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1. Introduction 

1.1. Topic and Context 

Over the past decade, depression has become the subject of public focus. It was the leading 

cause of disability worldwide in 2020, according to the Global Burden of Disease Study (Lopez & 

Murray, 1998). The major symptoms of depression include depressed mood, diminished interest or 

pleasure in everyday activities, and lack of drive. Secondary symptoms may include feelings of 

worthlessness, guilt or hopelessness, changes in appetite, sleep disturbances, loss of energy, reduced 

concentration, indecisiveness, restlessness, and thoughts of self-harm or suicide (American 

Psychiatric Association, 2013; World Health Organization, 1992). Depression can lead to a 

significant reduction in not only the quality of life and life expectancy but also productivity; it is a 

burden for affected families and the social environment (Stoppe et al., 2006). 

Driven by the considerable impairments caused by depression on different levels, many 

efforts have already been made to develop helpful treatment options. Both the American 

Psychological Association and the Association of the Scientific Medical Societies 

(Arbeitsgemeinschaft der Wissenschaftlichen Medizinischen Fachgesellschaften) have 

recommended a number of significant and effective pharmacological and psychotherapeutic 

approaches and other therapeutic interventions in their treatment guidelines (American Psychological 

Association, 2019; DGPPN et al., 2015). However, since relapse rates are high for psychotherapeutic 

and pharmacological treatments (Steinert et al., 2014), no definitive treatment option for depression 

has been identified. In addition, there is insufficient treatment capacity for existing treatment options 

with psychotherapy and waiting lists for treatment places are long (BPtK, 2018). Thus, it is important 

to offer a variety of shorter-term and less invasive interventions to patients in addition to existing 

treatment options such as psychotherapy and pharmacotherapy. The effects of existing and applied 

therapies could be enhanced. Short-term interventions would also relieve the suffering of patients 

who are on waiting lists for treatment. 

To develop therapy targets, it is essential to understand the possible causes and mechanisms 

of depression. Because these are complex, they are not listed in the official, purely descriptive 

classification systems of the World Health Organisation and the American Psychiatric Association. 

Therefore, the scientific findings from the abovementioned treatment guidelines are used as a basis 

for research on a new and optional form of treatment. Although these guidelines do not differentiate 

between the efficacy (outcome under laboratory conditions), effectiveness (outcome under real-life 

conditions in clinical practice), or efficiency (view of cost-benefit ratio) of different 

psychotherapeutic schools, they indicate cognitive behavioural therapy (CBT) as the most researched 

and operationalized form of treatment for depression (DGPPN et al., 2015). The theoretical basis of 

CBT for emotional disorders is that cognitive actions play a role in the development of emotional 

resilience or emotional vulnerability. It is widely known that cognitive biases in the processing of 

emotional information are an important factor in the development, persistence, and recurrence of 
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depression. Distorted thinking occurs in different cognitive domains, such as attention, interpretation, 

and memory. Biased memory of negative emotional information is especially relevant in the onset 

and maintenance of depression with relatively enhanced memory for emotionally negative 

information (Beck, 1967; Gotlib & Joormann, 2010; Mathews & MacLeod, 2005; Nolen-Hoeksema, 

1991). 

 

1.2. Focus and Scope 

In recent years, computer trainings that attempt to modify the abovementioned attention and 

interpretation biases – a practice known as cognitive bias modification (CBM) – have been developed 

to address anxiety and depression. A new computer-based CBM training was designed for the present 

study. The innovation of this work was a focus on reversing negative memory bias. It was also 

intended to be easily applicable and cost-effective. While comparable trainings have rarely been 

conducted with patients who are currently suffering from depression, this study focused on a clinical 

population. 

 

1.3. Relevance 

The evaluation of this computer training is relevant because the integration of previous 

psychological-psychotherapeutic knowledge has been incorporated into its development, and 

previous findings on cognitive processes affecting memory could be confirmed and extended. It thus 

contributes to process research. In addition, it can answer questions about the effectiveness of 

therapeutic options whereby it contributes to outcome research, thereby helping to reduce the 

problem of the ‘psychotherapeutic care gap’. In today's digitized era, this study adds to the 

understanding of depressive disorders and modern treatment options. 

 

1.4. Thesis Outline and Reading Order 

Understanding the historical development and foundation of the cognitive theories and 

models used to explain the onset, maintenance, and recurrence of affective disorders such as 

depression enables the classification of the new training presented in this study according to familiar 

schools of thought. Therefore, an overview of cognitive models and inherent tendencies to process 

information – so-called cognitive biases – is provided in the theoretical background in the next 

section. The latter explains how these biases are related to each other and to emotional imbalance 

(the main feature of depression) to use them as a basis for the development of a new therapeutic 

approach: CBM. Since this study is concerned with changes in memory bias, relevant results from 

previous studies are presented. Rumination is cited and described as a possible mechanism of 

negative memory bias. Based on these key findings, five main research questions and related 

hypotheses are derived. In Chapter 2, the development process for the training and the methodology 

used in the study are described. In Chapter 3, the results of the study are presented. Chapter 4 contains 
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a discussion based on these results; the main findings are summarized and critically appraised, and 

the study's limitations are mentioned. Additionally, suggestions for future research are made. The 

conclusion presents an evaluation of the findings. 

 

1.5. Theoretical Background and Literature Review 

Several explanatory models for depression have been proposed, and the CBT approach is 

based on these. Databases such as PsychInfo were used to search relevant literature on the underlying 

theories and ideas for these models. Research began with the identification of vulnerability factors 

for the onset and maintenance of depression. 

In his prominent cognitive theory of depression, Beck (1967) stated that automatic negative 

thoughts and underlying negative assumptions (schemas) about oneself, others, and the future 

(collectively known as ‘the cognitive triad’) are acquired in infancy and account for the onset of 

depressed mood. 

Teasdale (1988) built on this knowledge with his differential activation hypothesis by 

contributing to the explanation of the onset and persistence of depression as well as its severity and 

endurance. He differentiated between onset vulnerability and persistence vulnerability and described 

a reciprocal relationship not only between dysfunctional cognitive processes and ongoing events 

(onset vulnerability) but also between dysfunctional cognitive processes and past events (persistence 

vulnerability). According to Teasdale (1988), once a person is depressed, depression is reinforced 

and maintained through a vicious cycle of negatively evaluating not only current difficult events, but 

also past difficult events. This occurs through differential memory recall of global negative self-

referential constructs. Singer and Salovey (1988) investigated this idea in greater depth through 

Bower’s (1981) network theory of affect. The latter posits that depressed mood is at the basis of 

memory retrieval insofar as ‘material with affective tone that is congruent with current mood is most 

easily retrieved from memory’. In other words, once the spiral of depressed mood has been 

cognitively triggered, mood-congruent negative content is more easily retrieved and leads to further 

negative thoughts. Thus, cognition and emotion are in a mutually influencing relationship. 

This is also supported by the response styles theory (RST) (Nolen-Hoeksema, 1991), which 

specifies another type of dysfunctional cognition that contributes to the maintenance of depressive 

mood. It proposes that the way in which people respond to their own depressive indicators influences 

the duration of these indicators. The duration of depression is longer among people who fixate on 

their symptoms and their possible causes and consequences than among people who take actions to 

distract themselves from their symptoms. This is because members of the former group ‘allow’ their 

depressed mood to negatively bias their thinking and interfere with instrumental behaviours and 

problem-solving; this is known as a ‘ruminative response style’. 

Vulnerability arising from the interaction between dysfunctional cognitive-emotional 

processes unfolds in the context of the individual’s environment. To explain how this vulnerability 
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is interconnected with the incidents that people encounter, the learned helplessness theory proposes 

that depression results from the real or perceived absence of control over the outcome of a situation 

(Miller & Seligman, 1975). Abramson, Metalsky, and Alloy’s (1989) hopelessness theory of 

depression, which builds on the learned helplessness theory, proposes that people are more 

susceptible to developing depression if a negative life event joins their vulnerability. Cognitively, 

negative conclusions about the ‘causes, consequences, and self-worth implications’ of unfavourable 

events are reached. For example, a detrimental situation, which is seen as being caused by things that 

will always happen again, leads to more negativity and makes a statement about the worthlessness 

of that person (e.g., “I failed the exam because I am unintelligent thus, I won’t be able to manage my 

life.”). People who experience these thoughts are more likely to be at risk for hopelessness, which is 

a ‘proximal and sufficient cause of depression’. 

Over the past three to four decades, the abovementioned theories about cognitive models 

were developed and have influenced each other. They only partially overlap and have been evaluated, 

questioned, reviewed, and revised in different research streams. Although few attempts have been 

made to integrate them, they have all stated that cognitive appraisals determine whether an emotion 

is experienced and, if so, which one. Thus, emotions can be cognitively regulated. Through this 

common ground, the theories enabled more precise research into the cognitive processes associated 

with depression – later known as ‘cognitive biases’. In the definition of ‘bias’, neither accuracy nor 

imprecision is implied. It is also not about ‘wrong’ or ‘right’ information processing of the brain. 

‘Bias’ refers to a tendency to process information in a way that favours certain types of emotional 

valence or meaning. Mathews and MacLeod (2005) distinguished between multiple types of 

cognitive processes. Basic cognitive operations such as selective attention, memory, and 

interpretation, which occur early in the information processing sequence and often independently of 

consciousness or intention, are distinct from later reportable cognitive products such as rumination 

(which is explained in more detail below). In depression, bias is evident in all the above areas. A sad 

mood results in increased attention to negative words (Bradley et al., 1997). Depressed study 

participants have been found to favour negative information. Rather than enhanced engagement with 

negative information, they experience impairments in terms of disengagement of attention from the 

processing of negative information (Gotlib & Joormann, 2010; Koster et al., 2005). Depressed study 

participants have reported negatively interpreting ambiguous situations (Lawson et al., 2002) and 

enhanced memory of emotionally negative information (Mathews & MacLeod, 2005). According to 

the combined cognitive bias hypothesis, biased attention, interpretation, and memory are intertwined 

and influence each other (Everaert et al., 2012). In their evaluative paper, Hertel and Mathews (2011) 

concluded that evidence of a negative memory bias is well-established especially for depressed 

individuals. The latter are more likely to remember negative self-descriptive words and sad faces 

than healthy individuals. This was confirmed in a study by Vrijsen, Oostrom, et al. (2014). They 
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found that, in contrast to attention bias, memory bias was particularly associated with previous 

depressive episodes and might be an indicator of vulnerability to depression. 

Although the nature of the dysfunctional link between the cognitive distortions and emotions 

that underlie depression is not explicitly named by all authors, the question of the causality of this 

relationship is important in the context of influencing recovery from depression through therapy. 

Beyond merely measuring and observing biases, several experiments have demonstrated that biases 

can also be induced or manipulated in non-psychiatric populations. Furthermore, it has been shown 

that through inducing a bias, emotional vulnerability to stress can also be induced (Mathews & 

MacLeod, 2002). 

A decade after the first studies on the manipulability of cognitive biases and emotional 

vulnerability were published, a meta-analysis by Hallion and Ruscio (2011) summarized studies that 

manipulated familiar biases not only in non-clinical patients but also in psychiatric patients. Several 

previously validated procedures (e.g., the dot-probe task) were changed and new paradigms were 

developed with the intention of changing particular styles of cognitive processing that are considered 

to contribute to undesirable emotional reactions or disorders. As a result, a new approach called 

‘cognitive bias modification’ was established by using systematic practices in alternative processing 

styles. However, in Hallion and Ruscio’s (2011) meta-analysis, only CBM procedures related to 

attention and interpretation bias were evaluated, mostly among anxiety-prone individuals. The 

authors found that CBM exerted a small and positive effect on anxiety and depression symptoms. 

Beard et al. (2012) conducted a meta-analysis that confirmed this finding. They found small effect 

sizes with regard to changes in emotional states through CBM and an effect on bias, which means 

that the manipulation procedure worked. However, a difference between this meta-analysis and that 

of Hallion and Ruscio (2011) was that it only included attention bias procedures. In addition, Cristea 

et al. (2015) obtained contradictory results and did not find any effects of CBM in their own meta-

analysis. They cited possible explanations, including low study quality, the inclusion of non-clinical 

samples in some studies (although intending to represent therapeutic interventions for clinical 

purposes), a lack of clear description of underlying mechanisms, the heterogeneity of modification 

procedures and thus non-comparability of processes, and publication bias. Moreover, no CBM 

memory studies were included in this meta-analysis. 

Thus, some studies confirm the functionality of CBM, while others refute it. However, the 

current body of literature on the malleability of biases and emotional states has only referred to 

attentional and interpretive biases to date. Since memory bias is inherent to depression, the final 

disutility of CBM memory is debatable and the question of how memory bias could be changed 

remains unresolved. The few existing CBM memory procedures mainly work through the mechanism 

of manipulated interpretation processes, because attentional and interpretative biases influence what 

is recognized and memorized (according to the combined cognitive bias hypothesis). 
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Hertel and Mathews (2011) called for the development of new and direct CBM memory 

paradigms ‘either to alter the contents of memory, to impair memory for the undesirable thought or 

event, or to improve memory for the desirable thought or event’. Becker et al. (2015) conducted an 

evaluation of computerized CBM memory interventions in a review. They stated that there are 

different kinds of memory trainings. General memory trainings that target the improvement of 

working memory functioning respectively the improvement of an absence of functioning, rather than 

changing a dysfunction of working memory. In contrast there is a different kind of training that 

targets biased long-term memory processing (i.e., change a ‘dysfunction’ resp. bias). On the one hand 

these latter work through modification of other cognitive domains (see above). On the other hand, 

there are emotional memory trainings that directly target biased memory processing. While general 

memory trainings use non-emotional material to improve working memory functioning, emotional 

memory trainings seek to attenuate memory biases through emotional stimuli. According to Becker 

et al. (2015), ‘unsuccessful emotional memory suppression might be a core process in depressive 

rumination, providing an alternative during suppressing recall of negative material might be a 

successful strategy to alter emotional memory’. With this statement, they confirm Hertel and 

Mathews (2011) and suggest the usefulness of a paradigm that changes negative memory content by 

replacing the negative content with more functional content. The authors also suggest that an active 

way of interrupting subjects from recalling negative material seems more promising than a passive 

way. Specifically, this could work through providing a functional substitute and an alternative way 

of supressing rather than distracting subjects from negative content or ‘simply’ asking them to forget 

negative content. 

