 

stress task, but showed a trend effect towards reporting less negative mood 

changes in the visual analogue scale (VAS) than the high anxious participants 

after the stress task. The lack of higher physiological stress in the repressor group 

compared to high and low anxious was unexpected, but the combination of the 

two measures (used to create the autonomic response dissociation [ARD] score) 

revealed that repressors were the only group with a significant reporting bias 

indicating under-reporting of stress-induced changes in SCL. Their ARD was also 

significantly different from that of high anxious participants, who showed a trend 

in the opposite direction (i.e., over-reporting of negative mood in conjunction 

with relatively smaller stress-induced SCL elevations). These findings are 

consistent with previous research (e.g., Barger et al., 1997; Coifman et al., 2007; 

Newton & Contrada, 1992; Pauls & Stemmler, 2003) and confirm hypothesis 2. 

My findings support that repressors, relative to individuals with other stress 

coping styles, do not accurately report their physiological arousal levels in 

stressful situations.  

The function of such ARD in repressors has been argued to represent a 

defensive mechanism aimed at avoiding the conscious experience of distress 

(Asendorpf & Scherer, 1983;  Brosschot & Janssen, 1998; Gudjonsson, 1981; 

Pauls & Stemmler, 2003; Weinberger et al., 1979), especially with regard to 

personal or social threat (Derakshan et al., 2007; Newton & Contrada, 1992). 

Mental arithmetic tasks such as the one in the current study are thought to probe 

psychosocial stress, such as a type of stress resulting from situations that target 

important aspects of one’s self- and social image. A mental arithmetic task is part 

of the Trier Social Stress Test (Kirschbaum et al., 1993), the ‘gold’ standard for 

psychosocial stress induction. The perception of an evaluative audience, achieved 

in my experiment by the presence of and the continuous evaluative feedback from 
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the experimenter, has previously been reported to result in heightened self-

awareness and has been argued to increase the effects of social standards on self-

perception and behaviour (Carver & Scheier, 1981). 

My results cannot speak directly to potentially separate contributions of 

threat to one’s self-image compared to one’s social image and to the specific roles 

of either in repressive coping style. The question whether repressors are 

particularly sensitive towards social- compared to self-evaluative situations has 

been debated previously. For example, Baumeister and Cairns (1992) found that 

negative performance feedback delivered either in a social or a private setting led 

to increased reading time in repressors in social settings and decreased reading 

time in private settings. That is, the presence of a social evaluative context may 

have disabled repressors’ natural defense to dismiss unwanted thoughts, and 

instead motivated them to dwell on potential embarrassment while they were able 

to avoid such when in private (see also Myers & Derakshan, 2004). Using self-

report and heart-rate change measures, Newton and Contrada (1992) further found 

repressors to engage in autonomic-response dissociation only in experimental 

conditions with concurrent presence of others but not in private conditions, 

emphasizing a social determinant of ARD. However, Barger and others (1997) 

showed that situational contexts varying the public or private nature of the 

experimental setting, did not modulate repressors’ ARD when using SCL as the 

physiological component of the ARD, compared to heart rate changes as done by 

Newton and Contrada (1992). That is, Barger and colleagues’ (1997) findings 

suggest that repressors’ ARD is elicited regardless of the nature of the setting, at 

least when SCL measures are used. Heart rate changes indicate a shorter-lasting 

sympathetic arousal response triggering motivational, appetitive approach 

behaviour (e.g. Fowles, Fisher, & Tranel, 1982; Tranel, 1983). Skin conductance 

is understood as part of an system that responds to aversive situations and is 

sensitive to behavioral inhibition in the face of threat (Fowles, 1980). Thus, it can 

be argued that using SCL to specifically assess the automatically triggered, 

avoidant aspect of repressive coping is a more appropriate measure than heart rate 

changes (Barger et al., 1997), a reason why SCL was used here.  



  

84 

 

Another possible reason for the observed discrepancies in private/public 

determinants of ARD in repressive individuals is the use of different 

defensiveness measures across studies. The most commonly employed scale, the 

MC-SDS (Crowne & Marlowe, 1964), consists of both, items measuring inward-

directed, exaggerated perceptions of grandiosity and items measuring publicly 

observable aspects of socially desirable behaviours. That is, depending on which 

particular items (i.e., those of a more private versus those of a more public nature) 

within the MC-SDS were endorsed by the respective groups of repressors across 

studies, repressors’ sensitivity (i.e., their ARD) to the different situational 

contexts may differ, something that was not addressed within these studies. To 

avoid this ambiguity at least on the level of the defensiveness dimension of 

repressive coping style, I used the BIDR-SDE (Paulhus, 1991) which explicitly 

targets the inward-directed dimension of defensiveness (i.e., self- rather than 

other-deception) which is thought to be more closely related to the conceptual 

definition of repressive coping as a relatively unconscious defense mechanism 

that is automatically exhibited (Derakshan, 1999; Weinberger, 1990; Weinberger 

& Davidson, 1994). Nevertheless, as mentioned above, my paradigm did not 

separate situational contexts and although this separation is indeed inherently 

difficult to achieve with ego-threat manipulations (Leary, Terry, Allen, & Tate, 

2009), this remains an open question for future studies.  

