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You have just opened this thesis about affective change and mental imagery 
in depression. At this moment, how do you feel? What if you’d stop for a mo-
ment, and think back about an event that made you feel very anxious or sad? 
See the events as they unfolded, looking with your mind’s eye. What do you 
hear in your mind’s ear? Include your other senses as well. Take your time to 
take yourself on this mental journey and tell me, how do you feel now?

Possibly, you now feel more negative feelings and less positive feelings. 
In other words, you may just have experienced affective change. Depression 
is characterized by an abundance of negative affect and a lack of positive 
affect. The transition into and out of a depressive episode thus entails pro-
found affective changes. Furthermore, in previously depressed individuals, 
the answer to the question “how do you feel now” predicts future depressive 
relapse. Therefore, finding ways to change affect in (previously) depressed 
individuals may help them to move onwards. It may contribute to the treat-
ment of depression and the prevention of relapse.

Using mental imagery may be a powerful technique to change emotions. 
Imagination is transformed in something tangible in the magical world of 
Harry Potter, where beings that take on the form of one’s worst fear — so-
called Boggards — can bring someone to tears in a stressful period (Hermi-
one Granger: “P-P-Professor McGonagall! Sh-she told me I’d failed every-
thing!”). Conversely, J.K. Rowling illustrates how imagination may be used to 
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repel these demons. Forcing a Boggard to take on a ridiculous shape (“Riddi-
kulus!”) can result in the laughter needed to defeat its spell. Imagination may 
also be used to vividly recall a positive memory and thereby conjure a protec-
tive charm (“Expecto Patronum!”) against a Dementor. Dementors feed on 
positive emotions, and suck out “every good feeling, every happy memory” 
so that you will be left with “nothing but the worst experiences of your life.” 
A description not dissimilar to depression.

Outside of the magical world, imagination is as normal as can be. You 
may often use your imagination in everyday life, for example when picturing 
a dish to remember what ingredients to buy or having an idea of how the 
person on the other end of the telephone line looks like. But using your imag-
ination may also affect your mood in either a positive or negative way. For 
example, the memory of a deceased loved one can cast a cloud on a bright and 
sunny day. Engaging in positive imagery may, conversely, boost our mood, for 
example by cherishing positive memories or dreaming up fantastic events for 
the future. And possibly, mentally making changes to an upsetting image may 
help break its spell. Although your imagination cannot change reality, it can 
change the way you feel.

Therefore, in this thesis, it was examined how emotions may change 
under influence of mental imagery and how changing emotions may be of 
relevance to relapse in depression.
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General introduction
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Depression
The diagnosis of Major Depressive Disorder (MDD; also referred to as de-
pression) describes a period of at least two weeks in which symptoms are 
present almost every day, for most of the time, and are associated with a sig-
nificant burden or change in functioning (American Psychiatric Association, 
2000; American Psychiatric Association, 2013). The co-occurrence of mini-
mally five of the symptoms, including at least one of the two core symptoms 
of depression, sad mood and loss of interest or pleasure, is required. There is 
great variety in the symptoms experienced by individuals diagnosed with a 
depression (Fried & Nesse, 2015; Zimmerman, Ellison, Young, Chelminski, 
& Dalrymple, 2015). For example, one patient may experience persistent sad 
mood, loss of appetite, sleep and concentration and loss of energy, where-
as another patient may suffer from a loss of interest and pleasure, excesses 
of sleep and appetite, feelings of restlessness and recurring thoughts about 
death and suicide.

Emotional disturbances in depression — How do you feel?
Emotional disturbances are a hallmark symptom of depression; both excess-
es of negative affect (e.g. sadness, guilt) and the absence of positive affect (e.g. 
anhedonia) are symptoms described in the diagnosis (American Psychiatric 
Association, 2013). Overall, individuals diagnosed with depression experi-
ence greater negative affect and lower positive affect than those without a 
diagnosis of depression (O’Hara, Armeli, Boynton, & Tennen, 2014). More-
over, after a depressive episode, affective disturbances persist (Iacoviello, 
Alloy, Abramson, & Choi, 2010; Rucci et al., 2011). In previously depressed 
individuals, these affective disturbances are related to reduced quality of life 
(Benvenuti et al., 2010) and poorer psychosocial functioning (Romera et al., 
2013). Finally, levels of subjectively experienced affect have been found to 
partly determine the future course of depression (Charles, Piazza, Mogle, Sli-
winski, & Almeida, 2013; de Jonge et al., 2017; Morris, Bylsma, & Rottenberg, 
2009; Rucci et al., 2011; van Rijsbergen, Bockting, Berking, Koeter, & Schene, 
2012). Thus, affective disturbances play a central role in the onset, mainte-
nance, and recurrence of depression. Studying and understanding emotion-
al disturbances may therefore help inform the treatment and prevention of
depression.
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Chapter 1

Preventing depressive relapse
MDD is characterized by a high prevalence and a recurrent course, which 
adds to the considerable societal and personal burden of depression (Bock-
ting, Hollon, Jarrett, Kuyken, & Dobson, 2015; Kessler et al., 2005; Kupfer, 
Frank, & Phillips, 2012; Solomon et al., 2000). After having experienced a de-
pressive episode, the risk of experiencing another depressive episode ranges 
from 40–90%, with increasing risk of relapse or recurrence after each pre-
vious depressive episode (Eaton et al., 2008; Hardeveld, Spijker, De Graaf, 
Nolen, & Beekman, 2010; Moffitt et al., 2010).

There are several empirically supported treatments for depression and 
depressive relapse, including pharmacological and psychological interven-
tions. But many individuals do not respond and the relapse rate remains 
unacceptably high (Bockting et al., 2015). The treatment of depression and 
the prevention of relapse should be improved in order to lower the burden 
of depression. Achieving affective change may be a crucial aspect of these 
interventions, given the pivotal role of affective disturbances in depression. 
Affective change is examined in this thesis as an important step towards de-
veloping innovative and potentially personalized preventive interventions 
for depressive relapse.

Note on terminology: Relapse or recurrence?
A distinction between relapse and recurrence can be made wherein relapse 
describes a subsequent depressive episode before the patient is well and tru-
ly recovered from the previous episode, whereas recurrence is reserved for 
a subsequent depressive episode after a longer period of stable remission. 
However, the terms relapse and recurrence are often used interchangeably 
in the literature, given that both terms refer to a diagnosis of a depressive ep-
isode with a history of at least one previous depressive episode (Bockting et 
al., 2015). Moreover, there is controversy on whether distinguishing between 
relapse and recurrence is relevant for prevention of relapse (Beshai, Dobson, 
Bockting, & Quigley, 2011). Therefore, no such distinction will be made in the 
current thesis.
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Emotion, mood, and affect
“Everyone knows what an emotion is until asked to give a definition. 

Then it seems that no one knows.” 
Fehr & Russell, 1984, p. 464

Although the quote cited above is more than 30 years old, there is still no con-
sensus on exactly what emotions are (Rottenberg, 2017). The word ‘emotion’ 
stems from the Latin word movere (‘to move’) and refers to putting things 
in motion. There is an assumption about the concept of emotion underlying 
this word. Emotion is represented as a force within an individual that drives 
behavioral responses, e.g. “I lie awake with my eyes wide open and my ears 
tuned to every sound in the house because I’m afraid.” However, the diagno-
sis of depression does not rely on an objectively assessed “force within an in-
dividual,” but on a subjective experience. Evidence is accumulating that such 
subjectively experienced disturbances may indeed be essential in depression 
research (Joormann & Stanton, 2016). Accordingly, affect will be studied in 
this thesis as a subjectively experienced state, without any assumption on 
what these states reflect precisely.

Affect is often used as an umbrella term (Frijda, 1994) and encompasses 
several similar but somewhat different constructs (Morris, 1999; Russell & 
Barrett, 1999), such as core affect, emotion, and mood. Core affect describes 
the state of how someone feels at that moment (Russell, 2009), emotion usu-
ally refers to a transient state-like response or experience, and mood reflects 
a more longer-lasting affective state (Russell, 2003).

Affective change
There are several forms of affective change relevant to depression. The first 
is change in overall levels of negative and positive affect, the (residual) symp-
toms of depression. The second is affective reactivity, i.e. changes in affect in 
response to events. Affect may change in response to all kinds of events. For 
example, in response to a stressful situation, in response to meeting a friend, 
but also in response to the occurrence of a stressful thought or a positive 
memory. In laboratory settings, affective reactivity may be operationalized 
as affective change in response to a sad mood induction. A typical sad mood 
induction consists of recalling a sad memory whilst listening to Prokofiev’s 
Russia under the Mongolian Yoke at half speed. Affective reactivity may be 
disturbed in currently (Bylsma, Taylor-Clift, & Rottenberg, 2011; Bylsma, 
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Morris, & Rottenberg, 2008) and previously depressed individuals (van Win-
kel et al., 2015), and may be related to the future course of depression (Leth-
bridge & Allen, 2008; van Rijsbergen et al., 2013; Wichers et al., 2010; Wich-
ers et al., 2009). However, not all studies find a predictive effect of affective 
reactivity (Jarrett et al., 2012; Segal et al., 2006).

The third form of affective change relevant to depression is affective 
temporal dynamics, i.e. how affect fluctuates over time. This phenomenon 
has recently gained attention in depression research. Although several other 
indexes of temporal dynamics have been studied and implicated in depres-
sion (such as affective variability, Wichers, Wigman, & Myin-Germeys, 2015; 
affective instability, Thompson et al., 2012; and affective differentiation, 
Demiralp et al., 2012), the concept of affective inertia has gained particular 
attention in the context of recurrent depression (van de Leemput et al., 2014; 
Wichers, Groot, & Psychosystems, ESM Group, EWS Group, 2016). High af-
fective inertia describes an affective process of moment-to-moment change 
that is resistant to environmental influences. It represents the degree to 
which affect can be predicted from earlier assessments of affect. Interesting-
ly, an increase in affective inertia has been implicated specifically in the tra-
jectory towards a depressive episode (Trull, Lane, Koval, & Ebner-Priemer, 
2015) as an early warning signal of a transition into a depressive state (van de 
Leemput et al., 2014).

In sum, depressive relapse may be related to change in overall levels of 
positive and negative affect, affective reactivity and affective inertia. In this 
thesis, affective changes in response to recall of an aversive autobiographical 
memory will be investigated, as well as affective change from one moment to 
the next, and affective change over a longer period of time.

Assessing affective change  — Experience sampling methodology
Affective change can be examined by repeated assessment of affect within 
one individual, for example by assessing subjectively experienced affect be-
fore and after an intervention. Furthermore, experience sampling methods 
have been developed to repeatedly assess emotions within the flow of the 
daily life of an individual (Csikszentmihalyi & Larson, 1987; Delespaul, 1995; 
Myin-Germeys et al., 2009; Shiffman, Stone, & Hufford, 2008).

Experience sampling methodology may be used examine affect and 
affective change where it really matters, namely in the daily life of a pa-
tient (Myin-Germeys et al., 2009). Affect is repeatedly assessed within one 
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individual, allowing for the examination of how affect fluctuates from one 
moment to the next. From the resulting time series of affect, affective re-
activity can be assessed as the strength of the relation between context and 
affective state (Wichers et al., 2015) and several indexes can be calculated 
to describe the affective dynamics, including affective inertia (Trull et al., 
2015). In this thesis, affective changes will be examined both in the labora-
tory (where participants will be asked repeatedly to rate their subjectively 
experienced emotions), and in daily life (where experience sampling meth-
odology will be used).

In sum, affect and affective change appear crucial in depression. Exam-
ining how affective experiences can be changed using psychological inter-
ventions may be of clinical relevance and may therefore contribute to the 
improvement of existing interventions. Understanding processes that main-
tain affective disturbances may furthermore facilitate the development of 
innovative and potentially personalized and more effective preventive inter-
ventions for depressive relapse.

Mental imagery  — The mind’s eye
Affect seems to be closely related to mental imagery, and therefore men-
tal imagery has recently gained scientific attention in depression research 
(Holmes, Blackwell, Burnett Heyes, Renner, & Raes, 2016; Weßlau & Steil, 
2014).

What is mental imagery?
Mental images are an everyday phenomenon experienced by the vast major-
ity of individuals (Nelis, Holmes, Griffith, & Raes, 2014). For example, when 
someone is having a memory of a favorite holiday, imagining solutions for 
a problem at hand, or anticipating an upcoming event, mental images may 
arise. One experiences mental imagery when one has something in mind that 
resembles sensory perception, in the shape of, for instance, visual (seeing), 
auditory (hearing), olfactory (smelling), and physical sensations (feeling). In 
other words, a mental image can be conceptualized as a ‘weak form of per-
ception’ (Pearson, Naselaris, Holmes, & Kosslyn, 2015) which can be repre-
sented in different sensory modalities (Weßlau & Steil, 2014). Accordingly, 
mental imagery is defined as “representations and the accompanying experi-
ence of sensory information without a direct external stimulus” (Pearson et 
al., 2015). It is frequently described as “seeing with the mind’s eye” or “hear-
ing with the mind’s ear” (e.g. Kosslyn, Ganis, & Thompson, 2001).
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Mental images can be very diverse. The things that are represented by 
use of mental imagery may reflect actual events (such as autobiographical 
memories, e.g. a favorite holiday), but may also be based on imagination (e.g. 
anticipating an upcoming event). Also, these images may either be generated 
voluntarily (for example when trying to imagine whether a new couch would 
fit in the room) or pop up unbidden (for example when a smell suddenly 
initiates a mental image of baking a birthday cake as a child). Moreover, men-
tal imagery, though in itself a very normal sensation, may take on abnormal 
forms and may play an important role in abnormal psychology, as is further 
elaborated upon below.