When designing new paradigms, it is thus important to address possible mechanisms that 

contribute to memory biases. Gotlib and Joormann (2010) identified ruminative responses to negative 

mood states and negative life events as a potential link between biased attentional, interpretational 

and memory processes and emotional deviation in depression, among other mechanisms. To define 

‘ruminative responses’ one can look at the word origin. The word ‘rumination’ comes from the Latin 

verb ruminates, which means ‘to think deeply’ but also ‘to chew the cud’ so to repeat a thought over 

and over again. As indicated above, defines RST rumination as repeated mental preoccupation with 

the symptoms of one's own depressive illness or negative condition. Rumination is regarded as a 

dysfunctional emotion regulation strategy. According to Marchetti et al. (2018), can rumination be 

seen in terms of both a state and a trait. 

Rumination has been viewed as a state episode or a temporary cognitive response that is 

highly dependent on situational cues and may be triggered by momentary perceived 

discrepancies between one’s goals and current state. Moreover, confirming its momentary 

nature, state rumination appears to fluctuate over the day, with a decrease at midday and an 

increase in the morning and evening. (Marchetti et al., 2018) 
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Alternatively, rumination can be seen as a trait or ‘a habitual tendency to engage in repetitive 

and passive self-focus in response to depressed mood’. A ruminative retrieval process of information 

from memory thus concerns the content and form of thoughts. The content is negative and centred 

on problems, the form is repetitive, rotatory or circling, abstract and automatic. 

Specifically, it has been shown that difficulty in removing negative and irrelevant words 

from working memory is highly correlated with self-reported rumination (Joormann & Gotlib, 2008), 

that dysphoric participants who are induced to ruminate report more negative interpretations of 

hypothetical situations and use less effective problem-solving strategies (Lyubomirsky & Nolen-

Hoeksema, 1995), and that the occurrence of mood-congruent memory retrieval as opposed to mood-

repair processes is critically determined by dysphoria and rumination (Joormann & Siemer, 2004). 

Experimental studies have also demonstrated the causal role of rumination in generalized 

autobiographical memory (Watkins & Teasdale, 2001, 2004). Thus, the link between depressed 

mood and mood-congruent negative memories (i.e., biased memory) may function via the repeated 

recollection of negative aspects (i.e., rumination; see RST by Nolen-Hoeksema (1991)). Repeatedly 

recalling positive aspects could thus be helpful in reversing a negative bias. 

Vrijsen, Becker, et al. (2014) attempted to use these implications in direct memory practice. 

They created a new cued emotional retrieval training. By using verbal information with a positive or 

negative emotional valence, they aimed to establish a training-congruent mode of processing – in 

other words, a bias in one direction or the other. In the training, participants were expected to 

memorize 10 positive and 10 negative words. After the memorizing phase, they were repeatedly 

shown fragments of these words. To acquire a bias in a particular direction, participants had to 

complete fragments of either positive or negative words by recalling the whole word and write it 

down. To measure whether the induction of bias worked, after the training, participants were asked 

to write down as many words they could remember, by freely recalling them. After repeated retrieval 

through completing the word fragments, global increases in the training-congruent accessibility of 

negative information in memory were observed. Participants in a community sample in a negative 

learning condition with a pre-existing negative memory bias retrieved more incorrectly negative 

words (words that were not learned before) than participants in the positive learning condition. 

However, the researchers could not achieve an effect on specific verbal memory bias (words that 

were learned before) but found evidence for the principal changeability of the retrieval of emotional 

memory contents. 

Subsequently, a positive memory change was demonstrated in a clinical sample through 

change of an interpretation bias and corresponding changes in  memory bias (Joormann et al., 2015). 

Vrijsen et al. (2016) aimed to elaborate on the direct modification of memory bias and build on their 

own results. Beyond increasing the global accessibility of training-congruent emotional information 

in memory, they tried to evoke specific training-congruent recall. To this end, they developed their 

earlier idea about cued emotional retrieval. By focusing on cued emotional retrieval practice they 
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attempted to model emotionally biased retrieval, which, as previously mentioned, is a central element 

of ruminative episodes and a key characteristic of depression (Nolen-Hoeksema et al., 2008). In 

contrast to free retrieval, cued retrieval enables specific memory functions. Because the cue has a 

reference function to another concept (positive or negative), targeted remembering in one direction 

or another (ergo positive or negative) can be forced. Moreover, Vrijsen et al. (2016) reasoned that 

‘retrieval practice is not only a process of interest because of its association with rumination; basic 

cognitive psychological research consistently showed that retrieval practice also serves to enhance 

performance on later tests of memory’. In this regard Vrijsen et al. (2016) refer to Karpicke and 

Roediger (2008), who have shown that repeated tests (retrieval practice or training) but not repeated 

study episodes (memorize) facilitate recall a week later. Thereby, each retrieval opportunity 

influences the later recall of the material. In their 2016 study, Vrijsen et al.’s objective was to mimic 

or oppose rumination as a mechanism of negative memory bias in healthy individuals. The retrieval 

practice simulated a resilient thinking style in the positive training condition, whereas the training 

aimed to induce a ruminative bias in the negative training condition. Therefore, the training contained 

a study phase, in which the participants were asked to memorize emotional word pairs (20 positive, 

20 negative). That was followed by a cued retrieval task of only the training-congruent word pairs. 

In a test phase 10 positive and 10 negative cues were given for bias assessment. The results of this 

study showed specific training-congruent recall of word pairs, which indicated the successful 

induction of a training-congruent bias. Furthermore, the positive retrieval practice resulted in a stable 

positive mood, whereas participants in the negative condition experienced a decline in mood. In 

addition, evidence of cognitive transfer was shown through congruent valence of a freely recalled 

life event (i.e., the chance that participants recalled more positive life events was higher when they 

recalled more positive word pairs and lower when they recalled more negative word pairs). Most 

strikingly, the effects of the training remained present at the one-week follow-up.  

Hertel et al. (2017) tied in with the idea of practicing negative recall to map the aspect of 

habit in rumination. They chose a similar methodology as Vrijsen et al. (2016) and stratified their 

sample along the vulnerability factor of rumination. They found in their student sample with high vs. 

low ruminators, a large practice effect of training congruent recall for both groups and mood 

improvement for high ruminators who practiced positive pairs. The researchers concluded that, 

positive retrieval practice has a counteractive effect on ruminative recall and depressive mood. They 

stated that ‘repetitive positive retrieval shows promise in counteracting ruminative recall and its 

consequences’. 

In recent years, there has been increasing evidence that CBM memory training through the 

methodology of cued retrieval practice leads to both specific training-congruent biases and transfer 

products, such as altered mood and training-congruent everyday biases. Building on response style 

theory (Nolen-Hoeksema, 1991) and underlining the automatic and thus habitual aspect of 

rumination (Watkins & Nolen-Hoeksema, 2014), retrieval practice (resp. training) may act as a form 



 Introduction 

13 

of habit reversal. This might be accomplished by allowing participants to engage in a specific 

cognitive action that replaces rumination. Cued repetitive positive retrieval might serve as an 

incompatible and competing response to rumination (by reciprocal inhibition). Through repeated 

remembering (i.e., cued retrieval) rather than simple memorization, the consolidation of material in 

memory is facilitated (Karpicke & Roediger, 2008). Combined with the induction of positive 

stimulus content, these mechanisms might be the helpful components in CBM memory. As in 

standard psychological treatment of depression, the intervention is cognitive but on a different, 

automatic level (Hertel & Mathews, 2011). In summary, memory bias may be influenced by change 

of both: content of thought during retrieval (i.e., positive, solution-centred thoughts, for example 

positive word pairs rather than negative and problem centred thoughts like in rumination) and form 

of thought during retrieval (specific thoughts for example word pairs, rather than abstract thoughts 

like ‘Why do I feel depressed?’). 

Because non-clinical populations were involved in the above-cited studies, it remains unclear 

whether the results also apply to clinical populations and specifically to depressed patients, as 

opposed to healthy subjects or subjects who are at increased risk for depression. Furthermore, due to 

the inclusion of healthy individuals, mood was previously measured by directly asking participants 

about it rather than in the form of symptom questionnaires. Therefore, a change in mood that 

manifests itself through a change in symptoms would be interesting for clinical effects of CBM. 

Furthermore, it remains unclear whether rumination could be a potential target for training in a patient 

population. 

Thus, the CBM memory training presented in this thesis is based on earlier paradigms 

(Vrijsen, Becker, et al., 2014; Vrijsen et al., 2016) and is designed to induce a positive memory bias 

with retrieval practice (cued repetitive positive retrieval). Its aim is to change the negative content of 

thought and dysfunctional form of recalled thoughts (i.e., rumination) in an in-patient population that 

includes participants with depression. This new and computer-based CBM memory training was 

tested in a randomized controlled trial (RCT) in four training sessions over the course of one week. 

The results of participants in the positive CBM memory training condition (intervention group) were 

compared to those of participants in a neutral CBM memory training condition (control group). In 

the positive training group, patients were instructed to retrieve positive verbal information, while 

participants in the neutral training group were advised to retrieve neutral verbal information. Main 

effects were assessed through changes in symptom levels and rumination. 

 

1.6. Derived Study Objectives 

To date, evaluations of CBM have focused mostly on the changeability of biases and moods. 

This training aims to go beyond these two steps. It aims to explore possible immediate therapeutic 

effects in the form of reduced depressive symptoms as well as deeper therapeutic effects such as 

increased positive memories. In addition, the role of rumination, as a mechanism of depressed mood 
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will be clarified as a possible starting point for CBM. This training could contribute to the 

development of a new therapeutic agent.  

 

1.7. Research Questions and Hypotheses 

Based on available knowledge about the role of rumination in memory bias and depressive 

symptomatology, the following five research questions and associated hypotheses were posed. There 

is one main research question and four sub-research questions. 

• Research question 1 (main research question): Will patients in the positive CBM training 

condition (intervention group) show a significant decrease in depressive symptoms in 

contrast to participants in the neutral condition (control group), as measured through 

clinician and self-ratings? A greater decrease in symptoms was expected for participants in 

the positive training condition in contrast to participants of the neutral training condition, 

as assumed in a similar study by Vrijsen et al. (2018). 

 

Because rumination can be differentiated into a state and a trait (Marchetti et al., 2018), the 

second and third research questions concerned the topic of rumination. 

• Research question 2: Will a trait-like ruminative mindset be changed through the positive 

CBM memory training and can a subsequent reduction in this pattern of thinking be 

observed? Again, a greater decrease in trait rumination was expected for participants in the 

positive training group than for participants in the neutral training group. 

• Research question 3: Will positive CBM memory training immediately reduce state-like 

rumination and thus depressive symptoms? According to Spasojevic and Alloy (2001), 

rumination mediates between depressive risk factors and depression. This finding, in 

combination with the expectation that CBM memory training could reverse the ruminative 

habit and thereby lead to a reduction in depressive symptoms, led to the analysis of state 

rumination as a mediator. 

• Research question 4: Will the positive CBM memory training affect autobiographical 

memory as a transfer of training to real-life emotional memory performance, as mentioned 

in Vrijsen et al. (2016)? It was expected that more participants in the positive training 

condition (intervention group) would recall a positive life event and a positive recent event 

than participants in the neutral training condition (control group) (Everaert et al., 2012; 

Vrijsen et al., 2016). 

• Research question 5: Will CBM memory training achieve the aim of inducing a positive 

memory bias, resulting in the condition-congruent recall of verbal information like in 

Hertel et al. (2017) and Vrijsen et al. (2016)? It was expected that participants in the 

positive training condition would remember more positive than neutral content and that 
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participants in the neutral training condition would remember more neutral than positive 

content. 
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2. Methodology 

2.1. Design of the Training Procedure 

A new computer-based CBM memory training for treatment of participants during 4 

sessions on the course of one week was created for evaluation in this study. For this purpose, 

previous paradigms from the studies of Vrijsen, Becker, et al. (2014) and Vrijsen et al. (2016) 

were used as a basis. In general, the training consists of 3 phases. The first phase (study 

phase) is about memorizing verbal stimulus material. The second phase (practice phase) is 

about retrieving verbal stimulus material. The third and last phase (test phase) is again about 

retrieving verbal stimulus material. Retrieving stimulus material is used for different 

purposes. In the practice phase, retrieval serves the purpose to acquire a bias in a certain 

direction. In the test phase, retrieval serves the purpose of assessing the previously acquired 

bias. Because this is an emotional memory training, emotionally ‘loaded’ stimulus material 

was used. To utilize the aspect of 'cued repetitive retrieval', word pairs were created 

consisting of a cue word and a target word. Like the whole paradigm, also the stimulus 

material was based on previous CBM memory trainings, including the German adaptation 

of Affective Norms for English Words (ANEW) (Schmidtke et al., 2014) and the Berlin 

Affective Word List Reloaded (BAWL-R) (Vo et al., 2009). The BAWL-R contains words 

with positive, neutral, and negative valences. For the cued retrieval training, word pairs had 

to be generated. Therefore, a neutral word was paired with an emotionally valenced word. 