Regardless whether elicited automatically in all situations or only in 

certain situations, the implications of a stress coping style where subjectively 

acknowledged distress and physiological arousal are dissociated, is wide-ranging. 

For example, findings from health psychology have shown that repressive coping 

style might lead to an elevated likelihood of certain physical illnesses, including 

cardiovascular diseases and cancer (Mund & Mitte, 2012). Myers (2010) proposes 

the idea that repressors may be negligent towards their physical self-care, to the 

extent of compromising their health, at least when they feel not in control of such 

health-behaviours. An interesting possibility in this regard is that repressors might 

have a dissociation between acknowledging physical pain compared to emotional 

distress. For example, Burns and others (2010) induced pain (thermal pain with a 
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cold pressor test, ischemic pain with an arm cuff) and tested participants’ ratings 

of their emotional distress and physical pain severity during and after the pain 

induction. Repressors, relative to other coping style groups, over-reported 

physical pain experience but under-reported emotional distress, a pattern that was 

argued to resemble a ‘conversion’-like process (that is, re-interpretation of 

emotional distress into somatic symptoms). This ‘conversion’ process was further 

argued to be achieved by diverting attentional allocation away from emotional 

distress and towards sensory pain: In a dot-probe task after pain induction, 

repressors in Burns and others (2010) showed an attentional bias towards pain 

words, and away from emotional distress words. . 

In summary, I could confirm – in agreement to my second hypothesis – 

that repressors selected based on low self-reported trait anxiety and high levels of 

self-deceptive enhancement substantially under-report their experienced levels of 

stress during a psychosocial stress task. As a note of caution, one should still keep 

in mind that changes in SCL and mood were relative scores. That is, even though 

the arbitrary qualities of typological cut-off scores to distinguish groups were 

avoided by way of using a continuous ARD score instead, it still is a relative score 

that depends on the average ARD of the tested participants (and not the entire 

‘population’). Nevertheless, finding high anxious individuals at the bottom and 

repressors at the top end of the ARD was encouraging and enabled the use of the 

ARD for the further analyses and test of hypothesis 3. 

4.3 Attention as a Function of Autonomic-Response Dissociation  

The ARD was positively correlated with picture viewing time, negatively 

correlated with the time of first picture fixation and viewing time of distractors, 

regardless of the emotional valence of the pictures. These findings are in 

opposition to my hypothesis 3a, which suggested that high ARD would be 

associated with earlier fixations to negative pictures specifically and with a 

shorter view time of negative pictures, especially if accompanied by distractors.  

In general, under stress (selective) attention becomes focused on task-

relevant information at the expense of task-irrelevant information (Chajut & 

Algom, 2003, Easterbrook, 1959). Although the participants generally showed a 
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preference in viewing emotional compared to neutral pictures, the task potentially 

rendered all stimuli ‘relevant’ insofar as they all were supposed to be counted I 

also did not ask to selectively focus on (or ignore) certain types of pictures. It is 

therefore possible that individuals with a more pronounced physiological reaction 

to stressful situations (i.e., those with high ARD) were particularly focused and 

attentive to all pictures. In support of this interpretation, the physiological (SCL) 

component of the ARD, but not self-reported mood drove the positive correlations 

between ARD and viewing patterns. Although the results are correlational, 

physiological stress levels might have led to the increased task focus, indicated by 

visual attention. This is especially likely as the encoding task occurred 

immediately after the stress task. That is, physiological consequences of stress 

induction, also including stress hormones like cortisol, although not measured 

here, peaks in concentration at about 20 minute after initiation of similar 

psychosocial stress tasks. Therefore, if triggered in my experiment, stress 

(cortisol) may have had maximum levels during the encoding task (for a more 

detailed description of the time-course of stress-induced cortisol increases see 

Wolf, 2008).  

Earlier attention to picture stimuli as a function of high ARD, regardless 

of valence here, may still imply a repressor-specific attentional vigilance 

mechanism as proposed in previous studies, with a function of enhancing the 

probability to detect threats in the environment (Derakshan et al., 2007; Hock & 

Egloff, 1998; Kline et al., 1998; Mogg et al., 2000). Before information can be 

‘avoided’ or otherwise inhibited, it first has to be detected in some way (Holmes, 

1990). Thus, the positive correlation between time of first picture fixation and 

ARD score may indicate continuous monitoring of the experimental stimuli for 

potential threat. As outlined prior, I purposefully assessed relatively natural 

viewing patterns with an innocuous, low-level orientation task. That is, I used no 

experimental manipulation or instruction that motivated 

engagement/disengagement from certain types of stimuli as was done in previous 

(selective) attention studies in repressive coping style or in studies assessing stress 

effects on attention to emotional versus neutral materials (Applehans & Luecken, 
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2006; Ellenbogen et al., 2010; Ellenbogen et al., 2002; McHugh, Behar, Gutner, 

Geem, & Otto, 2010). For example, when explicitly asked to do so, repressors are 

better than non-repressors in suppressing negative thoughts they are asked to 

suppress (Barnier et al., 2004; Geraerts et al., 2007; Geraerts et al., 2006). 