Mental imagery and affect
Mental imagery is more strongly related to affective experiences than verbal 
material is (Holmes et al., 2016). Empirical evidence for this emotion-evoking 
property of mental imagery stems from laboratory experimental studies. Par-
ticipants who were instructed to process stimuli in an imagery-based manner 
responded with greater affective change than participants instructed to pro-
cess the exact same stimuli in a verbal manner (Holmes & Mathews, 2010). 
Imagery-based processing of positively valenced stimuli has been found to 
not only reduce negative emotions (Holmes, Mathews, Dalgleish, & Mack-
intosh, 2006; Holmes, Mathews, Mackintosh, & Dalgleish, 2008; Holmes, 
Lang, & Shah, 2009), but also to increase positive affect (Holmes et al., 2006; 
Holmes et al., 2009; Pictet, Coughtrey, Mathews, & Holmes, 2011) and pro-
tect against the affective impact of a negative mood induction (Holmes et al., 
2009). In contrast, imagery-based processing of negatively valenced stimuli 
resulted in more anxiety (Holmes & Mathews, 2005; Holmes et al., 2008). In 
sum, mental imagery has been found to amplify affective responses to both 
negatively valenced and positively valenced stimuli in non-clinical samples.

Negative mental imagery in depression
Of the currently depressed individuals, 32% to nearly a 100% suffer from neg-
ative mental images (for a review, see Weßlau & Steil, 2014). They may expe-
rience negative memories or suicidal imagery of the future (Weßlau & Steil, 
2014) and depressive thoughts that are present in an imagery-based manner 
(Moritz et al., 2014). Highly vivid negative mental imagery that pops up un-
bidden — so-called intrusive mental imagery — is a transdiagnostic process, 
associated with the onset and maintenance of a variety of mental disorders 
(Çili & Stopa, 2015). In depression, intrusive mental imagery often (70%) has 



General Introduction

21

010

an autobiographical nature and almost half of the intrusive mental images 
concern interpersonal problems (Weßlau, Lieberz, Oertel-Knöchel, & Steil, 
2016). Compared to never depressed individuals, currently depressed indi-
viduals have been found to react to intrusive memories with more sadness 
and helplessness and experience their intrusive memories as more vivid and 
distressing (Newby & Moulds, 2011a).

The role of mental imagery in the remitted phase of depression is un-
clear. To date, two studies did not find abnormalities in frequency or char-
acteristics of intrusive mental imagery in previously depressed individuals 
compared to never depressed individuals (Newby & Moulds, 2011a; Spence-
ley & Jerrom, 1997). However, intrusive negative mental imagery has been 
found to be prospectively predictive of depressive symptomatology. Intru-
sive images were found to be predictive of future depression in both a com-
munity sample (Newby & Moulds, 2011b) and a depressed sample (Brewin, 
Reynolds, & Tata, 1999). In a large web-based study, negative mental images 
were predictive of depressive symptomatology two months later, over and 
above baseline depression scores (Weßlau, Cloos, Höfling, & Steil, 2015). In 
sum, negative mental images seem to play a role in the course of depression.

Mental imagery in the treatment of (recurrent) depression
In clinical practice, therapists may ask about mental images to connect to 
the mental landscape of the patient (Di Simplicio, McInerney, Goodwin, At-
tenburrow, & Holmes, 2012; Holmes et al., 2016). Furthermore, intervention 
techniques may be used that target mental imagery. Preliminary results indi-
cate that intrusive mental images in depression may be targeted using imagi-
nal exposure (Kandris & Moulds, 2008) or imagery rescripting (Brewin et al., 
2009; Wheatley et al., 2007). In imagery rescripting, a patient can change the 
content of a problematic image into something more benign by using imag-
ination (Holmes, Arntz, & Smucker, 2007). The patient might, for example, 
introduce a friend who comforts the patient into the distressing image, or im-
age an alternative, and much more pleasant, ending to the problematic sce-
nario. Techniques that promote positive imagery are also used in treatments 
to prevent relapse in recurrent depression (Bockting et al., 2015). Thus, in ad-
dition to the current intervention techniques, which are mostly verbal, there 
is potential for using mental imagery to enhance treatment effects (Holmes 
et al., 2016; Ji, Heyes, MacLeod, & Holmes, 2015).
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In sum, mental imagery may play a role in affective disturbances in de-
pression (Holmes et al., 2016; Weßlau & Steil, 2014). Furthermore, depres-
sion is associated with an abundance of negative (autobiographical) imagery 
(Holmes et al., 2016), and negative mental images are associated with the 
onset, maintenance and recurrence of depressive symptomatology. Finally, 
there is potential for using mental imagery in therapeutic settings (Holmes et 
al., 2016; Ji et al., 2015). Therefore, understanding the role of mental imagery 
and affect may further improve interventions in depression.

Thesis outline
In this thesis, three lines of research will be presented that explore affective 
changes in the context of depression. First, two studies will investigate how 
interventions may alter affective experiences after aversive autobiographical 
memory recall. Second, two studies will examine how imagery-based pro-
cessing may be related to affective changes after aversive autobiographical 
memory recall and in daily life. Finally, it will be explored whether individual 
differences in negative affective trajectories can be detected during relapse 
prevention interventions that may be clinically relevant in terms of predict-
ing future relapse. In the final chapter of this thesis, it will be discussed how 
these three lines of research may converge to further understanding of the 
role of affective change and mental imagery in depression.

1: How intervention techniques change affect
In the first part of this thesis, it will be examined how imagery rescripting and 
mindfulness-based cognitive therapy change affective experiences. A series 
of experiments using imagery-based autobiographical memories in non-clin-
ical samples will be presented. In Chapter 2, two studies will be described 
that examine whether changing mental imagery also impacts the associat-
ed affective responses. It is hypothesized that making perceptual changes to 
an aversive autobiographical memory will result in affective change, given 
the ‘affect amplifying’ property of mental imagery. This hypothesis stands in 
contrast to the idea that changes to the meaning-relevant content of a mem-
ory have to be made for imagery rescripting to be effective, as suggested by 
current cognitive hypotheses of imagery rescripting (Arntz, 2012; Cooper, 
2011; Grunert, Weis, Smucker, & Christianson, 2007; Ohanian, 2002; Wheat-
ley & Hackmann, 2011).

The experiment described in Chapter 3 will examine whether per-
forming attentional breathing during recall of an aversive autobiographical 
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memory impacts subsequent recall. This experiment is inspired by previous 
experiments of van den Hout and colleagues (2011), that examined whether 
the effectiveness of mindfulness-based cognitive therapy in preventing re-
lapse in depression (Piet & Hougaard, 2011) can be (partly) explained using a 
working memory model.

Thus, the studies presented in the first part of this thesis examine how 
psychological interventions – i.e. imagery rescripting and mindfulness-based 
cognitive therapy – alter affective experiences. These experiments will there-
by investigate the working mechanisms of imagery rescripting and mindful-
ness-based cognitive therapy. This is important because to date “we still have 
little idea of precisely how treatment works” (Kazdin, 2016, p. 428), while 
identifying the working mechanisms of treatment is crucial for optimization 
of therapeutic change (Kazdin, 2007).

2: The role of mental imagery in affective disturbances
Mental imagery may play a role in affective disturbances in depression 
(Holmes et al., 2016; Weßlau & Steil, 2014). In the second part of this thesis, 
therefore, the role of imagery-based processing in the affective responses to 
recall of aversive autobiographical memories and in daily life will be inves-
tigated. In Chapter 4, an experimental study will be presented which inves-
tigates whether imagery-based processing enhances the affective impact of 
aversive autobiographical memory recall compared to verbal processing.

In Chapter 5, a study design will be presented which describes the addi-
tion of experience sampling methodology to a randomized controlled relapse 
prevention trial. In Chapter 6, the relation between mental imagery and af-
fect in the daily life of previously depressed and never depressed individuals 
will be explored using experience sampling methodology. Examples of imag-
ery-based processing in daily life will be described.

When the processes that cause and maintain psychopathology trans-
diagnostically are understood (Craske, 2012; Nolen-Hoeksema & Watkins, 
2011; Watkins, 2015), these causal mechanisms may be targeted in therapy, 
and consequently treatment outcomes may improve (Greeson, Garland, & 
Black, 2014; Mansell, Harvey, Watkins, & Shafran, 2008). Identifying the 
mechanisms and processes at work for the individual patient would enable 
therapist to transdiagnostically target the underlying mechanisms, rather 
than the resulting symptomatology (Watkins, 2015).
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3: Within-individual affective trajectories during relapse 
prevention treatment
In Chapter 7, it will be investigated whether individual trajectories in nega-
tive affect, both with regard to mean levels and inertia, can be detected using 
experience sampling methodology. If individual differences in affective tra-
jectories can be detected, and if these are related to subsequent depressive 
relapse, they may be used to inform personalized relapse prevention.

Finally, these chapters will be integrated in a discussion of the scientific 
and clinical implications of the findings in Chapter 8.
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Abstract
Imagery rescripting (ImRs) is a process by which aversive autobiographical 
memories are rendered less unpleasant or emotional. ImRs is thought only 
to be effective if a change in the meaning-relevant (semantic) content of the 
mental image is produced, according to a cognitive hypothesis of ImRs. We 
propose as additional hypothesis that ImRs can also be effective by the ma-
nipulation of perceptual features of the memory, without explicitly targeting 
meaning-relevant content.

In two experiments using a within-subjects design (both N = 48, com-
munity samples), both Conceptual-ImRs — focusing on changing mean-
ing-relevant content — and Perceptual-ImRs — focusing on changing per-
ceptual features — were compared to recall only of aversive autobiograph-
ical image-based memories. An active control condition, recall + attention-
al breathing (recall + AB) was added in the first experiment. In the second 
experiment, a Positive-ImRs condition was added — changing the aversive 
image into a positive image that was unrelated to the aversive autobiographi-
cal memory. Effects on the aversive memory’s unpleasantness, vividness and 
emotionality were investigated.

In Experiment 1, compared to recall only, both Conceptual-ImRs and 
Perceptual-ImRs led to greater decreases in unpleasantness, and Perceptu-
al-ImRs led to greater decreases in emotionality of memories. In Experiment 
2, the effects on unpleasantness were not replicated, and both Conceptu-
al-ImRs and Perceptual-ImRs led to greater decreases in emotionality, com-
pared to recall only, as did Positive-ImRs. There were no effects on vividness, 
and the ImRs conditions did not differ significantly from recall + AB.

Results suggest that, in addition to traditional forms of ImRs that tar-
get the meaning-relevant content of an image during ImRs, relatively simple 
techniques that focus on perceptual aspects or positive imagery might also 
yield benefits. Findings require replication and extension to clinical samples.
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Introduction
The techniques used in psychological therapies typically focus on verbal 
thought and language. However, mental imagery is an interesting focus for 
two reasons. First, emotional mental imagery plays an important role in a 
wide range of psychiatric disorders, including anxiety disorders (Hirsch & 
Holmes, 2007) and depression (Weßlau & Steil, 2014). Second, experimental 
studies have demonstrated that imagery elicits a stronger emotional response 
than verbal thought does (Holmes & Mathews, 2005; Holmes et al., 2008), 
functioning as an ‘emotional amplifier’ (Holmes, Geddes, Colom, & Goodwin, 
2008) for both positive and negative emotions. Therapeutic techniques that 
do target mental imagery include imagery rescripting (ImRs; Arntz, 2012) 
and eye movement desensitization and reprocessing (EMDR; Shapiro, 2001).

Imagery rescripting is used within several psychological therapies in-
cluding cognitive behaviour therapy and schema focused therapy. The men-
tal image that is being “rescripted” can be an aversive memory (the subject 
of this paper) whereby the problematic image-based memory is transformed 
into a more benign image (Holmes et al., 2007). Examples of ImRs for aver-
sive memories include: targeting nightmares and intrusive memories of a 
trauma event in the treatment of post-traumatic stress disorder (Grunnert, 
Smucker, Weis, & Rusch, 2003; Long, Hammons et al., 2011; Raabe, Ehring, 
Marquenie, Olff, & Kindt, 2015); intrusive memories in depression (Brewin 
et al., 2009; Wheatley et al., 2007); and feelings of contamination after child-
hood sexual abuse (Jung & Steil, 2013). In a review including over 900 partic-
ipants with various mental health problems, Arntz (2012) concludes that the 
effects of ImRs are promising.

Knowledge about the underlying mechanisms of ImRs is needed (Stopa, 
2011) and is currently the subject of speculation. The so-called “cognitive” 
hypothesis of ImRs is that it affects psychopathology by changing “key cog-
nitions” (Wheatley & Hackmann, 2011), “core beliefs” (Cooper, 2011; Oha-
nian, 2002) and “negative meanings” (Arntz, 2012) about the content of the 
memory. Imagery is also thought to offer an experiential technique to reduce 
avoidance towards material that has previously been avoided (Wheatley & 
Hackmann, 2011). Thus, by providing access to maladaptive beliefs associ-
ated with the image, such beliefs can be modified (Grunert et al., 2007). In-
deed, Long, Davis et al. (2011) found that ImRs for posttraumatic nightmares 
led to a decrease in negative trauma-related cognitions and a corresponding 
decrease in symptoms, albeit in a small sample. In this literature the term 
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‘cognition’ refers to semantics — negative meanings associated with the aver-
sive memory. Making changes to this meaning-relevant content of the mem-
ory will in this paper be referred to as ‘conceptual changes’ and ‘Conceptu-
al-ImRs’.