The neutral word thereby served as cue for the emotional target word. Words were selected 

on the strength of emotional valence scores. For obtaining valence ratings for words, 

participants in the evaluation study of the BAWL-R were presented with the verbal anchors 

‘positive’ and ‘negative’, defining the ends of a bipolar scale ranging from −3 to +3, with 

‘neutral’ (0) in the centre. For this study, very positive words (+3) were used as positive 

target words, very negative words (-3) were used as negative target words, and words without 

a specific valence (0) were used as neutral cue and target words. Word pairs were matched 

according to associative conjunction. Three types of word pairs were created. For positive 

training, a neutral cue word was paired with a positive target word. For neutral training, a 

neutral cue word was paired with a neutral target word. Additionally, word pairs were created 

in which a neutral cue word was paired with a negative target word. The purpose of the 

negative pairs was to check, whether participants intrusively confabulated or retrieved 

negative target words even though they had practiced only neutral or positive target words. 

Negative word pairs were therefore only used in the first phase of the study (study phase), 

which was concerned with learning the word pairs but not with practicing the word pairs. By 
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enhanced exposure (practice phase) to either neutral/positive or neutral/neutral combinations 

through the retrieval of only either positive or neutral target words, a condition-congruent 

bias should be induced. In the positive training condition, only positive target words were 

asked to recall by presentation of the corresponding neutral cues, respectively in the neutral 

condition. Participants were instructed to type in the target words that corresponded with the 

presented neutral cues. The Programming for the training software was performed in E-

Prime by Janna Vrijsen. 

A pilot study was conducted to test the comprehensibility and feasibility of the 

designed tasks and to indicate the direction of effects to lay the foundation for a highly 

efficacious and effective CBM memory training (Onken et al., 2014). A five-month period 

was needed to tailor the CBM memory training to the patient population from the LVR Clinic 

Essen. Modifications made in the pre-pilot and three pilot stages are described and evaluated 

hereafter. The pilot studies answered the question, which adjustments had to be taken to 

develop a promising CBM memory training that was able to induce a positive memory bias 

to eventually reduce the severity of depressive symptoms. 

The word pairs used in the training always contained an equal number of neutral, 

positive, and negative combinations. Valences were equally distributed among the 

intervention and control group. In addition to the number of word pairs, several 

characteristics of the training configuration like repetitions of memorizing and practicing 

and the duration of presentation and retrieval times had to be adjusted over the pre-pilot and 

three pilot stages (see Table 1). 

 

Version Number of 

word pairs 

to memorize 

in the study 

phase 

Presentation 

time per word 

pair (in 

seconds) in the 

study phase 

Number 

of words 

pairs to 

retrieve in 

the 

practice 

phase 

Retrieval 

time for 

target words 

in the 

practice 

phase 

Repetitions 

of the 

study and 

practice 

phases 

Distraction 

time (in 

seconds) 

between 

study and 

practice 

phase 

Pre-

pilot 
45 10 15 12 3 30 

1 51 10 17 12 3 30 

2 51 5 17 10 2 60 

3 
144 (36 per 

day) 
5 12 10 2 60 

Table 1: Overview of Differences Between the Pre-Pilot and Three Pilot Versions of the Cognitive 

Bias Modification Memory Training 
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• Pre-pilot: The basic version of the training consisted of a list of 45 word pairs. In 

this basic version, study, practice, and test phases were executed on all four training 

days. During the study phase, the participants were required to memorize the list of 

45 word pairs. The word pairs were consecutively shown on the computer screen 

for a duration of 10 seconds. Between the study and practice phases, participants 

were required to engage in a distraction task in the form of addition calculations for 

30 seconds. To induce a condition-congruent bias in the subsequent practice phase, 

neutral cue words were used as a prime to enable participants to retrieve target 

words of the corresponding valence. In this way, it was possible to induce a bias 

and boost learning and memory consolidation in the intended direction. The 

participants had 12 seconds to type in the corresponding words. During this run, the 

training contained three consecutive study and practice phases in which the word 

pairs were offered in the same order. Then, a daily distraction phase of 240 seconds 

took place, in which the participants had to solve as many Raven puzzles as possible. 

Standard and advanced progressive Raven matrices (Bulheller & Häcker, 1998; 

Raven J.C., 1996) were used to induce a distraction effect, ensure memory 

consolidation, and minimize negative effects on the mood of participants that could 

result from an exhausting training. Next, a test phase took place for bias assessment. 

The list of all 45 cue words was presented, and participants were asked to type in 

all the target words, irrespective of valence. The basic version was pre-tested by 

three patients in terms of comprehensibility and possible mistakes in the description 

of the tasks. After the mistakes were corrected and the recommendations were 

implemented, another patient pre-tested a complete run of the computer training. 

Each training session lasted approximately 35 minutes. The participants gave the 

feedback that the training was too easy. 

• First pilot version of the training: After the pre-pilot, six word pairs were added 

to the training to raise its difficulty. Thus, the first pilot version contained a total of 

51 word pairs to learn. One patient in each of the two conditions (positive training 

vs. neutral training) tested this version. The daily training procedure lasted 

approximately 45 minutes. Participants were still able to remember all the word 

pairs. Thus, a ‘ceiling learning effect’ occurred. That means, there was no possibility 

for participants to learn even more pairs, in order to increase the strength of the to 

be induced bias. However, it was aimed that no learning saturation occurs to 
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promote the greatest possible bias induction. In the second pilot version, again 

modifications were made to increase the difficulty of the training. 

• Second pilot version of the training: The second version of the training was 

piloted by two other participants. The number of repetitions and presentation, 

distraction, and retrieval times were changed. The study phase was shortened, with 

word pairs only shown for five seconds. The distraction task in the form of addition 

calculations was prolonged to 60 seconds, and the retrieval time for target words in 

the subsequent practice phase was shortened to 10 seconds. In contrast to the first 

version, participants only underwent two consecutive study and practice phases. At 

the end of each training, the participants had to recall the 51 target words in the test 

phase for bias assessment. 

• Third pilot version of the training: Despite the increased difficulty, the ceiling 

learning effect remained in the second pilot version of the training. Therefore, the 

word list was expanded to a total of 144 word pairs (48 word pair combinations of 

each valence). The third version was also piloted by two participants to enable each 

condition (positive training vs. neutral training) to be tested. In this version, each 

training day consisted of two consecutive study phases, containing 36 word pairs. 

As mentioned before, one third of the target words had a clear positive valence, one 

third had a neutral valence, and one third had a distinct negative valence. During 

the practice phases, patients had to recall 12 target words of the allocated positive 

or neutral valence. The presentation of the cue words was randomized over four 

versions per condition (for the four consecutive training days) to neutralize possible 

order effects. Study, distraction, and practice times stayed the same as in the second 

version of the training. After the two consecutive study and practice phases, the 

distraction and test phases (bias assessment) were removed from the daily training 

procedure in the third version of the training to shorten sessions to 30 minutes. The 

test phase for bias assessment only took place on the fourth day of training (post). 

Therefore, participants were asked to retrieve the entire list of 144 cue words. In 

the test phase for the third pilot, participants were asked to type in the 36 word pairs 

that were learned and practiced on the fourth day of training, followed by the word 

pairs from the other three days of training in random order. 

At follow-up one week after the last training session, only a test phase took place. 

Participants were shown all the cue words and had to retrieve all the target words that they 

remembered from the initial trainings. 
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2.1.1. Final Training Procedure and Data Collection Steps 

The third pilot version became the final CBM memory training (see Figure 1).  

 

 

On day 1, the intake assessments took place (see section 2.2 for detailed description). 

Additionally, participants filled out the baseline questionnaires. The assessments lasted around two 

and a half hours. After that, the data collection phase was divided into four training sessions on 

consecutive days (day 2 – 5). The four training days lasted about 30 minutes. On the fourth training 

day (day 5), in addition to the training, outcome measures were taken. Due to the post-measurements, 

the fifth day took 45 minutes in addition to the 30-minute training session. The follow-up took place 

one week after the last training session (day 12). First, the cued-retrieval test of all word pairs was 

absolved, then dependent variables were assessed. The session took about 60 to 90 minutes. 

The outcome measures were assessed at three points in the study: before the training 

(baseline), after four training sessions (post), and one week after the final training (follow-up). 

 

Figure 1: Overview of Final Cognitive Bias Modification Memory Training Procedure 
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Outcome variables for mood and rumination were scores on two symptom questionnaires (the BDI-

II and HRSD, described in section 2.5) and rumination questionnaires (the RSQ and the MRSI, 

described in section 2.5). Outcome measures for training success (i.e., bias induction) were computer 

data in form of correctly remembered and typed in (on the computer keyboard) word pairs. Outcome 

measure for a real-life emotional memory performance was the free recall of an emotional life and a 

recent event. Participants were asked to indicate how positive or negative these events had been to 

them. After completion patients were thanked and debriefed. 

The training sessions took place on a computer in an office room of the LVR Clinic Essen. 

It was endeavoured to keep the training location and time of assessment constant, although local 

conditions and participants’ therapy agendas occasionally interfered. While patients participated in 

the CBM memory training, detailed onscreen instructions were given (see Appendix I for an 

exemplary part of the instructions), which explained the different tasks and guided the participants 

through the training. In addition, a master’s student researcher was present the whole time for 

guidance through the complete procedure (computer tasks, paper pencil questionnaire survey) and 

for answering questions if necessary. Within the computer program, the tasks were presented to 

participants with a white-on-black interface. During study and practice phases a single word pair was 

shown at the centre of a black screen (see Figure 2). In Figure 2, three word pairs are shown for the 

screen simulations of the 'study phase'. This is to show that the three types of word pairs (positive, 

neutral, and negative) were studied. In the actual training, the three types of word pairs were shown 

one after the other. 

 

Figure 2: Example of One Day CBM Computer Training (Exemplary Simulation of PC Screen). 
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2.2. Recruitment and Inclusion of Participants 

After the pilot stages, the recruitment and selection process for the main study began, (see 

Figure 3). 

 

 

The initial selection of participants was based on the main diagnosis registered in the clinical 

documentation system. Participants were personally recruited by the study investigator or one of the 

master’s student researchers providing written participant information. Then the patients provided 

their written informed consent to participate in the study. To ensure eligibility, the intake began with 

a clinical assessment. The main diagnosis of major depressive disorder (MDD) was confirmed using 

the Structured Clinical Interview I– SCID-I for the Diagnostical and Statistical Manual-IV (DSM-

IV) (Wittchen et al., 1999). Diagnostic criteria were adapted to the actual Diagnostical and Statistical 

Manual-V (DSM-V) (American Psychiatric Association, 2013) and ICD-10 criteria. A cognitive 

screening, including a memory assessment, was performed using the Mehrfachwahl-Wortschatztest 

(MWT-B) and the Syndrom-Kurz-Test (SKT) (see section 2.5). A supervised master’s student 

researcher implemented the interview and tests. If in doubt about ratings, they consulted with the 

study investigator. At first 86 participants were included in the main sample. Four of these were 

excluded after the clinical assessment. The remaining 82 patients were randomly assigned to a 

condition. The study investigator assessed the level of depressive symptomatology using the 

Hamilton Depression Rating Scale (HDRS) (Hamilton M., 1960), see section 2.5 for detailed 

description. All HDRS measurements (baseline, post, and follow-up) were exclusively taken by the 

study investigator who was double blinded to each participant’s condition. Before the data were 

analysed inclusion criteria and necessary measures were checked again for the remaining 82 

participants. After that, two different sample selections were made (see section 2.6). 

  

Figure 3: Overview of Recruitment and Selection Process for the Randomized Controlled Trial 
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2.3. General Regulations 

In conformance with the ethical principles of the Declaration of Helsinki, participants were 

recruited from the open wards and day clinic at the Division for Psychiatry and Psychotherapy at the 

LVR Clinic Essen. The latter is part of the Faculty of Medicine at the University of Duisburg-Essen. 

Official approval from the responsible ethics commission was obtained before the beginning of the 

study. The study was conducted by a trained psychologist (study investigator) who worked on one 

of the open wards. Assistance was provided by master's student researchers from the Department of 

Psychiatry and Psychotherapy at the LVR Clinic Essen as well as of the University of Duisburg-

Essen, and the Department of Psychiatry at the Radboud University Medical Centre in Nijmegen. 

The project was funded by the Euregio Rhein-Waal, INTERREG V Deutschland-Nederland WP7 

grant from the Ministry of Economic Affairs, Innovation, Digitalisation and Energy of the State of 

North Rhine-Westphalia to J.N. Vrijsen, B.W. Müller, and I. Tendolkar. 

 

2.4. Participants 

Participants were informed of any scheduled measurements by one of the master’s student 

researchers and received a written information sheet about them. Patients were required to provide 

their written informed consent for participation and data handling within the study (see Appendix A). 

Study-related data were pseudonymised. Personal data and individual test results were kept 

confidential at the clinic, will be archived for 15 years, and will not be disclosed to third parties. 

Patients voluntarily participated in the study and did not receive any monetary reward or any other 

kind of reimbursement. Travel costs were not incurred, because the participants were all hospitalized 

or day clinic patients. 