Dichotic listening tasks (i.e., selective attention tasks) have shown repressors to be 

better at ignoring negative information than non-repressors (Bonanno, Davis, 

Singer, & Schwartz, 1991), when asked to do so. Schwerdtfeger and Derakshan’s 

(2010) emotional dot-probe findings also confirmed that repressors show earlier 

attention and facilitated disengagement from prior threat locations on the screen if 

cued with an angry face, compared to non-repressors. These selective attention 

paradigms place very different demands on executive control of attention on 

repressors. An interesting related finding comes from Geraerts and others (2007) 

show showed that repressive individuals’ ability to suppress unwanted thoughts in 

a thought-suppression paradigm was mediated by their increased working 

memory capacity. That is, repressors might be generally superior in volitional, 

executive control of processing resources.  

To keep with the Vigilance-Avoidance Theory, it remains possible that a 

higher ARD, if triggered by an acute stressor, may facilitate a state of 

preparedness in anticipation of potential threat. Such could be achieved by a 

valence-unspecific increase in attentional vigilance. The fMRI results from Rauch 

and others (2007) and Paul and others (2011) used perhaps the most similar 

design as mine in that their passive viewing tasks also did not dictate how to 

attend to the stimuli. Heightened cortical activity in repressors during processing 

of emotionally charged faces, which in Paul et al. (2011) comprised not just 

negative emotional faces, but also happy faces. Thus, it could be speculated that 

anticipation of potential threat may have facilitated a state of vigilance during my 

attention task that was more pronounced as a function of high ARD.  

Several other features of my experiment may have prevented vigilance to 

be selective for the negative pictures, and perhaps as a consequence, I also 

observed no attentional avoidance as function of high ARD, in contrast to my 

hypothesis. First, the nature of the picture stimuli may not have been threatening 
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enough and the pictures were not explicitly self-relevant. As noted by Derakshan 

and colleagues  (2007), the Vigilance Avoidance Theory pertains specifically to 

self-relevant threats, and not necessarily all negative information. Self-relevance 

in studies with repressive coping style is usually achieved by the use of verbal 

materials such as autobiographical information (Davis & Schwartz, 1987), verbal 

negative performance feedback (Mendolia & Baker, 2008), self-descriptive words 

(Alston et al., 2013; Fujiwara et al., 2008; Newman & McKinney, 2002) or story 

vignettes involving one’s own name (Hock & Krohne, 2004; Saunders et al., 

2012). A clear advantage of pictures over verbal material is that pictures are more 

potent in inducing emotional arousal (LaBar & Cabeza, 2006). However, unlike 

with verbal materials, it is difficult to create truly self-relevant pictures suitable 

for an experiment such as mine. One possibility would have been to collect 

personal photos from participants’ private repertoires. However, matching such 

pictures in other important characteristics would have been difficult to achieve 

(e.g., complexity, participants’ age at the time the picture was taken, hue, 

luminance, etc.). An alternative that was entertained at the time of designing my 

study would have been to take new pictures of the participants, in the experiment. 

However, this approach would not have achieved the high number of clearly 

differentiable pictures I needed for my experiment. Thus, if avoidance of 

experiencing emotional arousal is a core feature of repressive coping style (Avero 

et al., 2003; Davis & Schwartz, 1987; Derakshan et al., 2007; Mogg et al., 2000), 

sufficiently arousing information, i.e., pictures as opposed to verbal materials, 

should be presented to evoke it. This assumption motivated my choice of pictures 

sacrificing self-relevance as an item feature. In retrospect, one could have used 

biologically relevant information, such as facial expressions. Potentially, facial 

expressions may have enabled avoidant viewing patterns better, as their content 

may have been processed faster than that of the more complex scenes. However, 

emotional facial expressions are also less arousal- inducing than scene pictures 

(Sabatinelli et al., 2011), and therefore could have also been problematic. An 

unexplored option for analysis of my viewing patterns is to examine the time 

point of first fixation on screen locations outside the picture to infer when 
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participants first looked away from a picture. In other words, in addition to picture 

fixation duration and time point of first picture fixation, one could explore 

whether high ARD (or its components) led participants to fixate away from 

negative pictures earlier. Although unlikely, as overall viewing view times outside 

the pictures were shorter as a function of higher ARD, it remains possible that the 

time point of the first saccade away from the (negative) pictures was still earlier 

as a function of high ARD.  