While the cognitive hypothesis of ImRs suggests that rescripting “must 
be closely related to the key cognitions of the patient“ (Wheatley & Hack-
mann, 2011) to be effective, evidence for the necessity of rescripting to be 
meaning-relevant is lacking. In an experimental trauma-film study in 83 
non-clinical volunteers (Hagenaars & Arntz, 2012), participants were as-
signed to a meaning-relevant ImRs condition or a positive imagery condition 
or a control condition in which a scene from the traumatic film was recalled 
and re-experienced. In the meaning-relevant ImRs condition, participants 
used ImRs to change the event in a scene into a more satisfying outcome 
and there was a clear connection to the meaning of the film memory. In the 
positive imagery condition a pleasant autobiographical memory that was un-
connected to the traumatic film was recalled. Intrusions were only reduced 
in the active conditions. However, dysfunctional trauma-related cognitions 
and distress were also more reduced in the positive imagery condition than 
in the control condition, even though the meaning-relevant content of the 
film memory was not specifically targeted.

Further doubt upon the necessity of explicitly targeting the meaning-rel-
evant content of an aversive image comes from research into the underlying 
mechanisms of EMDR, a therapy recognized as an effective treatment for 
post-traumatic stress disorder (Bisson et al., 2007). In EMDR, patients recall 
a traumatic memory whilst making horizontal eye-movements. Making eye 
movements does not target the meaning-relevant content of the memory per 
se, but it does reduce the unpleasantness and vividness of memories during 
recall (Andrade, Kavanagh, & Baddeley, 1997). Also, making eye-movements 
during recall influences how the memory is stored in long-term memory, ren-
dering subsequent recall less vivid and unpleasant as well (Leer, Engelhard, 
& van den Hout, 2014; and for a review of 16 experiments, see van den Hout 
& Engelhard, 2012). A meta-analysis of 14 clinical studies (Lee & Cuijpers, 
2013) concluded that the eye-movements component significantly adds to 
the effectiveness of EMDR. Thus, a technique that does not explicitly target 
the meaning-relevant content may also significantly contribute to the treat-
ment effect. We note that eye-movements are clearly not the only component 
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of EMDR, and other aspects may also contribute to memory effects with this 
procedure.

As an alternative to the aforementioned cognitive hypothesis of ImRs, 
the notion of mental imagery acting as ‘emotional amplifier’ (Holmes et al., 
2008) opens up the possibility that other underlying mechanisms of ImRs 
may be present; namely those capitalizing on imagery properties. The im-
pact of ImRs in changing emotional memories may be explained (at least in 
part) by directly changing perceptual aspects of the memory representation, 
and thereby producing a corresponding change in related emotions. Making 
perceptual changes to an image can involve for example changing colors in 
the image, or positions of objects. An image can also be changed into an alter-
native image, by replacing the aversive image with actively generated generic 
positive imagery (without first making an explicit semantic link to the origi-
nal image). Neither perceptual changes nor generic positive imagery have to 
explicitly focus on the original aversive image’s associated cognitions, beliefs, 
or meanings (meaning-relevant content). Possible advantages of these latter 
two types of ImRs over traditional ‘conceptual’ ImRs (in which meaning-rel-
evant content of the aversive memory is directly targeted) is that they may be 
more simple to complete and may possibly require less therapist skill. This 
may be particularly relevant for patients who appear unable to make healthy 
changes to the memory themselves (Arntz, 2011). These types of rescripting 
may also be less burdening to patients, since less focus is placed on the con-
tent of the aversive memory itself.

The aim of the current study was to test whether compared to recall 
only and Conceptual-ImRs, a simple form of ImRs, namely Perceptual-ImRs, 
can reduce the negative aspects of an aversive autobiographical memory by 
merely changing the memory’s perceptual features, without explicitly tar-
geting the meaning-relevant content. In two experiments, we investigated 
the effects of various ImRs tasks on subsequent recall of aversive autobi-
ographical image-based memories in non-clinical participants. As in labora-
tory studies of EMDR (e.g. van den Hout, Muris, Salemink, & Kindt, 2001), 
the effects on unpleasantness and vividness of aversive memories were as-
sessed. Emotionality, the degree to which recall was associated with negative 
emotions (anxiety, sadness, and helplessness) was also assessed.

In the first experiment, two active manipulations (Conceptual-ImRs 
and Perceptual-ImRs) were compared to two control conditions, namely a 
condition in which no ImRs exercise was performed during memory recall 
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(recall only; to control for exposure effects) and an active non-visual control 
condition (recall + AB; to control for non-specific effects) in which the atten-
tion is focused on the breathing (attentional breathing). Conceptual-ImRs, 
that focused on meaning-relevant content of the memory, was operational-
ized as imagining help and support in the memory. Perceptual-ImRs, that 
focused on perceptual features of the memory, was operationalized as chang-
ing colors, and positions of objects in the memory. It was hypothesized that 
both ImRs conditions would result in greater decreases in unpleasantness, 
vividness, and emotionality than recall only.

Materials and Methods Experiment 1
Participants
Forty-eight students of the University of Groningen (28 female) participated 
and were remunerated for their time. Participants were recruited via adver-
tisements on social media. The mean age was 23.9 (SD = 2.7). All students over 
the age of 18 could partake, provided they had not taken part in mindfulness 
therapy or imagery rescripting in the past. No participants were excluded. 
One participant dropped out during the training phase. An extra participant 
was included to complete the data-collection. Ethical approval was obtained 
from the University of Groningen Ethical Committee of the Psychology De-
partment (ppo-011-247). Participants provided their written informed con-
sent. No data on ethnicity or socioeconomic status were collected. Typically, 
these samples include a majority of Caucasian students.

Measures
Outcome measures
The outcome measures unpleasantness, vividness, and emotionality of the 
memory were assessed on 100 mm visual analogue scales (VAS). Participants 
rated “how unpleasant did you find the memory” on a VAS anchored at each 
end with “not at all unpleasant” to “extremely unpleasant” (e.g. Engelhard, 
van den Hout, Janssen, & van der Beek, 2010).

Participants rated “how vivid did you find the memory” on a VAS an-
chored at each end with “not at all clear” to “extremely clear” (e.g. Engelhard 
et al., 2010).

Participants rated to what degree recall of their memory was associated 
with each of three emotions; anxiety, sadness, and helplessness (from “not at 
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all,” to “extremely”). A mean emotionality score was made from these three 
ratings.

Task compliance measures
Participants rated on 100 mm VAS to what degree they performed each of 
the manipulation tasks (from “not at all” to “all the time”), with respect to 
changing colors and positions (relevant to Perceptual-ImRs), imagining help 
and support (relevant to Conceptual-ImRs), and focusing attention on their 
breathing (relevant to recall + AB), and did each of the three ratings for all 
four conditions.

Selection of aversive autobiographical memories
For the selection of four (one for each condition) aversive autobiographical 
memories, a protocol used in previous experiments (i.e. van den Hout et al., 
2011) was followed. Participants were instructed to select several events that 
made them feel fearful or sad at the time and that still had an emotional im-
pact on them during recall, such as “a farewell,” “being unprepared for an 
exam,” or “witnessing an accident.” They were asked to form a clear specific 
image of each memory and to briefly describe the image. Participants cre-
ated labels for these four memories by writing keywords on pieces of paper 
and then ranked these memories for current emotional impact (from least 
to most emotional). Based on this ranking, memories were assigned to with-
in-subject conditions, so that the current emotional impact of memories was 
counterbalanced over conditions.

Manipulation instructions
The instruction in the recall only condition was to “keep the memory in 
mind.”

The Perceptual-ImRs manipulation consisted of two instructions, 
namely to “keep the memory in mind and change the colors in the memory” 
and to “keep the memory in mind and change the positions of objects in the 
memory.” These instructions were alternated, so that during the manipula-
tion each instruction was presented twice.

The Conceptual-ImRs manipulation consisted of two instructions, 
namely to “keep the memory in mind and think of what you could say to 
yourself that would help or support you in the memory and say that to your-
self in the memory” and to “keep the memory in mind and bring a helping 
or supporting other into the memory, think of what this person could do or 
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say to help or support you and let this person do or say that in your memory.” 
These instructions were alternated, so that during the manipulation each in-
struction was presented twice.

The instruction in the recall + AB condition was to “keep the memory in 
mind and focus on your breathing.”

Task training
Before the start of the experiment, participants were familiarized with the 
experiments’ tasks (as in previous research, e.g. van den Hout et al., 2011). 
Participants could choose whether they preferred to keep their eyes open 
or closed during the training, and were instructed to consequently do so 
throughout the experiment. Participants practiced Perceptual-ImRs (chang-
ing colors and positions of objects in a memory) and Conceptual-ImRs 
(imagining help and support in a memory) on their memory of dinner the 
day before. Each manipulation task was practiced for 24 s. Participants prac-
ticed focusing their attention on their breathing (AB) using a 10 min adapta-
tion from the Dutch translation of the breathing exercise (Segal, Williams, & 
Teasdale, 2002). After the training of each task, participants were asked to 
rate their training success on a 6-point Likert-scale (0 = not at all, 1 = a little, 
2 = somewhat, 3 = reasonably, 4 = good, 5 = very good). If participants rated 
their performance with “not at all” or “a little,” they were asked to repeat the 
training and re-rate their performance accordingly.

Procedure
After the participants were given task training and had selected four aver-
sive autobiographical memories, the experimental phase began. All partici-
pants completed all four conditions (recall only, Perceptual-ImRs, Concep-
tual-ImRs, & recall + AB) of the experiment. The order of conditions was 
counterbalanced.

In each condition, assessment of the outcome measures (unpleasant-
ness, vividness, and emotionality) took place before and after the experimen-
tal manipulation. For this pre- and a post-measurement of the memory, par-
ticipants were asked to “form an image of the memory and recall this memory 
as completely and vividly as possible and please indicate when your memory 
is clear.” After participants said their memory was clear, they were asked to 
hold the memory in mind for 10 s and then fill out the outcome ratings.

The experimental manipulation (in between the pre- and post-measure-
ments) consisted of four sets of 24 s recall of the aversive memory assigned 
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to that condition, separated by 10 s pause during which participants were 
instructed to “concentrate on something else.” Participants rated task com-
pliance measures of every manipulation task after each condition.

Participants were free to choose whether they preferred to close their 
eyes during the AB training and recall of memories or to keep their eyes 
open, but were instructed to remain consistent in doing so throughout the 
experiment.

Design and analyses
A 2 (Time; pre- vs post-measurement) x 4 (Condition; recall only vs Perceptu-
al-ImRs vs Conceptual-ImRs vs recall + AB) within-subject design was used. 
The outcome measures were analyzed with 2 (Time; pre- vs post-measure-
ment) x 4 (Condition; recall only vs Perceptual-ImRs vs Conceptual-ImRs vs 
recall + AB) repeated-measures ANOVAs. All analyses were two-tailed.

Results Experiment 1
Effects on unpleasantness, vividness, and emotionality
The difference scores of unpleasantness, vividness, and emotionality are de-
picted in Figure 2.1, pre- and post-scores can be found in Table 2.1. Except for 
one unusually large decrease in emotionality in the Perceptual-ImRs condi-
tion (z = -4.14; removing this outlier from the analyses did not significantly 
impact the results), there were no outliers (−3.29 < z < 3.29) in pre-, post-, or 
difference scores.

For unpleasantness, there was no significant main effect of Condition 
(F(3,141) = 0.38, p = .77, ηp

2 = .01). The main effect of Time (F(1,47) = 10.14, p < .01, 

Table 2.1
Means (SD) of unpleasantness, vividness, and emotionality of the aversive au-
tobiographical memory at pre- and post-measurement (in mm) per condition

Unpleasantness Vividness Emotionality

Condition Pre Post Pre Post Pre Post

Recall only 53 (24) 54 (24) 66 (22) 66 (22) 54 (26) 47 (27)

Perceptual-ImRs 55 (25) 47 (27) 72 (19) 70 (18) 50 (24) 36 (26)

Conceptual-ImRs 57 (22) 50 (24) 68 (20) 72 (16) 46 (25) 42 (26)

Recall + AB 56 (22) 53 (24) 69 (23) 64 (20) 54 (24) 44 (26)

Note. ImRs = Imagery rescripting, AB = Attentional breathing.
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ηp
2 = .18) was significant, showing that overall, unpleasantness of memories 

decreased. Critically, the Condition x Time interaction (F(3,141) = 3.10, p = .03, 
ηp

2 = .06) was significant. Paired t-tests revealed that relative to the recall 
only condition, the reductions in unpleasantness were significantly greater 
in both the Perceptual-ImRs (t(47) = 2.81, p < .01, d = 0.41) and Conceptual-
ImRs (t(47) = 2.18, p = .03, d = 0.31) conditions. There was no significant 
difference in unpleasantness reduction between the Perceptual-ImRs and 
the Conceptual-ImRs conditions (t(47) = 0.38, p = .71, d = 0.05). Reductions 
in unpleasantness in the recall + AB condition did not differ significantly 
from those in the recall only (t(47) = 1.32, p = .19, d = 0.19), nor Perceptual-
ImRs (t(47) = 1.43, p = .16, d = 0.21), nor Conceptual-ImRs (t(47) = 1.09, p = .28, 
d = 0.16) conditions.

For vividness, there was no significant main effect of Condition 
(F(3,141) = 1.04, p = .38, ηp

2 = .02) nor Time (F(1,47) = 0.16, p = .69, ηp
2 < .01). 