Exclusion criteria included acute severe psychiatric diseases other than a current episode of 

depressive or mood disorder (e.g., sleep disorder, psychosis, or substance misuse or dependency), 

major neurological or somatic disorders (including ischemic or haemorrhagic insults) in the patient’s 

history, endocrinological diseases (e.g., thyroid dysfunction, hypercortisolism, or adrenal 

dysfunction), and febrile illness within the three days before participation in the study. In addition, 

patients with severe cognitive impairments – as assessed through the Syndrom-Kurz-Test (SKT) – 

and an intelligence quotient (IQ) of less than 70 – as assessed through the Mehrfachwahl-

Wortschatztest – MWT-B (Lehrl et al., 1991) – were not included. 

The CBM memory training was added to the treatment as usual (TAU). All patients were 

integrated into a normal clinical treatment routine consisting of one psychotherapy session per week, 

one open group therapy session, psychoeducational group sessions on depression, and several other 

indicational treatments, such as occupational therapy (ergotherapy), musical therapy, physical 

therapy, social competence training, and mindfulness-based groups. Study participation or drop-out 
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did not affect patients’ primary psychiatric treatment in any way. Researchers did not interfere with 

TAU, and the CBM memory training was not expected to interfere with TAU. 

The health risk to participating study volunteers was deemed to be extremely low. Therefore, 

the possible benefit of the CBM memory training must be stressed. The positive CBM memory 

training with positive content was expected to yield the strongest beneficial effects on depressive 

symptoms. However, the neutral CBM memory training was also expected to yield clinically relevant 

results because it would similarly require patients to train their memory processing. While a 

distinction was made between training memory for positive and neutral verbal content, training-

related adverse events were not expected to occur. In consideration of patient safety, a negative verbal 

content practice condition was omitted from the study. Participants were informed in advance of their 

right to withdraw their participation at any time without any consequences on their psychiatric 

treatment. After the completion of the study, subjects were informed about their experimental 

condition (i.e., positive vs. neutral training). If the patient was part of the neutral training, they were 

offered the opportunity to also participate in the positive training. If the patient was part of the 

positive training, it was also possible continuing the positive training after the study. Although 

participants were given these options, none chose to do so. 

Patients were asked for information on their demographic background (see Table 2). In total, 

70 of the 82 participants spoke German as their native language. Two patients each spoke Polish and 

Turkish. One patient each listed Bulgarian, Croatian, Portuguese, and Russian as their native 

language, while four patients did not provide any information about the latter. However, all 

participants were fluent German speakers. Due to oversight, from participant no. 60 onwards, 

documentation of comorbid diagnoses was mostly missing. Therefore, comorbid diagnoses were not 

included as a covariate variable and did not affect the analysis per se. However, because comorbid 

diagnoses were not included as a confounding variable, they may be part of the error variance. 
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Gender Male 32 

 Female 50 

Language German 70 

 Other 12 

Diagnoses:   

Depression Single Episode 47 

 Recurrent 30 

 Unknown 5 

Comorbidity with History of substance misuse/dependency 3 

 Double Depression/Dysthymia 3 

 Anxiety Disorder 23 

 Trauma and Stress Related Disorder 3 

 Eating Disorder 7 

 Somatic Symptom Disorder 2 

 Personality Disorder 5 

Medication at 

baseline 

No Medication 28 

 Antidepressant 36 

 Antidepressant combined with Neuroleptics, Anxiolytics or 

Antiepileptics 

18 

Medication at 

follow-up 

No medication 34 

 Antidepressant 27 

 Antidepressant combined with Neuroleptics, Anxiolytics or 

Antiepileptics 

21 

Educational Level No graduation certificate  1 

 Lower Secondary (Hauptschule & Realschule) 37 

 Apprenticeship 13 

 Upper Secondary (Abitur) 14 

 Tertiary/University Degree 12 

 Missing Values 5 

 

 

Table 2: Counts (N) for Sociodemographic Variables of ITT Selection. 
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2.5. Materials and Data Collection Tools 

The study-related assessments included cognitive screenings, symptom interviews, and self-

assessment questionnaires. These instruments have all been routinely used in clinical settings. There 

is no evidence that they cause harm to patients who participate in a study. First, the interview tools 

and cognitive screenings are described, then the self-assessments. 

The Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-I) is an interview 

that aims to make standardised and accurate diagnoses that incorporate DSM-IV through a systematic 

probe for symptoms. The SCID-I covers the DSM-IV diagnoses that are most frequently seen by 

clinicians and includes full diagnostic criteria for these disorders, with corresponding interview 

questions (Wittchen et al., 1999). 

The Hamilton Depression Rating Scale (HDRS) (Hamilton M., 1960) is a clinician-rated 

semi-structured interview that focuses on the severity of depression. It is used for progress 

monitoring. Symptom severity is rated on 21 items, with a score range of 0 to 65 on the German 

version (Collegium Internationale Psychiatriae Scalarum, 2015). Items are rated from 0 to 1, 2, 3, 4 

according to the severity of difficulties experienced. The scores are then summed up. However, as 

the HDRS is used for progress monitoring and not diagnostic purposes, there is no standardized 

interpretation of score ranges (Möller, 2017). Psychometric properties are adequate (Cusin et al., 

2010). For more details, see Appendix B. 

The Mehrfachwahl-Wortschatztest-B (MWT-B) is a standardised, multiple-choice-word-test 

that is used to measure general crystalline intelligence. The B-Form is one of four parallel tests. Since 

it does not consider the test taker’s current mental state, the MWT provides an estimate of premorbid 

IQ. Scores range from 0 to 37, with higher scores indicating a higher IQ. The authors have stated that 

there is a possibility of error due to the simplicity of the measurement. Rather than precise IQ values, 

IQ ranges are given (e.g., scores of 0 to 72 indicates extremely low intelligence, 73 to 90 indicates 

low intelligence, 91 to 109 indicates average intelligence, 110 to 127 indicates high intelligence, and 

128 and over indicates extremely high intelligence), which are inspired by Wechsler’s gradation 

(Lehrl et al., 1991). For more details, see Appendix C. 

The Syndrom-Kurz-Test (SKT), or ‘syndrome short test’, is a simple test for assessing 

cognitive impairments in memory and attention. It consists of nine subtests, each limited to a 

maximum performance time of 60 seconds. Scoring the SKT requires converting the raw scores for 

each subtest into norm values and adding these up into a total score. The latter allows for the 

interpretation of SKT results based on classifying the total score as typical for one of six degrees of 

cognitive impairment. As norm values for each subtest range from 0 to 3, SKT total scores vary 

between 0 and 27, with higher scores indicating more severe cognitive disturbances. In several 

studies, reliability coefficients (i.e., Cronbach’s alpha) between .86 and .93 were found. Studies 

pertaining to test-retest reliability revealed coefficients between .88 and .90. The validity of the SKT 

has been demonstrated in numerous studies, indicating substantial correlations between the SKT and 
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other performance tests that assess cognition, neurophysiological measures and imaging techniques 

that reflect impaired brain functioning, and clinical global assessments of cognitive decline (Lehfeld 

& Erzigkeit, 1997). For more details, see Appendix D. 

The Becks Depression Inventory-II (BDI-II) is a 21-item depression questionnaire that 

assesses overall symptom severity experienced in the past two weeks on a four-point Likert scale, 

with scores ranging from 0 to 63. The questionnaire’s internal consistency is considered to be high 

(Cronbach’s alpha   .92), its convergent validity and test-retest reliability are moderate (r ≈ . 2 

and .65 to .72, respectively), Cusin et al. (2010). Each item is rated from 0 to 3 according to the 

severity of difficulties experienced. Scores are summed up, and depression can then be interpreted 

as not depressed (< 13), mild (13 to 19), moderate (20 to 28), or severe (≥ 29), Steer et al. (2001). 

For more details, see Appendix E. 

The German version of the Response Style Questionnaire (RSQ-D), Kühner et al. (2007) is 

a 32-item trait rumination questionnaire that measures two different reaction styles (rumination vs. 

distraction) to depressed mood on a four-point Likert scale. For example, possible responses to the 

statement ‘When I am feeling sad, I think about how lonely I feel’ are 1 (almost never), 2 (sometimes), 

3 (often), and 4 (mostly). The internal consistency is considered ‘satisfying to good’ (d = .75 to .88) 

and has an acceptable test-retest reliability over a five-month interval (rtt = .54 to .70). As only 

rumination is seen as a dysfunctional way of reacting to depressed mood, only the 21-item rumination 

subscale was of interest for this study (Geue et al., 2016). Thus, scores range from 0 to 84, with a 

higher score indicating a greater tendency to ruminate. For more details, see Appendix F. 

The Momentary Ruminative Self-Focus Inventory (MRSI), Mor et al. (2013) is a six-item 

self-rating scale for assessing state rumination. Participants were asked to indicate their degree of 

agreement with statements on a seven-point Likert scale in which 1 means ‘strongly disagree’ and 7 

means ‘strongly agree’. The maximum total score is 42. The MRSI has shown good internal 

reliability and concurrent validity. The inventory was evaluated in depth after the beginning of the 

present study (Marchetti et al., 2018). This did not affect this research. For more details, see 

Appendix G. 

 

2.6. Analysis and Statistics 

All statistical analyses were carried out using the “Statistical Package for the Social Sciences” 

- SPSS © version 26 by IBM. An a priori power analysis aimed for about 100 participants, this 

number was not achieved. A post-hoc analysis was done to see how big the power was in comparison 

to the expected power or rather effect size. Therefore G*Power (Faul et al., 2007) was used based on 

the main analysis (2x2 repeated-measures ANOVA, time (baseline to post) x condition (positive 

training vs. neutral training) for main outcome) and with an alpha of .05. 

For each participant of the sample, it was checked, which parts of the procedure they 

completed. An intention-to-treat selection (ITT) and a per-protocol selection (PP) were defined, 
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based on the completion of the main outcome variables and participation in the training, see Figure 

3. The ITT consisted of 82 participants, who accomplished BDI-II at baseline and HDRS at baseline. 

The PP consisted of 74 participants who are in the ITT and who did the training at least twice. 

Missing item scores on the main outcome variables (BDI-II and HDRS), were imputed 

according the “person mean imputation” method (PMI). The mean score of the items per subject was 

calculated, and for each subject missing item scores were imputed with this ‘personal mean score’ 

(Eekhout et al., 2014). If there were completely missing data for an outcome variable, like a whole 

missing questionnaire after baseline, those data were imputed according to the ‘last observation 

carried forward’ method (LOCF) for post- and follow-up measurements. That means the last total 

score was carried forward to the next measurement, assuming the score of the person stayed the same. 

For the subordinated outcome variables (RSQ and MRSI), only the last imputation method needed 

to be applied besides in one case for the MRSI. 

Table 3 and Table 4 show the percentages of completely missing questionnaires that were 

imputed with the LOCF-method as well as partly missing questionnaires thus missing item-scores 

that were imputed with the PMI- method for the outcome variables. 

 

 
  LOCF [%] PMI [%] 

  
 

positive 

training 

neutral 

training 

positive 

training 

neutral 

training 

BDI-II baseline - - 0.2 0.0 
 

post 17.1 14.6 0.7 0.0 

  follow-up 17.1 14.6 1.5 0.0 

HDRS baseline - - 1.0 0.6 
 

post 14.6 14.6 0.3 1.0 

  follow-up 14.6 17.1 0.7 0.9 

RSQ baseline - - 0.0 0.0 
 

post 17.1 17.1 0.0 0.0 

  follow-up 17.1 14.6 0.0 0.0 

MRSI baseline - - 0.4 0.0 

 post 17.1 19.5 0.0 0.0 

 follow-up 17.1 24.4 0.0 0.0 

 

 

 

 

Table 3: Percentages of Missing Participants or Values per Imputation Method Used in ITT 
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  LOCF [%] PMI [%] 

    positive 

training 

neutral 

training 

positive 

training 

neutral 

training 

BDI-II baseline - - 0.3 0.0 
 

post 5.6 10.5 0.7 0.0 

  follow-up 5.6 10.5 1.5 0.0 

HDRS baseline - - 0.7 0.6 
 

post 8.3 10.5 0.3 1.0 

  follow-up 8.3 13.2 0.7 0.9 

RSQ baseline - - 0.0 0.0 
 

post 5.6 10.5 0.0 0.0 

  follow-up 5.6 10.5 0.0 0.0 

MRSI baseline - - 0.4 0.0 

 post 5.6 13.2 0.0 0.0 

 follow-up 5.6 18.4 0.0 0.0 

 

For being able to analyse more clearly any group differences, the analyses were done twice. 

One time for the ITT selection and the other time for the PP selection. 

To test the main/ first hypothesis, whether positive CBM memory training reduced 

depressive symptoms more than neutral CBM memory training, two repeated measures ANOVA´s 

were executed. Independent variable was time with two levels (baseline vs. post and baseline vs. 

follow-up) and between-subject factor was CBM memory training condition (positive training vs. 

neutral training) next to the dependent variable of depressive symptoms measured either with the 

BDI-II or the HDRS. 

For analysing the second hypothesis, if trait rumination was reduced more in the positive 

training condition than in the neutral training condition, two repeated measures ANOVA´s were 

applied. The independent variable was time with two levels (baseline vs. post and baseline vs. follow-

up) and the between-subject factor was CBM memory training condition (positive training vs. neutral 

training) next to the dependent variable trait rumination as measured by the RSQ. The RSQ has not 

been any requirement for inclusion in the ITT or PP selection. In the ITT selection two persons did 

not fill out the RSQ at baseline. For this reason, those participants were excluded from the analyses 

and the df’s are lower. In the PP selection one person has not filled out RSQ at baseline and was 

therefore excluded. 