Finally, the positive correlations between ARD and viewing durations of 

all pictures may also have been driven by an increased task-compliance with 

increasing ARD: Individuals with a higher ARD, after just having been prompted 

with the stress-inducing performance feedback in the mental arithmetic task, 

could have been managing their distress by being particularly compliant and 

attentive to the experimental demands. Since the stress task likely represented a 

threat to self and social image (as discussed previously) and by definition, 

defensiveness is high in individuals with a repressive coping style (i.e., people on 

the high end of the ARD), it is possible that those individuals were particularly 

driven to repair their mood by trying to perform well in the next following 

attention task. Thus, although I designed the task with the objective of creating as 

little influence on natural visual patterns as possible, participants with high ARD 

might have shown more (or any) attentional avoidance when not acutely stressed 

prior to the attention task.  

In summary, it appears safe to state that in a continuous visual attention 

paradigm with a low-level orientation task, high ARD is not associated with a 

vigilance-avoidance pattern for negative scene pictures, but with earlier fixations 

and continued attention to all pictures. This could be caused by a stress-induced/ 

arousal-mediated attentional focus on the task and/or better task compliance in 

high ARD individuals, although the lack of self-relevant picture content may have 

played a role as well.  

4.4 Memory as a Function of Autonomic-Response Dissociation  

The main memory findings were that ARD was uncorrelated to free recall 

accuracy and recognition sensitivity (either confident or non-confident 
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judgements), but was associated with a less pronounced enhancement of 

(confident) recognition memory for negative solitary pictures compared to neutral 

solitary pictures. Thus, in partial agreement with hypothesis 3b, ARD was 

associated with relatively reduced emotional enhancement of memory.  

There were no significant correlations between ARD and any of the four 

tested free recall rates (negative/neutral, solitary trials/distractor trials). As 

discussed above, free recall was quite low. Potential influences of individual 

differences on differential recall rates were therefore difficult to discern 

statistically. In other studies, repressive coping style has been linked to alterations 

in free recall in favour of retrieving self-serving information (e.g., Alston, et al., 

2013; Fujiwara et al., 2008; Saunders et al., 2012). The pictures chosen here did 

not contain directly self-relevant features and it remains possible that these stimuli 

did not elicit strategic inhibition in free recall. Another possibility is that high 

ARD would not affect the overall accuracy in recall of negative pictures but the 

specific features of the pictures that were recalled. This type of content analysis 

was not attempted here, but appears worthwhile as a follow up. For example, 

when attempting to retrieve and describe a negative picture, a participant could 

focus on describing neutral objects in the background of the negative scene. Such 

a description, if containing enough detail, would have been counted as a correct 

recall, without coding whether recall included or excluded specifically the 

negative aspects of the picture.  

The lack of a correlation between ARD and recognition sensitivity parallel 

the results in free recall accuracy. A few previous studies have assessed both 

recognition sensitivity and response bias in repressive coping style (Avero et al., 

2003; Davis, Singer, Bonanno, & Schwartz, 1988). Davis  and others  (1988) 

found no differences in response bias in repressors compared to non-repressors in 

an autobiographical memory study. Using non-personal materials, Avero and 

others (2003) found no differences between repressors (individuals with an 

avoidant coping style) and non-repressors (individuals with a task-oriented or 

emotion-oriented coping style) in recognition sensitivity of physical threat words. 

However, repressors showed a more conservative response bias towards threat 
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words, compared to non-repressors and no difference in response bias to neutral 

words, a finding in opposition to my current study which found more liberal 

response bias to negative pictures with increasing ARD (more repressive group). 

This discrepancy between my results and those of Avero and others (2003) may 

be due to the use of different materials (negative pictures versus physical threat 

words), or a likely more crucial difference in recognition memory procedure. 

Avero and colleagues’ (2003) participants were provided with a stimulus set in 

the recognition memory task containing all old items, intermixed with lure items. 

That is, participants were able to look at all possible recognition choices at once, 

and then selected those they thought had been presented previously. In contrast, I 

presented recognition stimuli one at a time, so that old/new decisions had to be 

based on one’s choice criterion in each trial, with no option to select between all 

possible targets and lures. Although speculative, this difference in setup could 

have led to favouring of ‘new’ responses to negative items in Avero and others, 

because repressors could have selectively attended to the neutral items and 

disregarded the negative items, which was not an option in my recognition task. 

Instead, high ARD in my task seems to have favoured confident recognition 

responses in general.  