Figure 2.1.
Changes in unpleasantness, vividness, and emotionality scores for the aversive 
autobiographical memory per condition (in mm; post-measurement – pre-mea-
surement; positive scores indicate increases). Bars represent standard errors of 
the mean. ImRs = Imagery rescripting, AB = Attentional breathing.
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The Condition x Time interaction was not significant (F(3,141) = 2.17, p = .10, 
ηp

2 = .04).
For emotionality, there was no significant main effect of Condition 

(F(3,141) = 2.21, p = .09, ηp
2 = .04). The effect of Time (F(1,47) = 28.69, p < .01, 

ηp
2 = .38) was significant, showing an overall decrease of emotionality scores. 

The critical Condition x Time interaction (F(3,141) = 6.01, p < .01, ηp
2 = .11) was 

also significant. Compared to recall only, greater reductions in emotionality 
were found in the Perceptual-ImRs condition (t(47) = 3.10, p < .01, d = 0.45), 
but not in the Conceptual-ImRs condition (t(47) = 0.07, p = .95, d = 0.01). The 
change in emotionality scores in the Perceptual-ImRs condition was signifi-
cantly larger than the change in the Conceptual-ImRs condition (t(47) = 3.29, 
p < .01, d = 0.47). The decrease in emotionality in the Perceptual-ImRs condi-
tion was not significantly greater than in the active control condition recall 
+ AB (t(47) = 1.34, p = .19, d = 0.19). The decrease in the recall + AB condition, 
in turn, was greater than in the recall only (t(47) = 2.51, p < .01, d = 0.36) and 
Conceptual-ImRs (t(47) = 2.33, p = .02, d = 0.34) conditions.

Whether participants kept their eyes open (n = 18) or closed (n = 30) did 
not significantly moderate effects of Time or the interaction between Con-
dition and Time for unpleasantness, vividness, or emotionality (all ps > .05).

Task compliance
Table 2.2 shows task compliance scores per manipulation for each condition. 
Task compliance was analyzed with separate ANOVAs for the three manip-
ulation tasks. As expected, for the Perceptual-ImRs task (F(3,141) = 255.18, 

Table 2.2
Means (SD) of task compliance measures per condition (in mm). Condition-rel-
evant task compliance ratings are in bold

Task Changing 
colors/positions

Imagining 
help/support

AB

Condition Mean (SD) Mean (SD) Mean (SD)

Recall only 9  (15) 22 (28) 33 (31)

Perceptual-ImRs 73 (19) 11 (21) 27 (27)

Conceptual-ImRs 5  (8) 75 (16) 29 (28)

Recall + AB 7  (15) 14 (23) 79 (16)

Note. ImRs = Imagery rescripting. AB = Attentional breathing.
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p < .001, ηp
2 = .84), Conceptual-ImRs task (F(3,141) = 124.89, p < .001, ηp

2 = .73), 
and AB task (F(3,141) = 64.56, p < .001, ηp

2 = .58), the differences between con-
ditions were significant with highest task compliance ratings for the condi-
tion-relevant measure. Ratings of condition-relevant tasks were compared 
and there were no significant differences (F(2,94) = 2.41, p = .10, ηp

2 = .05).

Discussion Experiment 1
As hypothesized, both ImRs manipulations — Perceptual-ImRs and Concep-
tual-ImRs — resulted in significantly greater reductions in unpleasantness of 
the aversive memory than did recall only. For emotionality, Perceptual-ImRs 
— and not Conceptual-ImRs — showed a greater reduction in scores than re-
call only. For vividness, however, there was no significant difference between 
conditions. The results suggest that simply making perceptual changes to an 
aversive autobiographical memory, without explicitly targeting the mean-
ing-relevant content, may be effective in terms of changing unpleasantness 
and emotionality of the memory.

Compared to the active non-visual control condition (recall + AB), ImRs 
manipulations did not result in significant decreases in unpleasantness, viv-
idness, or emotionality. Furthermore, recall + AB did result in decreases in 
emotionality, compared to recall only. Based on these findings, non-specif-
ic factors may not be ruled out in understanding (part of ) the effectiveness 
of imagery rescripting. If distraction plays a role here in emotion regulation 
(Sheppes et al., 2014), then it is possible that the active control condition also 
served as a distractor. Further, the working memory hypothesis holds that 
performing any working memory taxing task (Engelhard et al., 2010) during 
recall of an aversive memory reduces the resources available for this memo-
ry, rendering recall less unpleasant and vivid and modifying subsequent re-
call. If ImRs also taxes working memory (Hagenaars & Arntz, 2012), a WM 
hypothesis may also apply to ImRs. An investigation of these possible work-
ing mechanisms of ImRs is beyond the scope of this paper. Future studies 
may seek to examine the role of specific factors in the effectiveness of imag-
ery rescripting versus non-specific factors, such as attentional deployment 
or WM taxing.

Interestingly and unexpectedly, the reductions in emotionality in the 
Perceptual-ImRs condition were significantly greater than those in the 
Conceptual-ImRs condition. These results were unexpected and require 
replication and further examination. In experimental trauma-film studies 
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manipulating the valence of a secondary task during recall, it was found 
that processing positively valenced material had a greater impact in terms 
of detail (Tsai & McNally, 2014), and emotional distress (Tadmor, McNally, & 
Engelhard, 2016). Possibly, Perceptual-ImRs was a more positively valenced 
task than Conceptual-ImRs. We note that in some other forms of ImRs cur-
rently used in therapeutic practice patients do not start with an aversive 
memory but, rather, use their imagination to create positive (adaptive) imag-
es de novo (Holmes et al., 2007). It has been argued that increasing positive 
imagery (Blackwell et al., 2013) and positive emotions may be particularly 
fruitful in depression (Dunn, 2012; Holmes, Lang, Moulds, & Steele, 2008; 
Morina, Deeprose, Pusowski, Schmid, & Holmes, 2011). However, an effect 
of a generic positive ImRs condition on aversive autobiographical memories 
may be subject to dispute. While indicated by previous experimental find-
ings (Tadmor et al., 2016; Tsai & McNally, 2014), it stands in contrast to what 
is predicted by the current cognitive hypothesis of ImRs, which states that 
“simply asking the patient to imagine some fantastical outcome that could 
never have happened will not be helpful unless the imagery transformation 
challenges the toxic meaning of the original memory” (Wheatley & Hack-
mann, 2011, p. 445).

In the second experiment, using a similar within-subjects design, we 
attempted to replicate the effects of Perceptual-ImRs and Conceptual-ImRs 
versus a recall only control condition. Critically, a positively valenced ImRs 
condition (Positive-ImRs) was added that focused on actively generating 
generic (not conceptually or perceptually related to the meaning-relevant 
content of the aversive autobiographical memory) positive mental imagery 
during recall. In this experiment, to minimize differences between condi-
tions in terms of difficulty of the ImRs-tasks, participants prepared the 
changes for all ImRs-tasks before the start of the experiment using labels 
with keywords (colors for Perceptual-ImRs vs helping others for Conceptu-
al-ImRs vs a fantasy image for Positive-ImRs). We included vividness based 
on previous studies, but did not formulate a specific hypothesis because of 
the null finding on vividness in Experiment 1. It was hypothesized that each 
of the ImRs conditions (Conceptual, Perceptual, and Positive) would result 
in greater decreases in unpleasantness and emotionality than recall only.
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Materials and Methods Experiment 2
Participants
Forty-eight students (27 female) participated in exchange for remuneration 
or course-credits. Participants were recruited via posters and the Universi-
ty’s course-credit system. The mean age was 21.7 (SD = 2.3). All students over 
the age of 18 could partake; no participants were excluded. Ethical approv-
al was obtained from the University of Groningen Ethical Committee of the 
Psychology Department (12220-N). Participants provided their written in-
formed consent. No data on ethnicity or socioeconomic status were collect-
ed. Typically, these samples include a majority of Caucasian students.

Measures
Outcome measures
Identical to Experiment 1.

Task compliance measures
Participants rated on 100 mm VAS (ranging from “not at all” to “all the time”) 
in every condition to what degree they performed each of the ImRs tasks, 
changing colors (Perceptual-ImRs), imagining help and support (Conceptu-
al-ImRs), and changing the memory into a fantasy image (Positive-ImRs).

Selection of aversive autobiographical memories
Identical to Experiment 1.

Manipulation instructions
To prepare participants for the ImRs tasks, they were instructed to create 
two labels for each ImRs condition (one for the training phase, and one for 
the experimental phase).

In the Perceptual-ImRs condition, the instruction for the labels was 
to “name three colors.” The Perceptual-ImRs manipulation consisted of 
the instruction to “keep the memory in mind and change the colors in the 
memory.”

In the Conceptual-ImRs condition, the instruction for the labels was to 
“name a person who supports you and is there for you. Someone you trust.” 
The Conceptual-ImRs manipulation consisted of the instruction to “keep the 
memory in mind and bring the helping or supporting other into the memory. 
Let this person help or support you in your memory.”
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In the Positive-ImRs condition, the instruction for the labels was: “Name 
a fantasy image. This is a place where you would like to be very much and 
where you feel completely happy. This can be, but does not have to be, a real 
place.” The Positive-ImRs manipulation consisted of the instruction to “keep 
the memory in mind and change it into your fantasy image; make the fantasy 
image as positive as possible.”

The instruction in the recall only condition was to “keep the memory in 
mind.”

Task training
The task training was very similar to Experiment 1, but in Experiment 2 par-
ticipants practiced Perceptual-ImRs, Conceptual-ImRs, and Positive-ImRs. 
Training success was again rated for each task (changing colors for Percep-
tual-ImRs, having someone else help/support you for Conceptual-ImRs, and 
changing the memory into a fantasy image for Positive-ImRs using a 6-point 
Likert-scale (0 = not at all, 1 = a little, 2 = somewhat, 3 = reasonably, 4 = good, 
5 = very good)).

Procedure
The only difference in the procedure was that, in line with earlier studies 
(e.g. van den Hout et al., 2011) the manipulation in the experimental phase 
consisted of three times 24 s recall (as opposed to four times 24 s in Experi-
ment 1).

Design and analyses
A 2 (Time; pre- vs post-measurement) x 4 (Condition; recall only vs Perceptu-
al-ImRs vs Conceptual-ImRs vs Positive-ImRs) within-subjects design was 
used. The changes in unpleasantness, vividness, and emotionality were ana-
lyzed with 2 (Time; pre- vs post-measurement) x 4 (Condition; recall only vs 
Perceptual-ImRs vs Conceptual-ImRs vs Positive-ImRs) repeated-measures 
ANOVAs. All analyses were two-tailed.

Results Experiment 2
Effects on unpleasantness, vividness, and emotionality
Pre- and post-measurements of unpleasantness, vividness, and emotionality 
per condition can be seen in Table 2.3, and the change scores are depicted in 
Figure 2.2. Replacing the two outliers (−3.29 < z < 3.29) in pre-scores to deviate 
3.29 SD from the mean did not significantly impact the results.
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For unpleasantness, there was no significant main effect of Condi-
tion (F(3,141) = 0.77, p = .51, ηp

2 = .02). The effect of Time (F(1,47) = 16.77, 
p <  .001, ηp

2 =  .26) was significant, showing an overall reduction in unpleas-
antness of memories over time. However, the Condition x Time interaction 
(F(3,141) = 1.48, p = .22, ηp

2 = .03) was not significant.
For vividness, there was an unexpected significant main effect of Con-

dition (F(3,141) = 2.84, p = .04, ηp
2 = .06). Paired-samples t-test show that 

overall vividness scores were lower in the Perceptual-ImRs condition than 
in the Conceptual-ImRs (t(47) = 2.55, p = .01, d = 0.37) and Positive-ImRs 
(t(47) = 2.14, p = .04, d = 0.31) conditions. There was no significant difference 
between conditions at pre-measurement (F(3,141) = 2.18, p = .09, ηp

2 = .04). A 
significant main effect of Time (F(1,47) = 8.23, p < .01, ηp

2 = .15) indicates an 
overall decrease of vividness scores. However, the non-significant Condition 
x Time interaction (F(3,141) = 2.06, p = .11, ηp

2 = .04) demonstrates no differ-
ence in decrease of vividness scores between conditions.

For emotionality, there was no significant main effect of Condition 
(F(3,141) = 1.52, p = .21, ηp

2 = .03). The effect of Time (F(1,47) = 19.67, p < .001, 
ηp

2 = .30) was again significant, showing an overall decrease of emotional-
ity scores. The assumption of sphericity for the Condition x Time interac-
tion was violated (η2(5) = 21.9, p  <  .01). Using the Huynh-Feldt estimates of 
sphericity (η  =  .83), degrees of freedom were corrected. As predicted, and 
in line with earlier results, the critical interaction-effect was significant 
(F(2.50,117.45) = 2.97, p = .04, ηp

2 = .06). Compared to recall only, emotionality 
scores were reduced significantly more in the Perceptual-ImRs (t(47) = 2.46, 

Table 2.3
Means (SD) of unpleasantness, vividness, and emotionality of the memory at 
pre- and post-measurement (in mm) per condition

Unpleasantness Vividness Emotionality

Condition Pre Post Pre Post Pre Post

Recall only 64 (22) 59 (21) 68 (22) 70 (20) 50 (19) 48 (18)

Perceptual-ImRs 58 (22) 55 (25) 69 (22) 62 (22) 49 (22) 40 (22)

Conceptual-ImRs 63 (21) 54 (21) 76 (13) 72 (15) 51 (21) 45 (21)

Positive-ImRs 65 (19) 56 (23) 74 (16) 69 (19) 50 (19) 41 (22)

Note. ImRs = Imagery rescripting.
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p = .02, d  = 0.36), Conceptual-ImRs (t(47) = 2.12, p = .04, d = 0.31), and the 
Positive-ImRs (t(47) = 2.99, p < .01, d = 0.43) conditions. The reductions in the 
three ImRs conditions did not differ significantly from each other (ts(47) < 1). 
Specifically, we tested the difference between Conceptual-ImRs and Percep-
tual-ImRs (given our findings in Experiment 1), and the results showed no 
significant difference (t(47) = 0.23, p = .81, d = 0.03).