To test the third hypothesis, whether the effect of CBM memory training on depressive 

symptoms was mediated by state rumination, mediation analyses were performed. State rumination 

as the mediator was assessed with the MRSI to capture immediate and current dysfunctional 

Table 4: Percentages of Missing Participants or Values per Imputation Method Used in PP 
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cognitions in contrast to deeper rooted ruminative response styles. Depressive symptoms are 

indicated with BDI-II and HDRS. For the analyses, the PROCESS Macro by Steven Hayes was 

installed in SPSS (Hayes, 2018). A difference score for MRSI was calculated to account for the 

change of state rumination during the course of training. This was done through subtraction of MRSI 

scores at post from MRSI scores at baseline. Positive and higher scores indicate an increase in state 

rumination. 

Exploring the fourth hypothesis of transfer of the CBM memory training to a real-life 

emotional memory performance over and above symptoms, patients had to recall an important 

autobiographical life event and a recent important event and name their emotional valence. To 

analyse these effects, the descriptions of personal important events were scored by two independent 

raters, blind to training conditions, as being positive or negative. Inconsistent scores were resolved 

by a third rater. Two chi-square tests were done, one for the rating at post and one for the rating at 

follow-up with ‘CBM memory training condition’ (positive training vs. neutral training) as the 

independent variable and ‘important event’ (positive vs. negative) as the dependent variable. Naming 

an important emotional event has not been requirement for inclusion in the ITT or PP selection. 

Because there are missing values for 24 participants of the ITT selection, these participants were 

excluded from the analysis. Furthermore, participants whose answer had an ambiguous emotional 

valence (N=7), were excluded from the selection, resulting in N=51 valid cases at post. At follow-up, 

three cases needed to be excluded because of ambiguous emotional answers, resulting in N=55 valid 

cases. In the PP selection there were missing values for 16 participants. Furthermore, participants 

whose answer had an ambiguous emotional valence N=7, were excluded from the selection, resulting 

in N=51 valid cases at post. At follow-up, N=3 cases needed to be excluded because of ambiguous 

emotional valence of the answers, resulting in N=55 valid cases. 

For testing the fifth hypothesis, whether the CBM memory training fulfilled the aimed bias-

inducing function, with the positive training creating a differential recall of emotional information, 

both at immediate recall (post) and at delayed recall (follow-up) an approach analogue to that of 

Vrijsen et al. (2018) was executed. The absolute number of correctly recalled word pairs (dependent 

variable) was submitted to two ANOVA´s. Within-subject factor was valence of word pairs (positive, 

neutral, or negative) and between-subject factor was CBM memory training condition (positive 

training vs. neutral training). Recall-data (word pairs) were edited by hand to control for spelling 

mistakes, intrusions, and forms of intrusion. In scoring correct recall, spelling errors were permitted. 

There were missing data for the recalled word pairs as for the other dependent variables. Missing 

data regarding the word pairs to be remembered exist for two reasons, respectively, the participants 

who did not enter word pairs into the computer program divide into two groups. The first group 

consists of participants who did not partake till the post measure because computer data (retrieved 

word pairs/bias assessment) have not been any requirement for inclusion in the ITT or PP selection. 

Thus, there were participants in the selections without existing measurement data. The second group 
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of people with no computer data compromises participants who attended the measure but did not 

type in answers in the program. The data of participants who attended the session but did not fill in 

answers could not be imputed since they were not missing randomly. It is not known whether these 

participants either just did not remember anything or did not want to fill out the test, maybe because 

it was too stressful, too confronting, too tiring, or too boring. For the ITT selection at post 12 subjects 

were not attending, 5 did not fill in answers, resulting in N=65 participants. At follow-up 12 subjects 

were not attending and 3 did not fill in answers, resulting in N=67 valid measures. For the PP 

selection, the final valid measurements stayed the same. Therefore, no different analyses were carried 

out in relation to these data. At post, 4 subjects were not attending and 5 did not answer, resulting in 

N=65 measures. At follow-up, 4 subjects were not attending and 3 did not type in answers, resulting 

in N=67 measures. Therefore, the N and df are lower for these tests. 
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3. Results 

The post-hoc power analysis revealed a sufficient power of .898 

 

3.1. Analyses in the Intention to Treat Selection 

The following analyses were done with the ITT selection. 

 

3.1.1. Assumption Testing 

The participants in the two conditions (positive training N=41; neutral training N=41) did 

not significantly differ in terms of gender (χ2
(1) = 1.85, p = .17), educational level (χ2

(1) = 1.69, p = .19), 

age (t(80) = -.35, p = .73) or the initial values of the major outcome variables: depression severity as 

indexed by depression scores on the BDI-II (t(80)= 1.48; p = .14) and the HDRS (t(80)= -.24; p = .81). 

Finally, there was no difference on the subordinate outcome variables: rumination as indexed by 

scores on MRSI (t(79)= -.01; p = .99) and RSQ (t(78)= 1.61; p = .11). Hence, potential changes in 

outcome can be attributed to the differences in intervention and not to baseline differences between 

the participants. See Table 5 for an overview. 

 

 Condition  

 Positive Training  Neutral Training t(80) 

Age (M (SE) years) 35.0 (1.96) 35.9 (1.79) -.35, p = .73 

Sex (% female) 54 68  

Education (% level 4-7)1 66 83  

BDI-II (M (SE))2 28.76 (1.46) 25.12 (1.64) 1.48; p = .14 

HDRS (M(SE))3 13.76 (1.09) 14.21 (1.11) -.24; p = .81 

RSQ (M(SE))4 56.24 (1.41) 53.00 (1.44) t(78) = 1.61; p = .11 

MRSI (M(SE))5 22.61 (1.11) 22.63 (1.11) t(79) = -.01; p = .99 

 

 

 

1 Educational level 4 to 7 (Realschulabschluss - Hochschulabschluss) represent the German degrees 

after 10th grade till university level education. 
2 Range of BDI-II scores: 0-63 
3 Range of HDRS scores:0-67 
4 Range of RSQ scores: 0-84 
5 Range of MRSI scores: 0-42 

Table 5: Percentages or Means (SE) on Demographic and Outcome Measures Including Baseline 

Group Comparisons for ITT. 
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As indicated by visual inspection of histograms, checking of skewness- and kurtosis values 

and testing with Levene’s test on homogeneity of variances and Kolmogorov-Smirnov test on 

normality of distribution, requirement for parametric testing was fulfilled. 

 

3.1.2. Testing the Main Hypothesis – Change in Symptoms 

There was a significant main effect of time on BDI-II F(1, 80) = 15.70, p = .00, ηp2 = .16 

and on HDRS F(1, 80) = 22.94, p = .00, ηp2 = .22 from baseline to post but no significant interaction 

effect of time and CBM memory training condition, neither for BDI-II F(1,80) = 2.20, p = .14, nor 

for HDRS F(1,80) = .41, p = .52. 

From baseline to follow-up there was a significant main effect of time on BDI-II F(1, 80) = 

23.65, p = .00, ηp2 = .23 and on HDRS F(1, 80) = 36.50, p = .00, ηp2 = .31. For BDI-II there was a 

marginally significant interaction effect of time and CBM memory training condition F(1,80) = 3.87, 

p = .053, ηp2 = .05 (see Figure 4) but no significant interaction effect of time and CBM memory 

training condition for HDRS F(1,80) = .26, p =.61. 

 

 

 

 

 

 

 

Figure 4: Interaction Effect of Time (Baseline to Follow-Up) and Condition on Depressive Symptoms 

Indexed on BDI-II for ITT 
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  Condition 

  Positive Training Neutral Training 

BDI-II  Baseline M(SE) 28.76 (1.46) 25.51 (1.64) 

 Post M(SE) 24.90 (1.39) 23.76 (1.58) 

 Follow-Up M(SE) 22.49 (1.36) 22.85 (1.76) 

HDRS Baseline M(SE) 13.76 (1.09) 14.12 (1.11) 

 Post M(SE) 11.07 (.90) 12.07 (.96) 

 Follow-Up M(SE) 10.17 (.93) 11.10 (.99) 

 

3.1.3. Testing the Second Hypothesis – Change in Trait Rumination 

For baseline to post there was no significant main effect of time on RSQ F(1, 78) = .94, p 

= .34 nor for the interaction of time and CBM memory training condition on RSQ F(1,78) = 2.93, p 

= .09. 

For baseline to follow-up there was a significant main effect of time on RSQ F(1, 78) = 9.46, 

p = .003 ηp2 = .11 and a significant interaction effect of time and CBM memory training condition 

on RSQ F(1,78) = 5.41, p = .023 ηp2 = .07., for means see Table 7. 

 

  Condition 

  Positive Training Neutral Training 

RSQ Baseline M(SE) 56.24 (1.41) 53.00 (1.44) 

 Follow-Up M(SE) 52.73 (1.57) 52.51 (1.41) 

 

3.1.4. Testing the Third Hypothesis – Mediation Analysis 

A simple mediation was performed to analyse whether CBM memory training predicts 

change in depressive symptoms (measured on the BDI-II at follow-up) and whether the direct path 

would be mediated by rumination (measured on the MRSI, representing state rumination). The BDI-

II measure at baseline was added as covariate. 

A direct effect of CBM memory training on depressive symptoms was not observed, B = 

2.61, p = .12. After entering the mediator (rumination) into the model, CBM memory training did 

still not predict the mediator (rumination), B = -.34, p = .81 nor did the mediator (rumination) predict 

depressive symptoms significantly, B = .14, p = .43 (see Figure 5). 

 

Table 6 Means and SE of Main Outcome Measures per Condition for ITT. 

 

Table 7: Means and SE of RSQ per Condition for ITT. 
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To analyse whether CBM memory training predicts change in depressive symptoms 

(measured on the HDRS at follow-up) and whether the direct path would be mediated by rumination 

(measured on the MRSI, representing state rumination), a simple mediation was performed. The 

HDRS measure at baseline was added as covariate. 

No direct effect of CBM memory training on depressive symptoms was observed, B = .61, 

p =.53. After entering the mediator (rumination) into the model, CBM memory training did still not 

predict the mediator (rumination), B = -.39, p =.78 nor did the mediator (rumination) predict 

depressive symptoms significantly, B = -.02, p = .87 (see Figure 6) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Mediation of CBM Memory Training on Depressive Symptoms (BDI-II) through 

Rumination in the ITT Selection. 

 

Figure 6: Mediation of CBM Memory Training on Depressive Symptoms (HDRS) through 

Rumination in the ITT Selection. 
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For descriptive statistics see Table 8. 

 

 

  Condition 

  Positive Training Neutral Training 

MRSI Baseline M(SE) 22.61 (1.11) 22.63 (1.11) 

 Post M(SE) 24.85 (1.33) 24.53 (1.05) 

 Follow-Up M(SE) 21.07 (1.29) 21.05 (1.20) 

MRSI DiffScore
6 MRSIPost - MRSIBaseline 2.24 (.93) 1.90 (.97) 

 

3.1.5. Testing the Fourth Hypothesis – Real-Life Transfer of Training 

There was no significant effect of the condition of CBM memory training on the emotional 

valence the recalled life event or the recalled recent event had. Neither directly after the training 

(post) χ2
(1) = 2.37, p = .12 nor one week later (follow-up) χ2

(1) = .01, p = .92. 

 

3.2. Analyses in the Per Protocol Selection 

The same kind of analyses as reported under 3.1 were repeated with the PP selection for 

completeness. 

 

3.2.1. Assumption Testing 

The participants in the two conditions (positive training N=36, neutral training N=38) did 

still not significantly differ in terms of gender (χ2
(1) = .81, p = .37), educational level (χ2

(1) = 1.92, p 

= .16), age (t(72) = .18, p = .85) or the initial values of the major outcome variables: depression 

severity as indexed by depression scores on BDI-II (t(72)= 1.31, p = .19) and HDRS (t(72)= 0.25, p 

= .80). Also here, no significant difference on the subordinate outcome: rumination as indexed by 

scores on MRSI (t(72)= .62, p = .54) and RSQ (t(71)= 1.90, p = .06) was obtained. In keeping with 

results on the ITT selection, potential changes in outcome can be attributed to the differences in 

intervention and are not subject to baseline differences between the participants. See Table 9 for an 

overview. 

 

 

 

 

 

 

6MRSIPost - MRSIBaseline; Positive and higher scores indicate an increase in state rumination 

Table 8: Means and SE of MRSI per Condition for ITT 
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 Condition  

 Positive Training Neutral Training t(72) 

Age (M (SE) years) 36.6 (2.02) 36.1 (1.86) .18, p = .85 

Sex (% female) 56 66  

Education (% level 4-7)7 67 84  

BDI-II (M(SE))8 28.86 (1.58) 25.89 (1.62) 1.31; p = .19 

HDRS (M(SE))9 15.14 (1.01) 14.76 (1.09) 0.25; p = .80 

RSQ (M(SE))10 56.53 (1.47) 52.57 (1.48) t(71) = 1.90; p= .06 

MRSI (M(SE))11 23.50 (1.13) 22.50 (1.16) 0.62; p = .54 

 

In the PP selection, the requirement for parametric testing was also fulfilled. For this 

purpose, the checks already mentioned above (see section 3.1.1) were carried out. 

 

3.2.2. Testing the Main Hypothesis – Change in Symptoms 

Also here a significant main effect of time on BDI-II F(1, 72) = 16.46, p = .000, ηp2 = .19 

and on HDRS F(1, 72) = 23.87, p = .000, ηp2 = .25 from baseline to post was obtained but no 

significant interaction effect of time and CBM memory training condition, neither for BDI-II F(1,72) 

= 2.59, p = .11, nor for HDRS F(1,72) = .65, p = .44. 