The correlation between ARD and liberal biases for making confident 

recognition judgements was mostly driven by correct recognition of neutral 

pictures, and false alarms of negative pictures. Besides floor effects in non-

confident recognition judgements, a possible reason for the positive ARD 

correlation with confident, but not non-confident recognition may lie in the 

defensiveness dimension of the ARD. People with higher ratings in the self-

deceptive enhancement (SDE) portion of the BIDR tend towards over-confident 

responses regarding their own qualities and abilities (e.g., Shane & Peterson, 

2004). Participants here judged their own recognition memory quality and high 

ARD scorers were predominantly those with high BIDR-SDE ratings. 

Interestingly, overconfidence was only seen in the recognition memory 

judgements for negative pictures. That is, ARD increased false confidence in 

one’s own memory only for negative lures, an outcome that resembles findings in 
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emotional memory regardless of coping style. People tend to overestimate their 

ability to learn and retrieve emotional, compared to neutral information (Talarico 

& Rubin, 2003; Zimmerman & Kelley, 2010). Based on my findings here, this 

tendency may become even more pronounced in people with high ARD. 

The most interesting memory finding here was that a high ARD decreased 

the size of the emotional enhancement of memory (EEM): while all participants 

on average recognised more negative than neutral pictures, this difference was 

reduced as a function of ARD and particularly so for negative, compared to 

neutral solitary pictures. Thus, although recall/recognition rates per se were 

uninfluenced by ARD, the relative reductions in the EEM for negative solitary 

pictures followed my predictions. Based on prior findings of reduced negative 

memories in repressive coping (either relative to memory for neutral/non-

threatening information [Alston et al., 2013; Fujiwara et al., 2008] or compared to 

negative memory in non-repressors; [Hock & Krohne, 2004; Krohne & Hock, 

2008]), I had expected some form of reduction in negative memories as a function 

of high ARD.  

Unlike in the attentional component of the experiment, the reduction in the 

EEM was largely driven by a positive correlation with self-reported negative 

mood in the VAS. In general, EEM is thought to be an arousal-mediated effect of 

amygdala-hippocampal interactions (Cahill & Alkire, 2003; Roozendaal & 

McGaugh, 2011). Arousal can increase encoding and post-encoding processes as 

has been demonstrated by injecting epinephrine or exposing participants to 

emotionally arousing images prior or subsequent to encoding (A. K. Anderson, 

Yamaguchi, Grabski, & Lacka, 2006; Cahill & Alkire, 2003; Cahill & McGaugh, 

1998; Cahill, Prins, Weber, & McGaugh, 1994; Schwarze et al., 2012). The VAS 

and not the parameter coming closest to an arousal measure in my experiment, the 

SCL, mediated the relative lack of the EEM in higher ARD. In other words, 

people who self-reported the least mood change after the stress task were the ones 

with the least emotional memory enhancement. Even though the SCL was 

unrelated to the EEM, these people were also the ones with highest physiological 

response to the stress. Thus, although speculative, this could imply that people 
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with low VAS may have performed some form of deliberate down-regulation of 

arousal also during the attention task. By this logic, similar to their under-rated 

stress levels after the stress task, stress could have been induced and regulated by 

non-acknowledging it if triggered by the negative solitary pictures during the 

encoding task and/or at the time of retrieval. Previous studies have shown that the 

interpretation of autonomic arousal plays a critical role in mediating effects on 

cognition. For example, a stress induction study by Abercrombie, Kalin, and 

Davidson (2005) has shown that cortisol elevations were only associated with 

enhanced memory consolidation in those individuals who also reported to be 

emotionally aroused (see also Todd et al., 2013). That is, the interpretation of 

bodily stress reactions may critically alter the effects of stress-related arousal on 

cognition. This also resonates with repressive coping style-specific interpretations 

of stress reactions: If repressors interpret arousal or stress in a less emotionally 

distressing way compared to non-repressors, it is possible that the normative 

enhancement of memory due to emotion (i.e., noradrenergic modulation of 

hippocampal memory via the amygdala) is diminished. Interestingly, the effect 

was specific to negative solitary picture trials. These trials likely posed the 

highest potential “threat” in the context of this experiment. As the subsequent 

memory effect correlations with ARD were also specific to this particular 

condition, these findings will be discussed together in more detail below.  

The correlation between ARD and the size of the EEM should also be 

inspected from the opposite end: People with the worst reported mood after the 

stress task had the largest EEM. If amygdala response at the time of encoding will 

determine the (relative) modulation of memory by emotional materials (LaBar & 

Cabeza, 2006; McGaugh & Roozendaal, 2002; Talmi, 2013), and the low end of 

the ARD was dominated by individuals with high trait anxiety, a larger EEM 

becomes an obvious consequence. Neuroimaging studies in psychiatry near-

uniformly report hyperactivity of the amygdala or changes in prefrontal cortex 

modulation of amygdala activity across many psychopathological conditions, 

especially mood and anxiety disorders (Drevets, 2001; Fales et al., 2008; Hariri et 