Finally, whether participants kept their eyes open (n = 33) or closed 
(n = 15) did not interact significantly with effects of Time or the interaction 
between Condition and Time for any of the outcome measures (all ps > .05).

Task compliance
Task compliance rates (Table 2.4) show the expected pattern, and were an-
alyzed with separate ANOVAs per task (recall only vs Perceptual-ImRs vs 
Conceptual-ImRs vs Positive-ImRs). Huynh-Feldt correction of degrees of 
freedom was used because the assumption of sphericity was violated for the 

Figure 2.2.
Changes in unpleasantness, vividness, and emotionality scores per condition (in 
mm; post-measurement – pre-measurement; positive scores indicate increas-
es). Bars represent standard error of the mean. ImRs = Imagery rescripting.
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Perceptual-ImRs task (χ2 (5) = 68.9, p < .001; ɛ  = .61) and the Positive-ImRs task 
(χ2(5) = 16.6, p < .01; ɛ = .84). There were significant differences between con-
ditions for the Perceptual-ImRs (F(1.83,86.14) = 184.19, p < .001, ηp

2 = .80), 
Conceptual-ImRs (F(3,141) = 130.56, p < .001, ηp

2 = .74), and Positive-ImRs 
(F(2.52,118.37) = 138.80, p < .001, ηp

2 = .75) tasks, with highest compliance rat-
ings for the condition-relevant tasks. The compliance to condition-relevant 
tasks was compared (correcting degrees of freedom with Huynh-Feldt ɛ = .87, 
as the assumption of sphericity was violated χ2(2) = 9.5, p < .01) and there was 
no significant difference (F(1.74,81.80) = 2.97, p = .06, ηp

2 = .06). Thus, all task 
compliance scores showed the expected manipulation.

Discussion Experiment 2
As hypothesized, Conceptual-ImRs, Perceptual-ImRs, and Positive-ImRs 
all resulted in greater decreases in emotionality than recall only. For vivid-
ness, there was an overall decrease in vividness scores over time. However, 
reductions in vividness were not significantly different between conditions; 
the crucial interaction effect was not significant, as in Experiment 1. Vivid-
ness scores in the Perceptual-ImRs condition were lower overall, which may 
have reduced possible change in this condition (floor effect). At pre-mea-
surement, however, there was no significant difference between conditions. 
Possibly, including three active conditions in the analyses may have obscured 
small differential effects on vividness.

The effects on unpleasantness and the unexpected finding of superiori-
ty of Perceptual-ImRs over Conceptual-ImRs on emotionality in Experiment 
1 were not replicated in Experiment 2. Experiment 1 and 2 had highly similar 

Table 2.4
Means (SD) of task compliance measures per condition (in mm)

Condition Changing colors
Imagining 

help/support
Changing into 
fantastic image

Recall only 7 (13) 20 (29) 9 (17)

Perceptual-ImRs 73 (22) 8 (17) 6 (15)

Conceptual-ImRs 7 (11) 82 (20) 12 (23)

Positive-ImRs 14 (24) 16 (25) 77 (25)

Note. Condition-relevant task ratings are in boldface.
ImRs = Imagery rescripting.
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designs and procedures, which renders it unlikely that the minor changes in 
the procedure explain discrepancies in the results. These disparities do not 
necessarily reflect significant differences between the experiments and may 
merely represent chance findings. The finding that was consistent across 
both studies, reduction of emotionality to Perceptual-ImRs, appears more 
robust. Nevertheless is it important to acknowledge those findings that did 
not replicate. Future studies may seek to replicate the intriguing superiority 
of specific ImRs tasks.

General Discussion
A cognitive hypothesis of ImRs suggests that it is necessary to target the 
meaning-relevant content of an image for ImRs to be successful (Wheatley 
& Hackmann, 2011, p. 445). This seems at odds with the findings in these 
studies that Perceptual-ImRs and Positive-ImRs also resulted in beneficial 
effects. In Experiment 1, compared to recall only, Conceptual-ImRs and Per-
ceptual-ImRs both resulted in greater decreases in unpleasantness of mem-
ories. Further, Perceptual-ImRs — but not Conceptual-ImRs — resulted in 
greater decreases in memory-associated emotionality than recall only. In Ex-
periment 2, Conceptual-ImRs, Perceptual-ImRs, and Positive-ImRs result-
ed in greater decreases in memory-associated emotionality than recall only. 
This is consistent with our alternative hypothesis that simply focusing on 
perceptual features of an aversive memory may also affect the memory and 
associated emotions.

Reductions in unpleasantness and emotionality did not co-occur with 
significant effects on vividness in either Experiment 1 or 2. This corresponds 
to the findings of Tadmor et al. (2016), that a positively valenced concurrent 
task affected emotional distress, but not vividness, using a trauma-film par-
adigm. Tadmor et al. (2016) propose that evoking positive emotions during 
recall may specifically counteract the negative emotionality of an unpleas-
ant memory, without affecting its vividness. Both Perceptual-ImRs and Posi-
tive-ImRs seem to be creative, entertaining, and inherently positive tasks that 
bring about positive emotions. Interestingly, these positive emotions may 
defy the meaning-relevant content of the image indirectly, for example by 
providing corrective valence-incongruent information (Foa & Kozak, 1986). 
Also, such a positive experience of recall may defy meta-cognitive apprais-
als patients may have about their images, such as “having this image means 
I’m going crazy” or “having this image means I will lose control.” Thus, the 
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beneficial effects of both Perceptual-ImRs and Positive-ImRs may still be 
accounted for by a (albeit modified or meta-) cognitive hypothesis of ImRs. 
Perceptual-ImRs and Positive-ImRs may offer positive experiences of recall 
that defy the original aversive image’s associated cognitions, beliefs, or mean-
ings (meaning-relevant content), although they do not verbally discuss them 
directly. Future studies should seek to test this.

The null-finding on vividness stands in contrast, however, to previous 
findings with concurrent tasks during recall. Usually these concurrent tasks 
directly affect vividness, but not unpleasantness (Leer et al., 2014). Also, a 
time-course study suggests that concurrent tasks first impact vividness, 
which in turn renders the emotional memory less unpleasant (Smeets, Dijs, 
Pervan, Engelhard, & van den Hout, 2012). There may be mechanisms at 
work differentially targeting vividness and emotionality while performing 
concurrent tasks during recall. Based on the present data this matter remains 
speculative. It has been observed that it may be a matter of power that effects 
of performing a concurrent task during recall often only manifest on either 
unpleasantness or vividness (van den Hout et al., 2011).

Limitations and future directions
The current experiments investigated the effects on aversive memories in a 
non-clinical sample of young adults. Participants in the current study were 
free to choose anxious or sad memories, as in previous studies investigat-
ing the effects of therapeutic techniques on aversive memories (e.g. van den 
Hout et al., 2011). The aversive autobiographical memories chosen by par-
ticipants, such as the death of a grandparent, an argument with a friend, or 
witnessing an accident, were not necessarily intrusive (i.e. did not come to 
mind involuntarily) and not extremely unpleasant (mean pre-measurement 
around 60 mm on a 100 mm VAS). This limits the possible change, and thus 
the sensitivity of the measure. However, the range of unpleasantness was 
well within the range of earlier studies in analogue groups (e.g. van den Hout, 
Engelhard, Rijkeboer et al., 2011). It also limits the generalizability to other 
types of images in clinical samples. Therefore, replication studies in patient 
samples are warranted. In these clinical samples, the tolerability and feasibil-
ity of different ImRs techniques should be assessed.

The effects of ImRs tasks may be moderated by image characteristics. 
For example, they may be different for traumatic memories, as some re-
searchers claim that traumatic memories differ qualitatively from normal 
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aversive memories (e.g. Brewin, Dalgleish, & Joseph, 1996), although others 
also suggest that they are on a continuum (Holmes, 2003; Rubin, Berntsen, & 
Bohni, 2008). Further, it has been suggested that ImRs, compared to imaginal 
exposure, may be especially suited for targeting non-fear emotions (Arntz, 
Tiesema, & Kindt, 2007; Grunert et al., 2007), although recent experimental 
studies found no differential effects (Dibbets & Arntz, 2015; Seebauer, Froß, 
Dubaschny, Schönberger, & Jacob, 2014). Additional analyses in this study 
revealed that the relative (to anxious) sadness of the memory (at pre-mea-
surement) did not moderate the results in Experiment 1 or 2 (all ps > .05). 
This is in line with findings that ImRs may be effective in targeting a wide 
range of mental images (Arntz, 2012). Exploring potential moderators of ef-
fect for different ImRs techniques in future research may inform tailoring 
of diverse ImRs techniques to individual needs and memory characteristics 
(Arntz, 2012).

Furthermore, the within-subjects design used in this study poses the re-
striction that results are limited to effects on unpleasantness, vividness, and 
emotionality of memories, whereas ImRs aims to target more aspects of psy-
chopathology. The question remains how these short-term effects on labora-
tory measures translate to long-term effects on images and psychopathology 
in patients’ daily life. A between-subjects design would allow for follow-up 
measurements or time series of the imagery and associated emotions and 
cognitions, as well as targets of ImRs, such as frequency and quality of intru-
sions, symptom levels of post-traumatic stress disorder and depression. This 
could elucidate the dynamics between these variables over time and give in-
sight into if and how ImRs might attenuate these dynamics.

Finally, generalizability of the effects of the ImRs instructions in this ex-
periment to the therapeutic intervention of ImRs as clinically practiced is 
limited. The ImRs instructions in this study were concise and restrictive to 
produce reliable manipulation of the memories, but there are clearly many 
different ways to alter an image. Having participants describe afterwards 
how they rescripted their memories would have given an extra manipula-
tion check to ensure that participants did change meaning-relevant content 
in the Conceptual-ImRs condition and did not do so in the Perceptual-ImRs 
and Positive-ImRs conditions. In future research, these descriptions could 
be used for dose-response analyses and also provide insightful additional 
qualitative information.
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In conclusion, this study provides preliminary evidence that ImRs can 
be effective (at least on unpleasantness and emotionality) without specifical-
ly or explicitly targeting meaning-relevant content, but by simply targeting 
perceptual features or generating positive imagery. If extended to patient 
samples, this may be a fruitful avenue towards developing more simple and 
more tolerable ImRs techniques.
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Abstract
Mindfulness-based cognitive therapy (MBCT) was designed for preventing 
relapse in depression. To (partly) explain its effectiveness, van den Hout et al. 
(2011) presented and tested a working memory (WM) hypothesis of MBCT. 
It was hypothesized that MBCT’s attentional breathing taxes WM and that 
performing attentional breathing during recall (recall + AB) decreases vivid-
ness and unpleasantness of an aversive memory. Although the WM-taxing 
properties of attentional breathing have been confirmed in two experiments, 
the effects of recall + AB on memories in the experiments were inconsistent.

In this replication experiment, 52 participants rated their aversive mem-
ories before and after recall only and recall + AB. There were no significant 
differences between conditions. Bayesian analyses on all experiments to date 
suggest recall + AB reduces vividness and unpleasantness, but with small ef-
fect sizes. Possible explanations for the small effect sizes are limited manipu-
lation of attentional breathing or a modality-specific WM mechanism.
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Introduction
Mindfulness-based cognitive therapy (MBCT; Segal et al., 2002) is effective 
in preventing relapse in depression (Kuyken et al., 2016). Understanding the 
underlying mechanism of MBCT may contribute to its efficiency and ef-
fectiveness (Kuyken et al., 2015; van der Velden et al., 2015). The theoreti-
cal underpinnings of MBCT state that mindfulness may serve to disrupt the 
reciprocal relationship between low mood and dysfunctional thinking pat-
terns (i.e. cognitive and emotional reactivity) in depressive relapse (Segal 
et al., 2002). In MBCT, patients practice mindfulness skills to be aware of 
the present moment and approach any negative thoughts and emotions in a 
non-judgmental, non-reactive manner. In this way, mindfulness may help to 
reduce ruminative elaboration of negative thoughts. The training thus aims 
to prevent the downward cycle of activation of low mood and dysfunctional 
thinking patterns. One element that is used to break down such downward 
cycles is the breathing space, in which patients are instructed to focus their 
attention on the sensations of breathing (as well as other body sensations), 
to acceptingly acknowledge anything that makes their mind wander, and to 
resume their attentional breathing. Patients are instructed to practice the 
breathing exercise regularly and to apply it when they become aware of neg-
ative mood or thoughts (Segal et al., 2002).

Although there are theoretical reasons and empirical support for the 
idea that mindfulness can reduce ruminative elaboration (Gu, Strauss, Bond, 
& Cavanagh, 2015; van der Velden et al., 2015), there is little known about 
the actual mechanisms through which it may have these effects. Recently, 
van den Hout et al. (2011) proposed a working memory (WM) model for the 
effects of MBCT. Specifically, the model notes that WM resources are limit-
ed and proposes that engaging in attentional breathing taxes WM, thereby 
limiting resources for additional processing of negative thoughts or images. 
This idea is similar to that proposed by Gunter and Bodner (2008), who had 
noted that in MBCT, patients recall negative images or thoughts while exe-
cuting another task (attentional breathing). Thus, a WM model may hold for 
attentional breathing in MBCT which, according to the developers of MBCT, 
“takes up limited resources in channels of information processing” (Segal et 
al., 2002, p. 40–41).