And again from baseline to follow-up there was a significant main effect of time on BDI-II 

F(1, 72) = 25.25, p = .000, ηp2 = .26 and on HDRS F(1, 72) = 38.62, p = .000, ηp2 = .35. The 

marginally significant interaction effect of time and CBM memory training condition on BDI-II 

F(1,72) = 4.60, p = .035, ηp2 = .06 got significant in this selection (see Figure 7). The non-significant 

interaction effect of time and CBM memory training condition on HDRS in the ITT selection stayed 

non-significant in the PP selection F(1,72) = .48, p = .49. 

 

 

 

7 Educational level 4 to 7 (Realschulabschluss - Hochschulabschluss) represent the German degrees 

after 10th grade till university level education. 
8 Range of BDI-II scores: 0-63 
9 Range of HDRS scores:0-67 
10 Range of RSQ scores: 0-84 
11 Range of MRSI scores: 0-42 

Table 9: Percentages or Means (SE) on Demographic and Outcome Measures Including Baseline 

Group Comparisons for PP. 
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A series of t-tests have shown that the positive training produced a higher (M = 7.19, SE = 

1.26) and significant t(35) = 5.68, p = .000; r = .69 mean difference in BDI-II from baseline to follow-

up in contrast to the neutral training (M = 2.87, SE = 1.53), t(37) = 1.88, p = .07; r = .30. 

Since there has been a significant interaction effect for BDI-II from baseline to follow-up, 

but not from baseline to post, an analysis was executed to test whether the effect occurred mostly in 

the time between post and follow-up. For that matter, a repeated measures ANOVA using the 

independent variable time with two levels (post vs. follow-up) and the between-subject factor CBM 

memory training condition (positive training vs. neutral training) and dependent variable BDI-II was 

performed. 

A significant main effect of time on BDI-II F(1, 72) = 6.37, p = .014, ηp2 = .08 was 

observable but no interaction effect of time and CBM memory training condition F(1,72) = 1.45, p 

= .23, ηp2 = .02. This analysis thus did not unveil when the symptom reduction occurred. 

 

 

 

 

 

 

 

Figure 7: Interaction Effect of Time (Baseline to Follow-Up) and Condition on Depressive Symptoms 

Indexed on BDI-II for PP 
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  Condition 

  Positive Training Neutral Training 

BDI-II Baseline M(SE) 28.86 (1.58) 25.89 (1.62) 

 Post M(SE) 24.47 (1.48) 24.00 (1.56) 

 Follow-Up M(SE) 21.72 (1.41) 23.03 (1.77) 

HDRS Baseline M(SE) 15.41 (1.01) 14.76 (1.09) 

 Post M(SE) 12.08 (.86) 12.55 (.95) 

 Follow-Up M(SE) 11.06 (.93) 11.50 (.99) 

 

3.2.3. Testing the Second Hypothesis – Change in Trait Rumination 

As seen in the ITT selection, here, in the PP selection from baseline to post there was no 

significant main effect of time on RSQ F(1, 71) = 1.08, p = .30 nor a significant interaction effect of 

time and CBM memory training condition on RSQ F(1,71) = 3.07, p = .084. 

For baseline to follow-up there was a significant main effect of time on RSQ F(1,71) = 10.29, 

p = .002, ηp2 = .13 and a significant interaction effect of time and CBM memory training condition 

on RSQ F(1,71) = 6.14, p = .016, ηp2 = .08, see Table 11 for means.  

A series of t-tests showed that the positive training produced a higher (M = 4.00, SE = .92) 

and significant t(35) = 4.37, p = .000; r = .59 mean difference on RSQ from baseline to follow-up in 

contrast to the neutral training (M = .51, SE = 1.06), t(36) = .483, p = .632; r = .08. 

 

  Condition 

  Positive Training Neutral Training 

RSQ Baseline M(SE) 56.53 (1.47) 52.57 (1.48) 

 Follow-Up M(SE) 52.53 (1.67) 52.05 (1.44) 

 

Since there was a significant interaction effect for RSQ from baseline to follow-up, but not 

from baseline to post, an analysis has been executed to test whether the effect occurred mostly in the 

time between post and follow-up. For that matter, a repeated measures ANOVA with independent 

variable time with two levels (post vs. follow-up), between-subject factor CBM memory training 

condition (positive training vs. neutral training) and dependent variable RSQ was performed. 

No significant main or interaction effect was observed. Neither of time on RSQ F(1, 71) = 

3.50, p = .07, ηp2 = .05 nor of time and CBM memory training condition on RSQ F(1,71) = .21, p = 

.65, ηp2 = .00. This analysis thus did not unveil when symptom change occurred. 

 

Table 10: Means and SE of Main Outcome Measures per Condition for PP. 

 

Table 11: Means and SE of RSQ per Condition for PP. 
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3.2.4. Testing the Third Hypothesis – Mediation Analysis  

A simple mediation was performed to analyse whether CBM memory training predicts 

change in depressive symptoms (measured on the BDI-II at follow-up) and whether the direct path 

would be mediated by rumination (measured on the MRSI, representing state rumination). The BDI-

II measure at baseline was added as covariate. 

A direct effect of CBM memory training on depressive symptoms was not observed, B = 

3.14, p =.08. After entering the mediator (rumination) into the model, CBM memory training did still 

not predict the mediator (rumination), B = -.54, p = .72 nor did the mediator (rumination) predict 

depressive symptoms significantly, B = .17, p = .33 (see Figure 8). 

 

 

Another simple mediation was performed to analyse whether CBM memory training predicts 

change in depressive symptoms (measured on the HDRS at follow-up) and whether the direct path 

would be mediated by rumination (measured on the MRSI, representing state rumination). The 

HDRS measure at baseline was added as covariate. 

Again, no direct effect of CBM memory training on depressive symptoms was observed, B 

= .67, p =.53. After entering the mediator (rumination) into the model, CBM memory training did 

still not predict the mediator (rumination), B = -.52, p =.73 nor did the mediator (rumination) predict 

depressive symptoms significantly, B = -.01, p = .88 (see Figure 9). 

 

 

 

Figure 8: Mediation of CBM Memory Training on Depressive Symptoms (BDI-II) Through 

Rumination in the PP Selection. 

          
        

                

           
             

            

      

 

Figure 9: Mediation of CBM Memory Training on Depressive Symptoms (HDRS) Through Rumination 

in the PP Selection. 
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For descriptive statistics see Table 12. 

  Condition 

  Positive Training Neutral Training 

MRSI Baseline M(SE) 23.50 (1.13) 22.50 (1.16) 

 Post M(SE) 26.06 (1.35) 24.05 (1.11) 

 Follow-Up M(SE) 21.75 (1.39) 20.84 (1.25) 

MRSI DiffScore
12 MRSIPost - MRSIBaseline 2.56 (1.05) 2.00 (1.02) 

 

3.2.5. Testing the Fourth Hypothesis – Real-Life Transfer of Training 

Again, there was no significant effect of the condition of the CBM memory training on the 

emotional valence the recalled life event or the recalled recent event had. Neither directly after the 

training (post) χ2
(1) = 2.37, p =.12 nor one week later (follow-up) χ2

(1) = .01, p = .92. 

 

3.3. Testing the Fifth Hypothesis – Analysis of Bias Assessment 

As described in section 2.6, valid measurements were equal in both selections, therefore only 

one run of this analysis was executed. Because the dependent variable represents count data instead 

of scale-data, parametric assumptions are not applicable. 

As predicted, the condition-valence interaction was significant both at immediate, F(2,126) 

= 151.99, p = .000, ηp2 = .71 and delayed recall F(2,130) = 62.70, p = .000, ηp2 = .49, respectively. 

The training thus created a differential recall of emotional target words. 

A series of t-tests was performed to explore the specific differences between the positive and 

the neutral CBM memory training. At immediate recall (post), participants in the positive training 

on average recalled more positive word pairs (M = 19.2, SE = 1.4) than participants in the neutral 

training (M = 10.4, SE = 1.0). This difference was significant t(63) = 5.31, p =.000; r = .55. 

Participants in the positive training recalled less neutral word pairs (M = 11.1, SE = 1.2) than 

participants in the neutral training (M = 22.5, SE = 1.7). This difference was also significant t(63) = 

-5.56, p = .000; r = .57. Participants in both conditions recalled about the same amount of negative 

word pairs (positive training: M = 9.2, SE = 1.1; neutral training: M = 9.7, SE = 0.9), the difference 

was not significant t(63) = .29, p >.05, see Table 13 and Figure 10. 

 

 

 

 

12 MRSIPost - MRSIBaseline; Positive and higher scores indicate an increase in state rumination 

Table 12: Means and SE of MRSI per Condition for PP 
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  Condition 

  Positive Training Neutral Training 

Valence Positive, N 19 10 

 Neutral, N 11 23 

 Negative, N 9 10 

 

 

 

 

At delayed recall (follow-up), the picture stayed the same. Participants in the positive 

training condition on average recalled more positive word pairs (M=11.4, SE=1.5) than participants 

in the neutral training condition (M=5.8, SE = 0.8). This difference was significant t(65) = 3.36, p 

=.001; r = .15. Participants in the positive training condition recalled less neutral word pairs (M = 

6.8, SE = 1.1) than participants in the neutral training condition (M = 16.5, SE = 1.9). This difference 

was also significant t(65) = -4.44, p = .000; r = .23. Participants in both conditions recalled about the 

same amount of negative word pairs (positive training: M = 4.6, SE = 0.9; neutral training: M = 5.2, 

SE = 0.9), the difference was not significant t(65) = -.50, p >.05, see Table 14 and Figure 11. 

 

 

Table 13: Absolute Number of Recalled Word Pairs per Valence and Condition at Post (Immediate 

Recall) 

Figure 10: Absolute Number of Correctly Recalled Word Pairs per Valence and Condition at Post 

(Immediate Recall) 
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  Condition 

  Positive Training Neutral Training 

Valence Positive, N 11 6 

 Neutral, N 7 17 

 Negative, N 5 5 

 

 

 

 

Table 14: Absolute Number of Recalled Word Pairs per Valence and Condition at Follow-Up 

(Delayed Recall) 

Figure 11: Absolute Number of Correctly Recalled Word Pairs per Valence and Condition at Follow-

Up (Delayed Recall) 
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4.  Discussion 

4.1. Review of Main Findings 

This study examined whether four sessions of a novel computer-based CBM memory 

training could influence depression-related symptoms and depression-maintaining mechanisms. The 

procedure used to achieve this was repetitive cued retrieval of positive verbal stimulus material. The 

study is the first one of its kind to take place in a clinical population (i.e., psychiatric in-patients with 

one or more episodes of a depressive disorder and comorbid diagnoses). The following five research 

questions were examined.  

• Research question 1 (main question): Did CBM memory training reduce depressive 

symptoms and was this decrease greater for participants in the positive training than for 

participants in the neutral training? 

• Research question 2: Did positive CBM memory training reduce trait rumination? And 

again, was this decrease greater for participants in the positive training than for participants 

in the neutral training? 

• Research question 3: Did the positive training immediately reduce state rumination and 

through that depressive symptoms? Thus, did state rumination mediate the effect of positive 

training on depressive symptoms? 

• Research question 4: Did positive CBM memory training affect autobiographical memory 

as a transfer of training to a real-life emotional memory performance and lead to more 

positive autobiographical memory than the neutral CBM memory training? 

• Research question 5: Did the CBM memory training promote a training-congruent recall 

bias and did the positive training induce a positive recall bias? 

 

Three of the five hypotheses (1, 2, and 5) were validated. As expected, the positive CBM 

memory training led to greater reduction in depressive symptoms and trait rumination over a period 

of two weeks compared to the neutral CBM memory training. Consistent with previous studies 

(Hertel et al., 2017; Vrijsen et al., 2016), the results revealed that the cued repetitive retrieval training 

resulted in training-congruent recall of emotional verbal information and thus a positive memory 

bias. 

However, the two remaining hypotheses (3 and 4) were refuted. Contrary to expectations, 

the positive CBM memory training did not lead to a greater change in positive autobiographical 

memory than the neutral CBM memory training. Thus, the positive training did not stimulate positive 

autobiographical recall. Furthermore, state rumination was not found to mediate the effect of CBM 

memory training on depressive symptoms. These findings are reviewed in greater detail in the next 

section. 
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4.2. Critical Appraisal 

The results are discussed in order, beginning from the main research question and hypothesis, 

and moving on to sub-research questions and hypotheses. All results were the same for both sample 

selections (ITT and PP). However, the results for the PP selection were clearer, as expected. 

Due to the time-consuming nature of the data collection and the onset of the COVID-19 

crisis, data collection was stopped before the 100 desired participants could be included. Nevertheless, 

sufficient power was achieved because the actual effect may be larger than the expected effect. If the 

planned number of participants had been reached, the results might have been more significant. 

From baseline to post, participants of both CBM memory training groups did not 

demonstrate a different reduction in depressive symptoms, either in terms of self-ratings (BDI-II) nor 

clinician ratings (HDRS). From baseline to follow-up, no significant differences between the groups 

were observed in terms of the clinician ratings (HDRS). However, the positive CBM memory 

training group had a significant and medium effect on self-ratings of depressive symptoms (BDI-II), 

according to Cohen’s guidelines (Cohen, 1988). The positive training condition produced a higher 

mean difference in BDI-II scores than the neutral training condition from baseline to follow-up. As 

expected, this effect was more prominent in the stricter PP selection than in the ITT selection. 