al., 2005; Sheline et al., 2009; Townsend & Altshuler, 2012). Patients with 
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anxiety disorders consistently show attentional biases towards emotionally 

threatening materials (Ashwin et al., 2012; B. P. Bradley, Mogg, White, Groom, 

& Bono, 1999; Lapointe et al., 2013; LeMoult & Joormann, 2012; Shechner et al., 

2012). Emotional memory biases are more variable, but if observed, they also 

showed increases of the EEM in patients with anxiety disorders (Coles & 

Heimberg, 2002; Krans, de Bree, & Bryant, 2013; Mogg, Mathews, & Weinman, 

1987; Saunders, 2013). Although anxiety in my sample certainly was not in a 

pathological range, the correlation between high trait-anxiety and an exaggerated 

emotional memory enhancement appears congruent with these findings.  

In summary, high ARD was associated with a relatively lowered 

emotional memory enhancement for negative compared to neutral scene pictures. 

This finding was due to less self-reported stress after the stress task. These 

findings could imply regulation of the physiological arousal induced specifically 

by negative pictures that were presented without distractors, perhaps via non-

acknowledgement of subjective mood change.  

4.5 Linking ARD with Attention-Memory Interactions 

Does repressive coping (high ARD) act on attention/encoding, retrieval or 

both? This question requires inspection of several of my results together. Two 

important mechanisms underlying emotional memory enhancement are increased 

attention and increased emotional arousal at the time of encoding (e.g., Kensinger 

& Schacter, 2012; Talmi et al., 2007). The consistent increase in neutral and 

negative picture viewing time with increasing ARD speaks against a simple 

interpretation of repressive coping style effects lowering later memory via 

attention: The increase in view time did not translate into better later memory as a 

function of high ARD. Therefore, one may think that memory effects in 

repressive coping style are perhaps better understood through the operation of a 

mechanism at encoding unrelated to visual attention and/or through retrieval-

based mechanisms.  

However, ARD was selectively positively correlated with the size of the 

subsequent memory effect in free recall of negative solitary pictures (but none of 

the other picture types/conditions). That is, despite a lack of a correlation with 
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free recall accuracy, the link between attention and free recall specifically of 

negative solitary pictures increased with higher ARD. As alluded to above, in 

these trials, negative content is shown on the screen for five seconds with no other 

items to look at. In the context of my experiment, this was probably the most 

anxiety-provoking trial type. Although I did not assess participants’ arousal or 

thoughts during the viewing of the pictures, it is possible that individuals with 

high ARD scores could have engaged in verbal reinterpretation of the picture 

content and/or in regulation of their own emotional state because they had to 

attend to the negative pictures with nowhere else to look. The selective correlation 

with the self-report component of the ARD also speaks to a 

regulation/reinterpretation account: Those individuals with the least reported 

negative mood changes were the ones with the strongest free recall subsequent 

memory effects for negative solitary pictures. ARD was unrelated to subsequent 

memory effects for negative pictures presented with distractors. Although this has 

to remain speculative, it might not have been necessary to the same extent to 

engage in any defensive manoeuvers during presentation of negative pictures with 

distractors, and therefore, subsequent memory effects for these trials were not 

correlated with ARD or its subcomponents.  

I previously found that negative self-relevant information was recalled less 

successfully by repressors than other types of materials when tested immediately 

after encoding while such avoidant retrieval bias was eliminated after a several 

day delay (Alston et al., 2013). Unlike findings pointing to a repressive 

discontinuity between preserved memory for threatening information (words, 

sentences, pictures) and reduced delayed recall by Hock and Krohne (2004) and 

Krohne and Hock (2008), I argue that repressors may engage in some form of 

reinterpretation of initially threatening information when given the time to do so 

(in the context of these prior studies, a several-day delay between encoding and 

retrieval). The stimuli in the current experiment were displayed on the screen for a 

length of five seconds and the only task was to count the items on the screen. On 

average, counting to ‘1’ required participants a bit more than one second, leaving 

four seconds additional time unrelated to performing the counting task. What 
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precisely people with high ARD did in those additional four seconds and whether 

they attempted some form of re-interpretation cannot be resolved within this 

experiment, although again, an in-depth analysis of the content of the written 

descriptions given during free recall might be a useful future step to resolve this 

open question. 

The stronger link between attention and free recall for negative solitary 

pictures in people with high ARD did not actually increase recall. Thus, perhaps 

people with high ARD spent more visual attention to the negative solitary pictures 

in order to decrease their experienced arousal while viewing them, which would 

then be selectively related to memory for those particular pictures. My prior 

interpretation of higher task compliance in high ARD individuals agrees with this 

suggestion: If individuals with a higher ARD tried to do well in the encoding task, 

this could have been particularly difficult in trials with negative solitary pictures 

which may have caused stronger influences of attentional factors on later memory 

for those trials only. Visual attention then could have functioned to overcome 

arousal-related reactions to negative solitary picture trials, and these two effects of 

attention and arousal (regulation) during encoding could have canceled out. Such 

would render the link between attention and later memory stronger without 

increasing recall accuracy. 