Other clinical interventions have been proposed to work through tax-
ing WM resources (Andrade et al., 1997). For example, in eye movement 
desensitization and reprocessing (EMDR; Shapiro, 2001), a treatment for 
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post-traumatic stress disorder, patients are asked to recollect a traumatic 
memory while concurrently making eye movements. Research has shown 
that making eye movements (the characteristic ingredient of EMDR) taxes 
WM, which results in less vivid and unpleasant recall. Furthermore, this rec-
ollection of the event is stored in long-term memory, reducing the vividness 
and unpleasantness of subsequent recall. In addition to eye movements, oth-
er tasks that use WM resources have also been shown to reduce vividness 
and unpleasantness of recalled memories (for an overview, see van den Hout 
& Engelhard, 2012). These findings suggest that mindfulness exercises that 
tax WM may similarly moderate the aversive effects of negative thoughts 
and images.

This perspective differs from the original rationale of MBCT, which 
proposes that attentional breathing will reduce the resources available for 
ruminative elaboration of initial negative thoughts (Segal, Teasdale, & Wil-
liams, 2004). In contrast, the current WM model proposes that mindfulness 
exercises that tax WM may change the quality of the initial negative thought 
or image such that it is less vivid and less unpleasant. From the MBCT mod-
el, ruminative elaboration should be less likely because there is less atten-
tion available to process the negative thought (and the thought is held with 
a nonjudgmental attitude) whereas in the WM model, ruminative elabora-
tion should be less likely because the initial negative though or image gets 
blurred.

To test a WM model as (partial) explanation for the effects of MBCT, 
van den Hout et al. (2011) examined whether attentional breathing taxes 
working memory, and whether performing attentional breathing during re-
call of an aversive memory renders future recall less vivid and unpleasant. 
These hypotheses were examined in two separate two-part within-subjects 
experiments. The results of the first part of the studies indicated that in both 
studies attentional breathing taxed WM to a similar extent as eye move-
ments, as evidenced by slowing down on simple reaction times tasks when 
simultaneously performing attentional breathing compared to a no dual task 
(reaction times task only) control condition. Thus, attentional breathing is 
a WM taxing task and consequently recall + AB during recall of an aversive 
autobiographical memory should render subsequent recall less vivid and un-
pleasant, according to the WM model.

The effects of attentional breathing on future recall were examined in the 
second part of the studies. Participants rated vividness and unpleasantness 
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of a memory before and after a manipulation phase in which recall of the 
memory was paired with either performing attentional breathing (recall + 
AB), eye movements (recall + EM), or no dual-task (recall only). The findings 
provided equivocal support for the WM model, with attentional breathing 
leading to reduced unpleasantness (but not vividness) in Study 1 and reduced 
vividness (but not unpleasantness) in Study 2. To the best of our knowledge, 
only one other study has investigated the effects of recall + AB on aversive 
autobiographical memories (Slofstra, Nauta, Holmes, & Bockting, 2016). This 
study did not find statistically significant effects of attentional breathing on 
either unpleasantness or vividness. An overview of these three previous 
studies is presented in Table 3.1. As can be seen, only two out of six outcome 
measures show significant results with effect sizes of d = 0.28 and d = 0.42 
(reflecting the difference in change scores between the recall + AB and recall 
only conditions). These effect sizes seem small compared to the robust effect 
sizes found for recall + EM (averaging around d = 0.74; reflecting the differ-
ence between the recall + EM condition and a control condition at post-mea-
surement; Lee & Cuijpers, 2013). An additional point to consider in inter-
preting the results of previous studies is that van den Hout et al. (2011) used 
one-tailed testing, which may have increased the risk of falsely rejecting the 
null hypothesis.

The non-significant findings and small effect sizes for attentional breath-
ing in these three studies is somewhat surprising, considering (i) that atten-
tional breathing taxes working memory (2011), and (ii) the previous findings 
demonstrating rather robust effects of any WM taxing task on vividness and 
unpleasantness in subsequent recall (Lee & Cuijpers, 2013; van den Hout & 
Engelhard, 2012). Insufficient power has been proposed as a potential reason 

Table 3.1
Cohen’s d effect sizes for the reduction in vividness and unpleasantness for re-
call + AB compared to recall only of experiments to date

Experiment N Vividness Unpleasantness

Van den Hout et al. (2011) Exp. 1 36 0.15 0.42*

Van den Hout et al. (2011) Exp. 2 34 0.28* 0.04

Slofstra et al. (2016) 48 0.17 0.15

Note. Exp. = Experiment.
* p < .05 (one-tailed).
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for the non-significant findings (2011). However, retrospective power analy-
ses show that all three previous experiments were amply powered to detect 
at least an expected medium effect size of d = 0.50 (power > .90, paired t-test 
on change scores, one-tailed, alpha = .05), a conservative estimation of the 
effect size relative to previous findings for recall + EM (e.g. Lee & Cuijpers, 
2013). Insufficient power may explain these non-significant findings only if 
the effect for recall + AB is smaller than the effect for recall + EM. However, 
smaller effect sizes would be inconsistent with a WM model explaining the 
effects of MBCT. Another potential reason for the inconsistent findings is 
that previous research has used several WM taxing instruction in the with-
in-subject designs. For example, in addition to practicing recall + AB, sub-
jects have also practiced recall + EM (2011) and Recall + Imagery Rescripting 
(Slofstra et al., 2016). If participants applied the techniques from the other 
conditions in the recall only or in the recall + AB condition, or if they became 
fatigued or confused, this could have diluted the possible effects of recall + 
AB.

The current study was designed to provide greater internal validity in 
examining the effects of recall + AB on vividness and unpleasantness of aver-
sive autobiographical memories. The method of this replication study was 
based on the second part of Study 2 of van den Hout et al. (2011) with the 
difference that the recall + EM condition was omitted. Thus, only two con-
ditions – recall only and recall + AB – were used. The study had .90 power 
to detect an effect size of d = 0.40. This expected effect size was based on 
the largest effect size found in the studies to date, taking into account that 
larger effects of recall + EM were found in previous studies, and that small-
er effect sizes for attentional breathing would not be consistent with a WM 
model of MBCT. Further, two-tailed testing was used to reduce the risk of a 
Type I error. Otherwise, analyses of the results resembled van den Hout et al. 
(2011). Note that paired t-tests on change scores are statistically equivalent to 
testing the interaction between Time (with two time points) and Condition 
(with two within-subject conditions) in a repeated measures within subjects 
ANOVA.

In addition to examining the data collected in the current study, these 
data were also pooled with the previous three experiments listed above, to 
evaluate whether the combined results of the four studies support the infor-
mative hypothesis that recall + AB results in greater changes of vividness and 
unpleasantness than recall only. Bayesian analyses are particularly suited for 
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combining the results of several studies that have focused on the same hy-
pothesis. Using Bayesian statistics, the support for the informative hypoth-
esis was compared to the support for the null hypothesis, which states that 
there is no difference between recall only and recall + AB (i.e. discarding the 
informative hypothesis; Verhagen & Wagenmakers, 2014). Finally, the mag-
nitude of effect was evaluated using analyses of the effect sizes from all ex-
periments (Simonsohn, 2015). Thus, this study aims to critically evaluate a 
WM model of attentional breathing as a working mechanism (partially) ex-
plaining the effects of MBCT.

Method
For this experiment, all measures, conditions, and data exclusions were re-
ported, as well as the sample size determination.

Participants
A sample size of 52 was based on a a-priori power analysis (power = .90, 
paired t-test on change scores, two-tailed, alpha = .05, d = 0.40). Fifty-two 
students participated in exchange for study credits or payment (mean age 
20.2 (SD = 2.1), 38 females). No participants were excluded. Ethical approv-
al was obtained from the University of Groningen Ethical Committee of the 
Psychology Department (13139-N).

Measures
Vividness
Participants rated the primary outcome measure vividness answering the 
question “how vivid did you find the memory” on a 100 mm visual analogue 
scale (VAS) which ran from “not at all clear” to “extremely clear.”

Unpleasantness
Participants rated the primary outcome measure unpleasantness answering 
the question “how unpleasant did you find the memory” on a 100 mm VAS 
which ran from “not at all unpleasant” to “extremely unpleasant.”

Task ratings after each experimental condition
Participants rated to what degree they performed the attentional breathing 
task on a 100 mm VAS which ran from “not at all” to “all the time”), as a mea-
sure of task compliance.
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Task ratings during training phase
Participants rated “to what degree did you succeed in focusing your atten-
tion on your breathing” on a 6-point Likert-scale (0 = not at all, 1 = a little, 
2 = somewhat, 3 = reasonably, 4 = good, 5 = very good), as a measure of training 
success of attentional breathing.

Secondary outcome measures
A number of secondary outcome measures and control measures were as-
sessed for reasons unrelated to the hypotheses examined in this paper. The 
measures include self-reported depressive symptoms (assessed using the 
IDS-SR; Trivedi et al., 2004), emotionality (assessed as the mean of 3 items, 
namely anxiety, sadness, and helplessness experienced after recall), control-
lability (1 item), avoidance (assessed as the mean of 2 items, namely avoid-
ance of the memory & the associated emotions), difficulty to recall (1 item), 
and a measure of self-reported influence on breathing (1 item).

Procedure
A 2 (Time; pre- vs post-measurement) x 2 (Condition; recall only vs recall + 
AB) within-subject design was used. First, all participants practiced atten-
tional breathing based on an adaptation from the Dutch translation of the 
breathing exercise from the MBCT handbook (Segal et al., 2002). In this 
training, which took about 10 minutes, participants were instructed to focus 
their attention on their breathing. If participants rated their training success 
with a 0 (= not at all) or a 1 (= a little) on the 0–5 training success scale, the 
training was repeated and their performance was rated again.

Second, participants were instructed to identify two sad or fearful events 
(one for each condition) that still had an emotional impact on them, to form a 
clear and specific image of each memory, and to create labels for these mem-
ories by writing down keywords. Participants were asked to briefly describe 
their memories to the experimenter, and to rank the memories on emotional 
impact. The memories were assigned to condition based on their ranking, to 
counterbalance emotional impact over conditions.

Third, participants entered into the experimental phase, which con-
sisted of two trials (one for each recall condition). The order of conditions 
was fully counterbalanced. Each trial included an experimental manipu-
lation (recall only or recall + AB) preceded by a pre-measurement and fol-
lowed by a post-measurement of the memory assigned to that condition. For 
pre- and post-measurement of the memory, participants rated vividness and 
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unpleasantness of the memory after a 10 s recall. The recall instruction was 
as follows: “Form an image of the memory and recall this memory as com-
pletely and vividly as possible. Please indicate when the memory is clear.” 
Once the participant indicated the memory was clear, instructions were giv-
en to “keep the memory in mind.” During the experimental manipulation 
in between pre- and post-measurement, participants were asked recall the 
memory three times (24 s each time) while concurrently performing atten-
tional breathing (in the recall + AB trial) or no attentional breathing (in the 
recall only trial). The 24 s intervals were separated by 10 s pauses during 
which participants were instructed to think of something else. Finally, each 
trial was concluded by participants rating the task compliance measures.

Participants were free to choose whether to close their eyes during the 
attentional breathing training and recall of memories (n = 46) or to keep 
their eyes open (n = 6), but were instructed to remain consistent in doing so 
throughout the experiment.

Analyses
Support for the WM model of attentional breathing was examined in three 
ways. First, the results of the current study were analyzed using the standard 
null hypothesis test approach. Repeated measures ANOVAs were conduct-
ed with memory vividness and unpleasantness representing the dependent 
variables. All analyses used two-tailed tests. Second, Bayesian analyses were 
performed on the pooled data of all extant experiments that have examined 
the effects of recall + AB on subsequent memory recall. For the Bayesian 
analyses, the informative hypothesis was formulated as µ-recall only (chang-
es in recall only condition) > µ-recall + AB (changes in recall + AB condi-
tion) and evaluated against the null hypothesis (µ-recall only = µ-recall + AB). 
The Bayes factors were computed by first analyzing the data of the oldest 
experiment (Experiment 1 of van den Hout et al. (2011) with the software 
BIEMS (Mulder, Hoijtink, & de Leeuw, 2012) using the default, relatively 
uninformative, prior that has good properties in the absence of prior knowl-
edge (Mulder, Hoijtink, & Klugkist, 2010). Then, this prior was used for the 
sequential Bayesian analyses to update the amount of support after adding 
each new experiment. Note that to run these analyses with BIEMS , the raw 
data of all experiments was used to create four datasets existing of the data 
from one, two, three, and all four experiments, respectively, for which Bayes 
factors were computed. Bayes factors higher than 1 indicate support for the 
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informative hypothesis, with higher Bayes factors indicating stronger sup-
port. Bayes factors lower than 1 decrease the likelihood of the informative 
hypothesis. Third, effect sizes, and 95% CI, were calculated for each study, 
reflecting the change in the recall + AB condition relative to the change in the 
recall only condition. Finally, combined effect sizes for all the studies were 
calculated.

Results
Vividness and unpleasantness
Pre- and post- scores of vividness and unpleasantness per conditions can 
be seen in Table 3.2. There were no outliers (−3.29 < z < 3.29). For vividness, 
the effects of Time (F(1,51) = 6.54, p = .01, ηp

2 = .11, two-tailed) and Condition 
(F(1,51) = 5.05, p = .03, ηp

2 = .09, two-tailed) were significant. Vividness rates 
were overall higher in the control condition, and decreased over both condi-
tions. However, the Time x Condition interaction effect was not significant 
(F(1,51) = 0.22, p = .64, ηp

2 < .01, two-tailed), thereby failing to support the 
hypothesis that recall + AB would reduce memory vividness.