There may be several explanations for the absence of group differences in terms of BDI-II 

and HDRS scores from baseline to post and partially absent group differences in terms of HDRS 

from baseline to follow-up, but significant main effects of time (similar reduction of symptoms in 

both groups over the time from baseline to post and from baseline to follow-up). In fact, regardless 

of the CBM memory training condition, depressive symptoms declined over time, from baseline to 

post and from baseline to follow-up. This was confirmed through BDI-II self-ratings and HDRS 

clinician ratings. These effects indicate that time and TAU helped reduce depressive symptoms in 

any event. Alternative explanations that do not take into account time and TAU are related to the 

design of this study with the active instead of a no training control group and follow two lines of 

reasoning. These argumentation lines are related to the mechanisms (form of thoughts and content of 

thoughts during retrieval) that might sustain depressive thinking. First, in contrast to a no-training 

control group, an active control group could have changed the form of depressive thoughts (abstract 

rumination) through the same specific approach (cued repetitive retrieval) used in the intervention 

group. By requiring the mind to engage in a mental action incompatible with rumination, depressive 

thinking and symptoms might have decreased. Second, the study design was such that the control 

group had to remember neutral content rather than negative or no content. Neutral content could have 

acted like positive content in this case because it is not negative and fills available memory space 

that otherwise might have been occupied by negative thoughts. Thus, neutral CBM memory training 

may have worked like a mock training by stimulating participants to actively learn and recall neutral 

word pairs. Vrijsen et al. (2018) used this explanation to explain findings about comparable symptom 

change over time; they stated that their neutral training may have functioned as a ‘lower dose’ version 
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of their positive training. Thus, the neutral training may have trained memory away from a 

depressogenic negative memory bias, albeit less than the positive training condition in theory. Hence, 

the effects of the two conditions on memory bias and depressive symptoms may be similar. Also, 

Vrijsen et al. (2016) provide support for this idea; in their study, retrieval accuracy (percentage of 

recalled word pairs) was approximately the same for all conditions (positive training, negative 

training, and no training), and specific retrieval practice (cued repetitive positive retrieval) rather 

than retrieval accuracy led to the maintenance of a positive mood. Another argument for the lack of 

group differences concerns the omission of a negative control group. As in Vrijsen et al.´s (2016) 

study, a comparison with a negative content control group could not be conducted in the present 

study for ethical reasons. Thus, in this study, expected differences between conditions at the content 

level (neutral vs. positive) may have been too small or not as contrasting as they would be with a 

negative control group to show detectable group differences in the outcome variables used to detect 

symptom change. 

In another line of thought, one could say that without a no-training condition and the use of 

a mock training, it is unclear whether the current findings are at all attributable to the targeted 

processes of cued repetitive positive retrieval practice or whether effects that are non-specific to 

training were found. However, previous CBM memory studies by Vrijsen et al. (2016) and Hertel et 

al. (2017) have countered this argument. These researchers included a no-training condition and 

showed that the expected working mechanism in the training was indeed cued repetitive retrieval 

practice. Hertel et al. (2017) stated that ‘Retrieval practice more than doubled recall levels a week 

later. Even unpractised positive pairs were better recalled in the negative retrieval practice condition 

than those who merely studied [merely study = no-training condition = no retrieval practice]’. 

Nevertheless, since the participants in this study differ from those in the aforementioned studies, it 

would be valuable to include a no-training condition with depressed individuals who ‘only’ receive 

therapy (TAU), to minimize possible sources of error. This would clearly show the differences 

between the results of a CBM intervention and TAU. However, it is ethically questionable to 

withhold a possibly helpful treatment from patients who are already sick, which is why an active 

control condition was chosen in the first place. 

Within this study, the results related to rumination are also worth noting. According to 

Marchetti et al. (2018), rumination can be viewed as both a trait and a state. In this study, both of 

these conditions were measured for different purposes. To evaluate whether a deep-rooted ruminative 

mindset (i.e., trait rumination) can be changed through training, the RSQ was included. To assess 

whether CBM memory training could have an immediate effect on current dysfunctional cognition 

and thus depressive symptoms, the MRSI was included. A significant decrease in trait rumination 

was found from baseline to follow-up in both groups, but the effect was more pronounced for 

participants in the positive training condition. However, this decrease was not significant from 

baseline to post. The non-significant differences between the two training conditions on change in 
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trait rumination directly after training may relate to the fact that trait rumination takes longer than a 

week to change, as seen in a significant change at follow-up. This is confirmed by Vrijsen et al. 

(2018), who found a small but significant decrease in rumination from baseline to follow-up for 

ruminators and dysphoric students. The non-significant total and indirect mediation effects of state 

rumination on depressive symptoms and increases in state rumination immediately after training may 

reflect ‘the labour’ that a week of training implies for patients, especially since MRSI values fell to 

their lowest at follow-up, when completion of the study was ‘ensured’ (see Table 12). This means 

that the effort that participants experience through training could have a direct negative effect on 

state rumination. 

The CBM memory training had no transfer effect on the emotionality of recall of an 

important (life) event. Possibly, the timing of the autobiographical recall test may help explain the 

‘missing’ result. Questions about autobiographical memory that operationalize a transfer of training 

to a real-life emotional memory performance were asked immediately following the training sessions. 

A transfer like this may take a longer time to develop than half an hour or a week. This idea is 

supported by Vrijsen et al. (2018), who stated that ‘If the training affects which new experiences are 

remembered, the transfer of the training to autobiographical memory bias should be stronger one 

week later [a week after the last training session]’. In contrast to the latter, a question about an 

autobiographical event was asked directly after the training (post) and one week later (follow-up) in 

this study; however, no effect was observed. This may be because the generalization time is still too 

short for effects to appear. In general, the fact that this study was conducted with inpatients – in 

contrast to a student or community sample – could also explain the lack of transfer of rumination and 

symptom change to the real-life measure (autobiographical emotional memory performance), since 

inpatients experience more extreme symptoms (cf. Vrijsen et al. (2018) from baseline almost to 

follow-up). Furthermore, Vrijsen et al. (2018) showed that one session of positive CBM memory 

training did not affect autobiographical memory bias in individuals who are considered at-risk for 

depression. Maybe this number (one session) ‘equals’ the number of several sessions (four) for 

individuals who have already developed a manifest depression, as in this study. Thus, perhaps for an 

at-risk sample, as opposed to a depressed sample, one training session is equivalent to four training 

sessions in terms of change or lack of change in autobiographical memory content. There are two 

other reasons why inpatients may have more difficulty recalling a recent and positive life event. The 

first is that they lack a normal daily routine when they are at a ward and may thus lack positive 

reinforcement in their daily routine. The second is that they experience positive (life) events but do 

not evaluate and memorize them as such, which is why they cannot remember them as positive events 

at a later time. 

When considering whether the intervention was valid in terms of the intended effect (i.e., 

whether the ‘manipulation’ was successful), it is necessary to examine the valence of what was 

recalled and remembered. The training led to the differential recall of emotional target words. The 
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positive training condition produced the highest correct recall of positive word pairs, while the 

neutral training condition showed the highest correct recall of neutral word pairs. There was no 

significant difference between the conditions in terms of the correct recall of negative word pairs. 

This was true for both immediate and delayed recall. The direction of all these outcomes met 

expectations. The intended emotional bias induction is therefore confirmed, which replicates the 

findings of Hertel et al. (2017) and Vrijsen et al. (2016). 

 

4.3. Limitations 

There are some limitations that warrant consideration. First, the fact that more significant outcomes 

were related to the BDI-II than the HDRS was unexpected. Normally, clinician-rated depression 

measures (HDRS) are more sensitive to change, whereas self-report measures (BDI-II) tend to be 

more conservative (Cuijpers et al., 2010). However, in the current study, the training effect was 

exclusively detected through the patient-rated BDI-II. An explanation may be that the symptom 

severity of HDRS scores at baseline ranged from M = 13.8 to M = 15.4. According to the National 

Disease Management Guideline for Unipolar Depression (DGPPN et al., 2015), these scores indicate 

mild depression, if based on a 17-item HDRS version in contrast to the here used 21-item version. 

That is, the low scores assigned, estimated depressiveness proportionately even lower for 21 items 

than for 17 items. Furthermore, the averaged BDI-II scores at baseline ranged from M = 25.9 to M = 

28.9, which represent moderate to severe depression (DGPPN et al., 2015). Thus, observer ratings 

were in another range and lower than the introspective perception (self-ratings). This seems to be an 

artefact of measurement and may represent a rater as well as a questionnaire bias, which will be 

elaborated further. Differences in item content between the BDI-II and the HDRS may have led to a 

variance in symptom severity. While the BDI-II contains more psychological items of depression, 

the HDRS emphasizes transdiagnostic and somatic depressive symptoms (see Appendix B and 

Appendix E). First, on the HDRS, higher ratings (score 3 or 4) seem to represent the extreme end of 

depression (e.g., Item 1 – depressive mood: ‘patient ALMOST ONLY communicates this mood, 

verbal or non-verbal’; Item 2 – feelings of guilt: ‘accusing acoustic or visual hallucination’; Item 3 

– Suicide: ‘suicide attempts’). These ratings seem to reflect the severity of depression seen in patients 

on a closed ward, who are different from the open ward patients in this study. Thus, these high ratings 

were rarely given by the study investigator, which means that the nevertheless strong depressive 

symptoms among patients in this study may not have been detected and were thus underestimated. 

Second, sleeping problems were covered by three items of the HDRS but only if patients were not 

medicated (only mentioned in the interview guideline). The study investigator often gave a rating of 

zero on these items because most patients took medication and still did not sleep well. Therefore, it 

is once again possible that their condition was not accurately captured in the available answers. Third, 

there were about 11 more items that were trans-diagnostic in nature and did not adequately represent 

depressive experiences (e.g., Items 11 and 12 covered overall bodily and gastrointestinal symptoms). 
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These were also sometimes given a rating of zero. In summary, these measurement artefacts may 

have resulted in a floor effect for the recorded depressive symptoms, which may have prevented a 

differential survey of the training effect on depressive symptoms recorded with the HRSD. 

Regarding the creation of the word pairs used in the study, the procedure was deemed to be 

adequate. Since the word pairs were based on evaluated and validated scientific sources (ANEW and 

BAW-L, Vo et al. (2009)). Nevertheless, some restrictions arose when taking into account Hertel et 

al. (2017) views. They stated that, ‘in typical experiments designed to reveal valence-related 

differences in recall, the to-be-recalled words differ [on other dimensions than valence, see below]’. 

This same was true of this study (see Appendix H). Thus, it is possible that ‘any resulting recall 

differences, however, cannot be attributed entirely to emotional meaning, because the words differ 

concomitantly on other characteristics – for example, negative words are more abstract – and 

controlling for these potentially confounding variables sometimes produces word sets that seem 

unusual in other ways’. 

Therefore, Hertel et al. (2017)  

‘took a different approach by asking all participants to learn the same nouns after imbuing 

them with differential emotional meaning through their learned associations with the cues. 

Whereas some participants studied disgusting habits, for example, just as many studied 

constructive habits. Using emotionally meaningful cues also has the advantage of modelling 

situations in which current feelings cue concepts, connected to those feelings (Bower, 1981)’. 

Hertel et al. (2017). 

This approach may have led to a stronger effect on mood or symptoms, respectively. 

 

4.4. Future Aims and Recommendations for Further Research 

In future research, a different clinician-rated depression scale may be useful for comparing 

self-rated and clinician-rated symptom severity and differential training effects. In addition to the 

aforementioned improvements to word pair construction, another aim of future research could be to 

include self-relevant stimuli in the training. In other words, stimuli that have a personal meaning for 

someone. It is known that subsequent memory performance is more likely when the information to 

be processed is self-relevant to participants (Turk et al., 2008). Furthermore, self-relevant stimuli 

enhance the effect of learning on implicit memory, which has only been studied in the context of 

negative information in depressive groups to date (Gaddy & Ingram, 2014). Since implicit memory 

is automatic and habitual, next to the  advantage of fast processing it can be used with the here 

presented kind of training through the hypothesized mechanism of habit reversal (Watkins & Nolen-

Hoeksema, 2014). Based on these findings, it would be interesting to develop CBM memory trainings 

that include positive self-relevant stimuli to enhance their effect on depression in subsequent studies. 

Moreover, it would be compelling for future treatment to make the trainings easily accessible 

to clients by offering them for at-home use on the computer or even on a smartphone. This could 
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motivate participants to adhere to the treatment, since there would be fewer barriers to overcome. 

Motivation is known to be an important predictive factor in the improvement of depression symptoms 

(Burns et al., 2013). In particular, smartphone-based treatments may represent a new generation of 

interventions due to their accessibility, which would be independent of time and location. A 

systematic review of RCT´s involving smartphone apps for depression confirmed that the use of such 

apps led to a reduction in depressive symptoms. However, symptom reduction depended on whether 

the app featured active treatment components (e.g., components based on CBT or behavioural 

activation) and targeted symptom reduction in clinical or subclinical populations (Kerst et al., 2020). 

 

4.5. Conclusion 

In summary, the here presented study confirmed earlier research by showing that a memory 

bias can be induced through differential cued repetitive retrieval practice. The positive CBM memory 

training condition was more effective in reducing the severity of self-rated – but not clinician-rated 

– depressive symptoms. Anyway, participants who repeatedly practiced positive or neutral ‘biased’ 

retrieval, reported fewer symptoms and less rumination one week after the completion of training. 