Similar to the interpretation of the ARD correlations with subsequent 

memory effects in free recall, it is possible that maintaining visual attention on 

negative pictures in which no other viewing options were present, rendered 

attentional influences on recognition memory stronger. The subsequent memory 

effect in recognition memory was correlated with SCL,in the same condition 

where I observed an actual decrease in the emotional enhancement of recognition 

memory, but this time correlated with self-reported mood. Individuals with the 

highest SCL changes may have used their view time in these trials as some form 

of arousal/emotion regulation attempt. Again, as I did not measure arousal during 

picture viewing I cannot resolve whether participants engaged in emotion 

regulation via attention. However, I suggest that while overtly attending to 

negative solitary pictures, down-regulation of emotional arousal may also have 
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decreased the emotional impact of these pictures, decreased relative 

enhancements of emotional compared to neutral memory and therefore leaving 

visual attention more predictive of the remaining recognition accuracy (e.g., in 

trials in which arousal regulation was successful). Considering the selective 

correlations between EEM and the VAS, individuals who under-acknowledge 

their arousal in the stress task were also those who showed the smallest EEM. 

Due to the continuous nature of the ARD, this also means that those with the 

largest EEM were people who over-report their subjective experience of arousal. 

If similar mechanisms as those underlying the ARD are engaged during the 

encoding task, one may speculate that not acknowledging arousal may be 

associated with a relative neutralization of emotional pictures in memory while 

exaggerated interpretation of arousal may be associated with an exaggerated 

memory advantage of emotional over neutral pictures.  

Thus, the question whether encoding or retrieval-based mechanisms 

mediate emotional memory in people with a repressive coping style remains only 

partly answered. Based on my results, I suspect that emotion regulatory efforts 

and/or reinterpretation of threatening implications was signified by increased 

attention which was only predictive of later memory in negative picture trials 

which left no ‘visual escape’. People can and do regulate their emotions through 

attentional modulation (Wadlinger & Isaacowitz, 2011) and this remains an 

exciting avenue for further exploration within the repressive coping style.  

4.6 Limitations 

A few limitations of my study should be mentioned. Overall, the effects I 

observed with the ARD were small, making the most obvious limitation to my 

study its sample size. As such, applying an estimate to my correlation results, 

suing an average correlation of r = 0.25 with a stringent significance level of α = 

0.0125 and 80% power, the required sample size would n = 174 (Lachin, 1981).  

A substantial increase of my sample, as in any correlational study testing 

individual differences, would therefore be desirable to solidify the effects I found 

here and/or reject any spurious findings. In addition, there remain many additional 
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task parameters of potential interest. For example, pupil dilation was also 

recorded during the attention task, which may serve as an index of arousal ( 

Bradley, Miccoli, Escrig, & Lang, 2008) and could be particularly useful to test 

my speculations about the simultaneous action of visual attention and (regulation 

of) arousal as a function of high ARD. Another additional analysis of my viewing 

patterns would be to test the time point of first fixation on screen locations outside 

the picture.. This may clarify whether high ARD led participants to fixate away 

from negative pictures earlier, and may be a potential indication of attentional 

avoidance. In addition, a more detailed analysis of viewing patterns as they 

evolved during the entire five seconds could be informative. For example, one 

could analyse when and how often participants looked at and away from the 

pictures. In the free recall data, a qualitative analysis of written picture 

descriptions may indicate if ARD was related to recall of non-arousing details 

from negative pictures. Although discussed in some length above, the use of non-

personal materials does pose a challenge to the specificity of my findings to the 

theoretical conceptualization of the repressive coping style. Null-effects can 

therefore always be ascribed to this shortcoming. Ideally, I would have wanted to 

use highly arousing, negative, and personal stimulus materials, which is 

problematic for practical and ethical reasons. Finally, my analytical approach was 

restricted to correlations and follow-up multivariate analyses (e.g., multiple 

regression models) would more appropriately control for false positive errors. 

Again, this would ideally be attempted with a larger sample size. 

 

4.7 Future Directions 

Measuring physiological arousal (via electrodermal response) during 

encoding and retrieval tasks would be an ideal next step to take. This would 

provide a direct measure of stress levels in response to my stimuli and provide a 

clearer picture of participants’ arousal during my task, as well as an indication of 

how ARD may modulate these responses to the emotional pictures per se. The 

five second length of my stimulus presentation would be ideal for electrodermal 
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(SCL) measurement and may give a clearer picture of how emotionally arousing 

my stimuli were to each individual participant as a function of their coping style.  