For unpleasantness, the effect of Time (F(1,51) = 10.52, p < .01, ηp
2 = .17, 

two-tailed) was significant, indicating an overall reduction of unpleasantness 
of memories. The effect for Condition (F(1,51) = 0.14, p = .71, ηp

2 < .01, two-
tailed) and the crucial Time x Condition interaction (F(1,51) = 1.92, p = .18, 
ηp

2 = .04, two-tailed) were not significant. Thus, no support for the hypothesis 
that attentional breathing would reduce memory unpleasantness was found.

Table 3.2
Means (SD) of vividness and unpleasantness at pre- and post-measurement (in 
mm) per condition

Vividness Unpleasantness

Condition Pre Post Pre Post

Recall only 74.9 (14.1) 69.1 (19.6) 59.6 (18.7) 55.3 (19.2)

Recall + AB 68.3 (17.9) 63.9 (20.8) 60.8 (22.1) 52.1 (21.2)

Note. AB = Attentional breathing.
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Task compliance
The compliance data of one participant was missing (the participant had 
overlooked the questions). Task compliance was analyzed with a paired 
t-test, confirming that participants paid more attention to their breathing 
during recall + AB condition (M = 77, SD = 14) than during recall only (M = 40, 
SD = 29; t(50) = 9.29, p < .001, d = 2.06).

Summary of all experiments to date
Table 3.3 depicts the Bayes factors that indicate the support for the informa-
tive hypothesis for vividness and unpleasantness of all experiments to date, 
taking previous results into account. The Bayes factors of the current study, 
in which all four extant experiments are taken into account, exceed the value 
of three. This can be interpreted as “the informative hypothesis (that recall 
+ AB reduces unpleasantness and vividness) is three times more likely than 
the null hypothesis (that recall + AB does not reduce unpleasantness and viv-
idness)” and is considered as positive evidence in favor of the informative 
hypothesis (Kass & Raftery, 1995). Figure 3.1 depicts the effect sizes for each 
separate experiment and aggregated effect sizes over all experiments. The 
negative effect size for vividness in the current study reflects that the change 
in the recall + AB was smaller than the change in the recall only condition. All 
experiment to date taken together show small effect sizes for both vividness 
(d = 0.12, 95% CI [-0.04, 0.27]) and unpleasantness (d = 0.21, 95% CI [0.06, 
0.37]).

Table 3.3
An overview of Bayes factors (total N) for the informative hypothesis versus the 
null hypothesis, updated after each experiment, for vividness and unpleasantness

Vividness Unpleasantness

Experiment BF BF

A 0.65 (36) 08.7 (36)

A-B 24.9 (70) 04.1 (70)

A-C 18.3 (118) 05.4 (117)

A-D 03.2 (170) 11.7 (169)

Note. BF = Bayes factor, A = van den Hout et al. (2011) experiment 1, B = van 
den Hout et al. (2011) experiment 2, C = Slofstra et al. (Slofstra et al., 2016), 
D = current study, BF > 1 provides support for the informative hypothesis.
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Discussion
This study aimed to test a WM model of attentional breathing, given that at-
tentional breathing taxes WM (van den Hout et al., 2011). The current experi-
ment improved on previous research by increasing the internal validity of the 
design (i.e., omitting extra training conditions) and was adequately powered 
to detect the expected effect size of at least d = 0.40. As in previous studies, 
the results of the current experiment were analyzed using Null Hypothesis 
Testing. The results did not support the hypothesis that attentional breath-
ing during recall would reduce the vividness and unpleasantness of aversive 
memories. These analyses did not result in rejection of the null hypothesis 
(no difference in reductions between the recall only and recall + AB condi-
tions). In addition, Bayesian analyses were used to evaluate the likelihood of 
the WM model by combining current results with previous findings. Analyz-
ing pooled data of all extant studies, Bayes factors above the value of 3 were 
found, which suggests evidence in favor of an effect of attentional breathing 
during recall on vividness and unpleasantness of subsequent recall. Thus, the 
Bayesian analyses suggest that the WM model of attentional breathing can-
not be discarded. Analyses of effect sizes of all studies combined show small 

Figure 3.1.
Effect sizes (with 95% CI’s) for vividness and unpleasantness for each separate 
study and all studies combined. A = van den Hout et al. (2011) experiment 1, 
B = van den Hout et al. (2011) experiment 2, C = Slofstra et al. (Slofstra et al., 
2016), D = current study.
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effect sizes for vividness and unpleasantness. In sum, taking all studies into 
account suggests that there are effects for both vividness and unpleasant-
ness, though the effect sizes are small.

The small effect sizes of recall + AB seem incongruous both with a WM 
model because previous research has shown consistent effects (van den Hout 
& Engelhard, 2012) and with the rather robust effects of MBCT (Kuyken et al., 
2016). One potential reason may lie in the modality-specific nature of WM, 
which is proposed to consist of a central executive and two slave-systems 
(Baddeley, 1997), the visuospatial sketchpath (for visual information) and the 
phonological loop (for auditory information). Laboratory studies show that 
WM effects generally stem from taxing the central executive, whilst smaller 
modality-specific effects may be superimposed on this main effect as a re-
sult of taxing the slave-systems with visual or auditory information (van den 
Hout et al., 2011). Previous experiments testing the WM model have focused 
on visual aspects of the memory, as reflected in the instructions during recall 
and in the outcome measure vividness. Whereas visual aspects of memories 
may correspond to visual WM tasks, such as eye movements, they may be 
pertinent to the attentional breathing task. Focusing more on other than vi-
sual aspects of memories in the instructions and outcome measures, such as 
their accompanying bodily sensations, may augment effects of recall + AB 
conditions in future research.

The small effect sizes for attentional breathing may also be potentially 
explained by lower compliance with the intervention instructions. An exam-
ination of the compliance measures (all using the same scale) reveals that ef-
fect sizes of self-reported attentional breathing vary from 1.57 (Slofstra et al., 
2016), to 2.32 (2011; Exp. 2) to 2.06 in the current study. In contrast, the effect 
size for compliance to the eye movements was 5.71 (2011; Exp 2). Possibly, an 
attentional breathing training at the start of the experiment increases aware-
ness of their breathing in participants throughout the experiment, reducing 
differential effects between conditions. Participants may have been induced 
to pay attention to their breathing during recall only, especially when they 
practiced attentional breathing during recall in the trial before. However, as 
in van den Hout et al. (2011), the order of conditions did not significantly im-
pact the change in vividness or unpleasantness over time, or the change over 
time across conditions.

Besides the small effect sizes, support for a WM model of attentional 
breathing as a working mechanism of MBCT based on the current study is 
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limited for five reasons. First, although it has been established in van den 
Hout et al. (2011) that attentional breathing taxes working memory, it does 
not necessarily follow that WM taxing drives the small effect of recall + AB 
on future recall. This proposed mediator was not assessed in the current 
study. Furthermore, in van den Hout et al. (2011) no significant correlation 
was found between degree of WM taxing by attentional breathing in the first 
part of the study and the effect on vividness or unpleasantness in the second 
part. However, WM taxing as assessed in the first part of the study may not 
translate directly to WM taxing during recall of aversive memories. Future 
studies may include mediation analyses, using subjective measures of cogni-
tive load, and other potential mechanisms such as mindfulness, distraction 
or avoidance. Second, although aversive memories may play a role in depres-
sion (Weßlau & Steil, 2014), they are not specifically noted in the WM model 
for attentional breathing. Whether taxing WM with attentional breathing 
also impacts the thoughts and images relevant to relapse in depression re-
mains as a question for future research. Third, only effects on future recall 
were assessed to evaluate a WM model, whereas effects during recall + AB 
may be more relevant to disrupting the downward cycle between dysfunc-
tional thinking patterns and sad mood. In future research, it may be of in-
terest to assess the effects after manipulation as well as post-measurement 
recall. Fourth, non-clinical samples were used, and replication in a previous-
ly depressed sample is needed to verify whether the effects hold in the pop-
ulation targeting by MBCT. Finally, this study investigated merely one aspect 
of MBCT, attentional breathing, thereby omitting other essential elements, 
such as the accepting and non-judgmental attitude. Thus, although the small 
effect sizes may cast some doubt on a WM model as working mechanism of 
MBCT, they do not dispute the effectiveness of MBCT.

In conclusion, the current study failed to find the expected effect of 
recall + AB on vividness or unpleasantness in subsequent recall of aversive 
memories. These results do not support the WM model of attentional breath-
ing. A somewhat more promising picture emerges from Bayesian analyses of 
the four experiments (current study plus three others) that have examined 
the WM model. These results support the hypothesis that recall + AB reduc-
es the vividness and unpleasantness of aversive autobiographical memories. 
However, effect sizes overall were small, which seems inconsistent with a 
WM model (partially) explaining the effects of MBCT. Future research may 
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benefit from examining moderators of the attentional breathing effects, such 
as whether results are influenced by modality-specific effects.
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Abstract
Ruminative (abstract verbal) processing during recall of aversive autobi-
ographical memories may serve to dampen their short-term affective impact. 
Experimental studies indeed demonstrate that verbal processing of non-au-
tobiographical material and positive autobiographical memories evokes 
weaker affective responses than imagery-based processing. In the current 
study, we hypothesized that abstract verbal or concrete verbal processing of 
an aversive autobiographical memory would result in weaker affective re-
sponses than imagery-based processing.

The affective impact of abstract verbal versus concrete verbal versus im-
agery-based processing during recall of an aversive autobiographical memo-
ry was investigated in a non-clinical sample (N = 99) using both an observa-
tional and an experimental design. Observationally, it was examined whether 
spontaneous use of processing modes (both state and trait measures) was as-
sociated with impact of aversive autobiographical memory recall on negative 
and positive affect. Experimentally, the causal relation between processing 
modes and affective impact was investigated by manipulating the processing 
mode during retrieval of the same aversive autobiographical memory.

Main findings were that higher levels of trait (but not state) measures 
of both ruminative and imagery-based processing and depressive symptom-
atology were positively correlated with higher levels of negative affective im-
pact in the observational part of the study. In the experimental part, no main 
effect of processing modes on affective impact of autobiographical memories 
was found. However, a significant moderating effect of depressive symp-
tomatology was found. Only for individuals with low levels of depressive 
symptomatology, concrete verbal (but not abstract verbal) processing of the 
aversive autobiographical memory did result in weaker affective responses, 
compared to imagery-based processing.

These results cast doubt on the hypothesis that ruminative processing 
of aversive autobiographical memories serves to avoid the negative emotions 
evoked by such memories. Furthermore, findings suggest that depressive 
symptomatology is associated with the spontaneous use and the affective 
impact of processing modes during recall of aversive autobiographical mem-
ories. Clinical studies are needed that examine the role of processing modes 
during aversive autobiographical memory recall in depression, including the 
potential effectiveness of targeting processing modes in therapy.
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Introduction
Autobiographical memories play a role in the onset and maintenance of Ma-
jor Depressive Disorder (hereafter also referred to as depression, Dalgleish 
& Werner-Seidler, 2014). Both the content of the autobiographical memories 
and the manner in which they are recalled may be disturbed in individuals 
with a diagnosis of depression, compared to never depressed individuals 
(Dalgleish & Werner-Seidler, 2014). Depression is associated with a tenden-
cy towards more negative and less positive memory recall (Mathews & Ma-
cLeod, 2005; Matt, Vázquez, & Campbell, 1992) and a more generic, less spe-
cific (overgeneral) nature of memory recall (Williams et al., 2007).

These memory disturbances in depression may be related to a more 
ruminative processing style during retrieval of memories. Rumination in 
depression can be defined as focusing on one’s depressive symptoms and 
the implications of those symptoms in a repetitive, passive, and abstract 
way  (Nolen-Hoeksema, Wisco, & Lyubomirsky, 2008). Rumination during 
autobiographical memory recall can be conceptualized as an abstract verbal 
thinking style revolving around “why” events occurred, and analyzing mean-
ings, causes, and consequences of events (Watkins, 2008). Rumination, may 
thereby lead to the overrepresentation of abstract verbal material in the au-
tobiographical knowledge base, disrupting the search process for a specific 
memory (i.e. memories of events that happened at a specific time and place), 
resulting in overgeneral memory recall (for reviews, see Sumner, 2012; Wil-
liams et al., 2007).

In depression, rumination may also be conceptualized as an emotion 
regulation strategy (Joormann & Stanton, 2016). Rumination, being an ab-
stract and verbal thought process, resembles worry (Borkovec, Ray, & Stober, 
1998; Nolen-Hoeksema et al., 2008). Following the avoidance theory of wor-
ry (Borkovec et al., 1998; Stöber, 1998), such reduced concreteness of thought 
may serve to avoid vivid recall of distressing images. Similarly, rumination 
is hypothesized to function to avoid extreme negative emotions associated 
with specific distressing images in autobiographical memory (Eisma et al., 
2013; Holmes & Mathews, 2010). Ruminative (abstract verbal) processing 
has thus been proposed to “dampen” the negative affective impact of nega-
tive memories.

Another manner in which memories can be recalled is using situa-
tion-specific concrete processing which concerns “how” the event occurred, 
which includes processing of the sensory experiences associated with the 
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event (Watkins, 2008). Such sensory processing is commonly referred to as 
mental imagery-based processing (Pearson et al., 2015). In contrast to rumi-
native processing, imagery-based processing is proposed to enhance the im-
pact of emotional material on negative and positive affect. In the short-term, 
concrete/imagery-based processing of aversive autobiographical memories 
is hypothesized to increase negative affect and decrease positive affect (Wer-
ner-Seidler & Moulds, 2012).