Thus, CBM memory training can be seen as another step to implementing simple, shorter-term and 

cost-effective additional treatments to the currently applied treatment methods such as 

pharmacotherapy and psychotherapy. Such a training with a more user-friendly interface would be a 

valuable complement in the treatment of clinical depression. In addition to the further development 

of therapeutic approaches, the creation of this direct emotional memory training was of great value 

for a deeper understanding and extension of former psychological research. It identifies specific 

anchors for helpful interventions by using previously developed ideas and confirming them. This 

was achieved through the identification of different memory functions (memorizing and retrieving), 

memory bias and memory dysfunctions underlying depression (i.e., repetitive retrieval of negative 

content: rumination). Since the study outcomes are promising, future research that engages in long-

term investigation of CBM memory training over the course of several weeks should be considered. 
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Synopsis 

Depression is an affective disorder with the major symptoms including depressed mood, 

diminished interest or pleasure, and lack of drive that can lead to a significant reduction in not only 

the quality of life and life expectancy but also productivity. Driven by these considerable 

impairments, many efforts have been made to develop helpful treatment options. However, no 

definitive treatment option for depression has been identified and available treatment capacities are 

scarce. 

Psychological research over the past 50 years has identified cognitive biases in different 

domains (attention, interpretation, and memory) and has shown that cognitive biases in the 

processing of emotional information play a role in the development of emotional resilience or 

emotional vulnerability for depression. Biased memory of negative emotional information is 

especially salient in the onset and maintenance of depression with relatively enhanced memory for 

emotionally negative information. It is also known that rumination, the repeated cognitive 

recollection of one's own stressful circumstances and depressive symptoms, is associated with 

negative memory bias. 

In recent years, computer trainings that attempt to modify these cognitive biases – a practice 

known as cognitive bias modification (CBM) – have been developed to address anxiety and 

depression. A new computer-based CBM memory training was designed for the here presented study. 

The innovation of this work was a focus on reversing negative memory bias by cued repetitive 

positive retrieval (‘retrieval practice’). In this way, training was intended to address rumination as a 

possible mechanism behind negative memory bias. While comparable trainings have rarely been 

conducted with acutely ill patients, this study focused on a clinical population. 82 participants were 

randomly assigned to either a positive (intervention) or a neutral (control) CBM memory training 

condition and treated during 4 sessions on the course of one week. In the positive condition, patients 

were trained to preferentially retrieve positive verbal information and in the neutral condition, they 

were trained to retrieve neutral information. The main research question in this randomized 

controlled trial was, whether patients in the positive condition showed a significant decrease in 

depressive symptoms in contrast to participants in the neutral condition. Of further interest was, 

whether rumination was also affected by positive CBM memory training. Effects were assessed by 

the Beck Depression Inventory and by the Hamilton Depression Rating Scale as well as by the 

Response Style Questionnaire, a measure for rumination. As expected, the positive CBM memory 

training led to greater reduction in self-assessed depressive symptoms and trait rumination over a 

period of two weeks compared to the neutral CBM memory training. These findings are promising 

since a training like that can be implemented as an easy and cost-effective add-on to the current 

clinical routine treatment of depression. 
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Appendix H Stimulus Material 

Cue word Valence Target word 

Person pos zusammen 

essen pos Lust 

vorbereiten pos Party 

Wissenschaft pos grandios 

Begegnung pos umarmen 

Stängel pos Blume 

Flügel pos Engel 

Organ pos gesund 

klingen pos bejubeln 

Bühne pos Talent 

Gebäude pos schön 

Ernennung pos Romantik 

finden pos Belohnung 

Lotto pos Freude 

Aktivität pos Höhepunkt 

erwarten pos Hoffnung 

Affekt pos Liebe 

Lampe pos gemütlich 

Fahrrad pos Freiheit 

unternehmen pos Vergnügen 

Kerze pos verliebt 

Jahreszeit pos Sommer 

Unterwäsche pos Erotik 

Büro pos Freundschaft 

Geschichte pos Humor 

Statue pos Held 

Bewerber pos super 

Gekicher pos lebendig 

Gebiss pos strahlend 

Koffer pos Urlaub 

Sand pos Oase 

Rücken pos Massage 

Mund pos küssen 

Turnschuh pos topfit 

Rede pos lachen 

Ort pos Paradies 

Klavier pos Begabung 

Tier pos loyal 

Buch pos wertvoll 

Anfänger pos Erfolg 

Fasching pos kreativ 

Cue word Valence Target word 

Haltung pos Optimist 

Brettspiel pos Sieg 

Wette pos Gewinn 

baden pos Warm 

Zustand pos Frieden 

Flughafen pos Ferien 

Tonfall pos Harmonie 
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Cue word Valence Target word 

Kleidung neu gefaltet 

Lebensmittel neu Mahlzeit 

Zeichenbrett neu Richtung 

Ring neu tragen 

Partner neu Unternehmen 

Fußboden neu Stein 

Brille neu Fassung 

Bürste neu Zahn 

Tropfen neu Wasserhahn 

Fernseher neu Programm 

Horizont neu Schiff 

Leim neu Sohle 

Bank neu Automat 

Schuh neu Schnürsenkel 

Kalender neu Termin 

Zeitung neu Artikel 

erbeten neu Mitleid 

Geruch neu Nase 

Hose neu Knopf 

gelb neu Stoff 

drehen neu Runde 

trinken neu Saft 

Luft neu Atmosphäre 

Spülmachine neu Tafelgeschirr 

Niederlassung neu Blätter 

Holz neu Brett 

Computer neu Bildschirm 

Bein neu laufen 

Küche neu Pfanne 

Museum neu Ausstellung 

Farbe neu Pinsel 

Aussage neu Tatsache 

Fußball neu Stadion 

Vase neu Töpferei 

Erziehung neu Schule 

Karton neu heben 

Fabrik neu Mitarbeiter 

greifen neu manuell 

Merkmal neu Locken 

Treppe neu Keller 

Lesesaal neu Lupe 

Route neu Wege 

Wolke neu weiß 

Cue word Valence Target word 

Schrank neu Kerzenhalter 

Adressat neu Absender 

Kasse neu Geschäft 

Box neu Stift 

Acker neu Getreide 
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Cue word Valence Target word 

Notar neg Scheidung 

Autobahn neg Unfall 

Lunge neg Atemnot 

Kasino neg Verlust 

Eigentum neg Sklave 

schlafen neg Alptraum 

Wetter neg Unheil 

Scheune neg verwesen 

arbeiten neg Stress 

Kette neg berauben 

Zug neg Verzögerung 

Fakten neg lieblos 

Haus neg Krank 

Leuten neg einsam 

Seil neg Geisel 

Körperteil neg Lepra 

Zeugin neg Verbrechen 

Unterhaltung neg Unfriede 

Chemie neg Giftgas 

Pelz neg grausam 

Beziehung neg Untreue 

Hemd neg eiskalt 

fühlen neg schuldig 

Taucher neg Unterkühlung 

Gehirn neg Tumor 

atmen neg Angstanfall 

neutral neg negativ 

Kopf neg Verletzung 

Geschichte neg Krieg 

Hörner neg Satan 

Öffentlichkeit neg Verrat 

Ozean neg ertrinken 

Darlehen neg Schuld 

Schwester neg tot 

Keller neg Sadismus 

Ereignis neg traurig 

Heute neg freudlos 

Zeigefinger neg Drohen 

Stabheuschrec

ke 
neg leblos 

Konto neg wertlos 

Arzt neg Krankheit 

Meer neg 
Überschwemmu

ng 

Cue word Valence Target word 

Kontakt neg zerstören 

Shampoo neg Haarausfall 

rot neg Bluttat 

Fenster neg Selbstmord 

Rucksack neg Bombe 

Abend neg Raubüberfall 
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Appendix I Onscreen Instructions of Training (5th Day, 4th Training Day) 

Anleitung: 

• Dieses Experiment hat das Ziel, psychologische Methoden zu entwickeln, um Menschen zu 

helfen. Ihre ernsthafte und verlässliche Mitarbeit ist sehr wichtig, um die Ergebnisse gut 

interpretieren zu können, sodass wir in Zukunft Menschen helfen können, die diese Hilfe 

brauchen. 

• Vielen Dank für Ihre Mitarbeit. 

• Für alle Instruktionen während dieses Experiments gilt, dass Sie die Leertaste drücken 

können, um weiterzugehen. Lesen Sie die Instruktionen konzentriert und gut durch, da es 

nicht die Möglichkeit gibt, zum vorigen Schirm zurückzugehen. 

• Drücken Sie die Leertaste, um weiterzugehen. 

 

• Sie nehmen an einer Untersuchung teil, bei der es um das Behalten von Wörtern geht. 

• In diesem Experiment werden wir Ihr Gedächtnis testen. 

• Drücken Sie die Leertaste, um weiterzugehen. 

 

• Die Aufgaben sind einander ähnlich, aber es ist sehr wichtig, dass Sie die Instruktionen 

immer gut lesen. Wenn Sie Fragen haben oder etwas undeutlich ist, kann der Testleiter 

Ihnen helfen. 

• Drücken Sie die Leertaste, um weiterzugehen. 

 

Study Phase: 

• Bei dieser Aufgabe werden wir Sie bitten sich Wortpaare zu merken. 

• Die Wortpaare werden einzeln auf dem Bildschirm erscheinen. Jedes Wortpaar wird einige 

Sekunden auf dem Schirm zu sehen sein. Nutzen Sie also diese Zeit, um sich das Paar zu 

merken. 

• Die Wortpaare, die Sie sich merken sollen, werden jetzt nacheinander auf dem Bildschirm 

erscheinen. Wenn Sie glauben sich das Wortpaar gut gemerkt zu haben, können Sie auf die 

Leertaste drücken, um zum nächsten Wortpaar zu gehen. 

• Wenn Sie das letzte Wort gesehen haben, werden wir Sie bitten, Rechenaufgaben zu lösen. 

• Drücken Sie die Leertaste, um weiterzugehen. 

 

Distraction (Calculations): 

• Jetzt werden einige Rechenaufgaben folgen. Geben Sie jeweils das Ergebnis der Aufgabe 

ein und drücken Sie danach auf ENTER. Probieren Sie die richtige Antwort zu geben. Es 

ist nicht schlimm, wenn Sie etwas Zeit benötigen, um zu rechnen. 

• Nachdem Sie einige Zeit an diesen Aufgaben gearbeitet haben, werden wir Sie bitten, 

jeweils das zweite Wort der Wortpaare zu erinnern und einzutippen. 

• Drücken Sie die Leertaste, um weiterzugehen. 

 

Practice Phase: 

• Sie haben vorhin eine Abfolge von Wortpaaren gelernt. Sie werden jetzt jeweils das erste 

der Worte aus den Paaren einzeln nacheinander zu sehen kriegen. Setzen Sie jeweils das 
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dazugehörige zweite Wort ein. Probieren Sie so viele von den vorhin gelernten Worten zu 

erinnern und einzutippen. 

• Wenn Sie Ihre Antwort eingegeben haben, drücken Sie die Lehrtaste, um zum nächsten 

Wort zu gehen. 

• Drücken Sie die Lehrtaste, um weiterzugehen. 

 

Distraction (Raven Progressive Matrices): 

• Jetzt beginnt ein neuer Teil der Untersuchung. 

• Nehmen Sie sich bitte das Buch mit den Puzzles (Raven Progressive Matrices), das neben 

dem Computer liegt.  

• Probieren Sie bei jedem Puzzle das fehlende Stück zu finden, welches das Muster des 

Puzzles komplettiert. Sie können die Lösung umkreisen. 

• Wenn Sie ein Puzzle einmal nicht lösen können, können Sie einfach zum nächsten 

weitergehen. Sie brauchen nicht alle Puzzles zu lösen. Es ist nur wichtig, dass Sie in Ruhe 

hieran arbeiten. 

• Sobald Sie eine Klingel hören können Sie das Puzzlebuch schließen und mit den 

Computeraufgaben fortfahren. 

• Drücken Sie die Leertaste, wenn Sie für die Puzzle-Aufgaben bereit sind. 

 

• Sie können das Puzzlebuch jetzt weglegen. 

• Drücken Sie die Leertaste, um zum nächsten und letzten Teil der Untersuchung zu gehen. 

 

Test Phase: 

• Jetzt folgt der letzte Test des Experimentes über die Wortpaare. 

• Das erste Wort der Wortpaare wird jeweils erneut einzeln auf dem Bildschirm erscheinen. 

Ihre Aufgabe ist es, so viele von den zuvor gelernten, dazugehörigen Worten zu erinnern 

und einzutippen. 

• Für das Einsetzen der Wörter haben Sie 8 Sekunden Zeit. Nach Ablauf der 8 Sekunden 

wird automatisch zum nächsten Wort übergegangen. 

• Drücken Sie die Leertaste, um weiterzugehen. 

 

Measure of Real-Life Emotional Memory Performance: 

• Wir bitten Sie nun an ein wichtiges Erlebnis in Ihrem Leben zu denken und dieses kurz zu 

beschreiben. Es kann etwas sein, was erst kürzlich passiert ist, aber auch etwas von früher. 

• Beschreiben Sie auf der nächsten Seite kurz, was bei dem Erlebnis passiert ist und wie Sie 

sich gefühlt haben. 

• Drücken Sie nun die Leertaste, um zur nächsten Seite zu gehen. 

• Beschreiben Sie hierunter kurz das Erlebnis und wie Sie sich dabei gefühlt haben.  

Mit der ENTER-Taste können Sie in die nächste Zeile springen, um weiterzuschreiben. 

Wenn Ihre Beschreibung fertig ist, können Sie die Control-Taste (Ctrl) unten links 

drücken, um weiterzugehen. 

 

• Sie haben seit Beginn dieser Untersuchung 144 Wortpaare gelernt. Nächste Woche werden 

Sie getestet werden, an wie viele dieser Wörter Sie sich noch erinnern können. 
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• Sie sind nun am Ende von diesem Teil der Untersuchung. 

• Sie können dem Testleiter nun Bescheid geben, dass Sie fertig sind. Sie wird Ihnen 

erklären wie die Folgeuntersuchung in einer Woche ablaufen wird. 
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