5. CONCLUSION 

Do individuals with a repressive coping style employ vigilance and 

avoidance at encoding, retrieval, or a combination of the two? I found an intricate 

pattern of modulation of attention, memory and their link as a function of emotion 

and ARD which renders this initial question somewhat simplistic. Unlike prior 

suggestions of attentional vigilance-avoidance patterns as repressor-specific, ARD 

increased viewing time for emotional and non-emotional stimuli without 

concurrently increasing memory. While the selective advantage of emotional over 

neutral memory decreased as a function of ARD, the influence of attention on 

memory increased but only in the most emotional trial type. These findings imply 

that higher levels of repressive coping may lead to a stronger reliance on visual 

attention to serve later memory for negative information at least in situations 

when attentional avoidance is not possible. Thus, individuals with a repressive 

coping style might be able to selectively shift their attention to regulate the impact 

of emotional information on cognitive processes, a hypothesis that should be 

tested further and more directly in future studies. 
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APPENDIX 

 

Appendix 1: Self-Assessment Manikin (SAM) scale to assess arousal and valence 

in pictures in the norming task 

 

AROUSAL: 

 

VALENCE:
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Appendix 2. Preparatory instructions given to participants before consenting to 

participate in the norming or the main experiment. 

I am going to show you some pictures now to give you an idea about the type of 

material we will be using in the actual experiment. Many of these pictures are 

designed to arouse a negative emotional response in you (for example, a car 

accident, war scenes, etc.). Although these pictures have been used in many 

previous studies, some people may find them distressing and might prefer not to 

take part. Your participation is entirely voluntary. If you feel that you don’t want 

to look at pictures like this, we can stop right now with no penalty to you. And, 

even if you do agree now to start looking at these pictures, you are free to stop 

before the end of the experiment with no penalty—all you have to do is say you 

want to stop.  

Do you want to continue? [Stop here if they say no.] 

 

I’ll show you some example pictures, so you can get a sense of what we’re talking 

about: 

  

Would you like to go on? [Stop here if they say no.] 

Please keep in mind that some of the pictures that we show you will depict 

distressing events, such as acts of violence or trauma. These can be emotionally 

involving. You may choose not to answer any of the questions that we ask you or 

even to discontinue participation altogether. The researchers are aware of the 

sensitive nature of the subject matter addressed in this study and we will fully 

support your decision. In fact, we encourage you to decline participation in this 

study if you have recently experienced signs of acute distress, specifically: (1) if 

you have experienced psychological distress for which you have sought therapy 

or counseling or (2) if you have been so distressed that you have lost weight, had 

trouble sleeping, taken continuing medication, or become dependent on alcohol to 

relieve that distress. 
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Appendix 3.  Questionnaires used in mass-testing for participant pre-selection. 

 

Example items of the State-Trait Anxiety Inventory for Adults (Trait-version) 

(Spielberger, Gorsuch, Lushene, Vagg & Jacobs, 1983). 

 

Example items of the Balanced Inventory of Desirable Responding (Paulhus, 

1991). 

Instruction: Please read each statement carefully. Please choose the rating that 

seems most appropriate to you. Do not spend too much time on any one 

statement, but give the answer which seems to best describe what is generally true 

for you. 

 

1 ------------2------------3-----------4------------5------------6------------7 

        NOT                   SOMEWHAT                               VERY 

       TRUE                          TRUE                                TRUE 

 

 
1. My first impression of people usually turns out to be 

right 
1 2 3 4 5 6 7 

2. It would be hard for me to break any of my bad 

habits (R) 
1 2 3 4 5 6 7 

3. I don’t care to know what other people really think 

of me 
1 2 3 4 5 6 7 

4. I have not always been honest with myself (R) 1 2 3 4 5 6 7 

5. I always know why I like things 1 2 3 4 5 6 7 

R = Reverse scored 
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Appendix 4.  Correlations between Subsequent Memory Effects (SME, free 

recall/confident recognition) and autonomic-response dissociation (ARD), 

increase in skin conductance level (z-SCL), increase in negative mood in the 

visual analogue scale (z-VAS). 

 Negative 

Solitary 

Negative with 

Distractors 

Neutral 

Solitary 

Neutral with 

Distractors 

 Free recall  

ARD  0.28
*
 0.03

 
0.03

 
0.07 

z-SCL change 0.1 0.02
 

-0.04
 

0.11 

z-VAS mood 0.29
*
 -0.03

 
-0.08

 
0.03 

 (n = 103) (n = 107) (n = 77) (n = 101) 

  

Confident recognition 

ARD  0.14 0.09 -0.05 0.12 

z-SCL change 0.23
† 

0.08 -0.03 0.11 

z-VAS mood 0.03 -0.05 0.03 -0.05 

 (n = 102) (n = 107) (n = 106) (n = 107) 

*: p < 0.05, Bonferroni-corrected; †: p < 0.05, uncorrected 

 