In the long term, however, rumination has been found to contribute 
to worsened mood and onset and maintenance of psychopathology (for re-
views, see Nolen-Hoeksema et al., 2008; Watkins, 2008). Genetic vulnera-
bility for rumination has been found to overlap with genetic vulnerability 
for depression (Johnson, Whisman, Corley, Hewitt, & Friedman, 2014) and, 
moreover, appears to mediate genetic vulnerability for depression (Eszlari 
et al., 2016). In contrast, more specific, imagery-based recall of aversive au-
tobiographical memories may improve emotional processing of events and 
result in more functional recall of positive autobiographical memories. For 
example, in a non-clinical sample concrete/imagery-based processing during 
exposure to analogue trauma resulted in smaller negative affective impact 
at post-test and fewer intrusions in the following week than abstract/ver-
bal processing (White & Wild, 2016). Thus, autobiographical memory dis-
turbances in depression might also be interpreted as an imagery problem 
(Holmes et al., 2016). In sum, recalling an aversive autobiographical memory 
in a more ‘ruminative’ or in a more imagery-based manner may differentially 
influence its emotional impact and contribute to the onset and maintenance 
of depression.

The causal role of abstract/verbal versus concrete/imagery-based pro-
cessing on the affective impact of negative stimuli has been demonstrated in 
various experimental laboratory studies. Non-clinical participants instruct-
ed to process negative, non-autobiographical stimuli in verbal, compared 
to an imagery-based manner experienced less affective impact (Holmes & 
Mathews, 2005; Holmes et al., 2008). Recently, the differential effects of ab-
stract verbal and imagery-based processing during recall of positive autobi-
ographical memories on positive affect were examined in two experiments 
with non-clinical samples (Nelis, Holmes, Palmieri, Bellelli, & Raes, 2015). 
Processing mode was manipulated with instructions to recall the positive au-
tobiographical memory in an abstract/verbal or in a concrete/imagery-based 
manner. As predicted, only concrete/imagery-based processing, and not 
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abstract/verbal processing, resulted in increased positive affect in the first 
experiment. Interestingly, greater increases in positive affect were observed 
in individuals with high levels of depressive symptomatology (although this 
increased positive affect was not maintained after a short delay). A second 
experiment demonstrated that a comparative verbal way of thinking (mak-
ing comparisons between the memory and the current situation), rather than 
abstract verbal thinking, was detrimental to the positive affective impact of 
recall of positive autobiographical memories. This effect was again moder-
ated by depressive symptomatology: The differential effect of verbal versus 
imagery-based processing was greater for individuals with high levels of de-
pressive symptomatology.

Differential effects of processing mode on affective impact have been 
replicated in a clinical sample. Werner-Seidler and Moulds (2012) showed 
that in both never depressed and previously depressed individuals experi-
mentally induced abstract processing of positive autobiographical memories 
resulted in worse mood repair after a negative mood induction, compared 
to concrete processing of positive autobiographical memories. This effect 
could not be replicated using self-defining positive memories (Werner-Se-
idler & Moulds, 2014). Thus, experimental studies suggest that abstract 
verbal processing results in weaker affective impact of negative non-auto-
biographical stimuli and positive autobiographical memories than concrete, 
imagery-based processing. Therefore, adapting processing modes during re-
call of autobiographical memories may prove useful in clinical practice (Dal-
gleish & Werner-Seidler, 2014). Indeed, innovative interventions that target 
the processing rather than the content of autobiographical memories seem 
to be effective in reducing depressive symptomatology (Hitchcock, Wer-
ner-Seidler, Blackwell, & Dalgleish, 2017). However, this ‘affect dampening’ 
property of ruminative processing compared to the ‘affect amplifying’ role of 
imagery-based processing during recall of an aversive autobiographical mem-
ory has not yet been evaluated experimentally.

The current study investigated the differential effects of processing 
modes during recall of aversive autobiographical memories on affective im-
pact. In this study, abstract verbal processing, defined as verbal processing of 
“why the event occurred,” was compared to imagery-based processing, de-
fined as sensory-based processing of the specific event. Abstract versus con-
crete and verbal versus imagery-based processing may be distinct but also 
partially overlapping constructs. Manipulations that simultaneously alter 
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the two dimensions may therefore complicate interpretation of the causal 
effects of abstract verbal versus imagery-based processing modes. This study 
therefore included a concrete verbal condition, defined as verbal processing 
of the specific event, defined as describing “how the event occurred” to in-
vestigate whether concrete verbal processing may have different effects on 
memory recall than abstract verbal or imagery-based processing.

The study included an observational and an experimental part. In the 
observational part, it was investigated how spontaneous use of the three pro-
cessing modes (state measures of abstract verbal, concrete verbal, and imag-
ery-based processing) and trait measures of rumination and imagery-based 
processing were associated with the impact of aversive autobiographical 
memory recall on negative and positive affect. In the experimental part, the 
causal effect of processing modes on affective impact was investigated by ex-
perimentally manipulating the processing mode (abstract verbal vs concrete 
verbal vs imagery) during retrieval of the same aversive autobiographical 
memory. How manipulations influenced affective impact during future re-
call of the memory was assessed at a follow-up assessment of the memory.

Finally, because previous research showed that depressive symptom-
atology may moderate the effect of processing modes on affective impact of 
memories (Nelis et al., 2015), it was investigated whether depressive symp-
tomatology interacted with processing modes on affective impact after aver-
sive memory recall. Based on experimental studies with verbal versus imag-
ery-based processing of negative stimuli (Holmes & Mathews, 2005; Holmes 
et al., 2008), it was hypothesized that verbal (concrete and abstract) process-
ing of aversive autobiographical memories would result in weaker affective 
changes than imagery-based processing, both in positive and negative affect. 
Based on studies comparing abstract versus concrete processing (Nelis et al., 
2015; Werner-Seidler & Moulds, 2012), it was hypothesized that especially 
abstract verbal processing would result in dampened affective impact rela-
tive to imagery-based processing.

Material and Methods
Participants
A sample size of 33 per group (99 in total) was pre-determined. Ninety-nine 
undergraduates (66 female) with a mean age of 21.4 (SD = 3.4) participat-
ed in exchange for remuneration. All students over the age of 18 could par-
take; there were no exclusion criteria. No data on ethnicity or socioeconomic 
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status were collected. Typically, these samples include a majority of Cauca-
sian students. Participants provided written informed consent and were fully 
debriefed afterwards. Ethical approval was obtained from the University of 
Groningen Ethical Committee of the Psychology Department (13231-N).

Measures
Affect measures
To measure affect, participants completed the sentence “at this moment, I 
feel…” by rating eight affect adjectives on a 0–100 visual analogue scale run-
ning from “not at all,” to “entirely.” A wide range of emotions was included to 
capture the various emotional responses to aversive autobiographical mem-
ories (Weßlau & Steil, 2014). A negative affect (NA) scale was created by av-
eraging the scores in response to the adjectives nervous, anxious, sad, down, 
angry and irritated. The positive affect (PA) scale consisted of the average 
score of the adjectives happy and content.

State processing mode measures
To assess self-reported state processing mode, three scales were construed 
(items in supplemental materials). State abstract verbal processing was as-
sessed using a 3-item scale derived from the momentary ruminative self-fo-
cus inventory (Mor, Marchetti, & Koster, unpublished manuscript). State 
concrete verbal processing was operationalized as a 2-item scale, assessing to 
what degree participants thought in words and sentences (e.g. Holmes et al., 
2008). A 4-item state imagery-based processing scale was based on assess-
ment of the use of sensory channels, assessing to what degree during recall 
participants saw, heard, smelled and felt the sensory properties of the memo-
ry. Because smell was reported by less than half of the participants, it was not 
included in the imagery measure. All items were presented on a 0–100 visual 
analogue scales (which ran from “not at all” to “completely”).

Trait processing mode measures
Self-report measures of trait levels of depressive rumination and imag-
ery-based processing were assessed.
Trait rumination was assessed using the brooding subscale, a short scale (5 
items) to measure maladaptive rumination, of the Ruminative Response 
Scale (RRS; Treynor, Gonzalez, & Nolen-Hoeksema, 2003; Dutch version: 
Schoofs, Hermans, & Raes, 2010). The internal consistency of this subscale 
in the current sample was questionable (α = .66).
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Trait imagery-based processing was assessed using the 12-item Spontaneous 
Use of Imagery Scale (SUIS; Reisberg, Pearson, & Kosslyn, 2003). This ques-
tionnaire was translated to Dutch and backtranslated to English and com-
pared to the original by a bilingual expert. The internal consistency in the 
current sample was acceptable (α = .71).

Depressive symptoms
Depressive symptomatology was assessed using the Inventory of Depressive 
Symptomatology (IDS-SR; Rush, Gullion, Basco, Jarrett, & Trivedi, 1996; 
Trivedi et al., 2004). This 30–item self-report version of the questionnaire 
covers all diagnostic criteria for major depressive disorder as formulated in 
the DSM-IV (APA, 2000). Participants indicated to what degree each symp-
tom applied to them in the last seven days on a four-point scale (0 - 3). To-
tal scores range from 0 to 84. The psychometric properties are acceptable 
(Trivedi et al., 2004), with a good internal consistency in the current sample 
(α = .84).

Experimental manipulations
Manipulation was performed using three instructions for each processing 
mode. The first instruction was presented at the start, the second after 20 
seconds and the third after 40 seconds of recall. These manipulations were 
derived from previous studies (Holmes et al., 2008; Nelis et al., 2015; Wat-
kins, Moberly, & Moulds, 2008) and altered to differentially manipulate ab-
stract verbal, concrete verbal, or imagery-based processing whilst keeping all 
other aspects of the manipulations the same.

The instructions in the abstract verbal condition were to "Think about 
why the event occurred,” “Think about the deeper meaning of the event,” 
and “Think about how this event has influenced you.”

In the concrete verbal condition, participants were instructed to “De-
scribe in your mind precisely what is happening in the memory,” “Describe 
in your mind in what order the events occurred,” and “Describe in your mind 
what each person in the memory said and did.”

The instructions in the imagery condition were “recall the memory with 
your mind’s eye. Try to recall the smells, sounds and sensations as well,” “See 
what is happening in your memory,” and “see the colors and others details in 
the memory.”
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Selection of an aversive autobiographical memory
Participants were instructed to select a specific autobiographical memory us-
ing the following instructions: “please recall a specific event that happened 
on a specific time and in a specific place that made you feel anxious or sad 
at the time and still has an emotional impact on you now.” The memory was 
briefly described to the experimenter, who assessed whether the memory 
concerned a specific moment and a specific place. If not, participants were 
prompted to specify the memory or select another memory.

Procedure
Participants were informed the study investigated their ability to recall their 
autobiographical memories. After inclusion, participants were random-
ly allocated to one of three conditions (abstract verbal, concrete verbal, or 
imagery). Participants were seated behind a computer, on which the mea-
sures (questionnaires, affect measures, and processing mode measures) were 
presented throughout the study. Auditory instructions were given via head-
phones. Participants were instructed to ask the experimenter, who remained 
present, any questions that may arise during the experiment.

A schematic overview of the study procedure is depicted in Figure 4.1. All 
participants first filled out the questionnaires and then selected an aversive 
autobiographical memory. Affect was assessed before selection of the memo-
ry to establish baseline levels of NA and PA (baseline affect was assessed be-
fore selection of the aversive autobiographical memory, because we expected 
that memory selection may already impact negative and positive affect, that 
may already be under influence of processing styles. This expectation was 
confirmed by an additional post-selection assessment of affect after selection 
of the aversive autobiographical memory, showing that selection of the auto-
biographical memories resulted in a significant increase in NA (t(98) = 9.96, 
p < .01, d = 1.00) and decrease in PA (t(98) = -7.63, p < .01, d = -0.77)).

Participants recalled their aversive memory three times during the 
experiment, for a pre-manipulation assessment (spontaneous processing 
during first recall), during the experimental phase (manipulated processing 
modes; post-manipulation assessment) and for the follow-up assessment 
(the effect of manipulating processing modes on affective impact during fu-
ture recall). Each recall was immediately followed by ratings of the process-
ing modes and affect measures. All participants were prompted to “Please re-
call the memory as you usually recall it” for pre-manipulation and follow-up 
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recall (both 24 s). During the experimental phase in between, participants 
received the manipulation instructions for abstract verbal, concrete verbal or 
imagery-based processing, dependent on condition (see: Experimental ma-
nipulations) for 60 s.

Participants were free to choose whether they preferred to close their 
eyes during recall of memories or to keep their eyes open, but were instruct-
ed to remain consistent in doing so during recall throughout the experiment. 
The duration of the entire procedure was around 45 m per participant.

Analyses
For the observational part of the study, affective impact of first recall was 
calculated as the change from baseline (before selection of the aversive au-
tobiographical memory) to pre-manipulation (after first recall using sponta-
neous processing modes). It was analyzed how trait processing mode mea-
sures (RRS, SUIS) and state processing mode measures (VAS-scales) were 
related to affect at baseline and the affective impact of first recall of the aver-
sive autobiographical memory, using Pearson’s correlations.

The experimental part of the study had a mixed design. Change over 
time (within subjects) was compared between conditions (abstract verbal 
vs concrete verbal vs imagery; between subjects). To assess the causal effect 
of processing modes on affective impact of memories, hierarchical linear 
regression analyses were performed. In a first step, Condition (coded as a 
dummy variable for abstract verbal processing (1 for abstract verbal process-
ing, 0 for other conditions) and a dummy variable for concrete verbal pro-
cessing (1 for concrete verbal processing, 0 for other conditions)) was en-
tered to predict changes in NA and PA from first recall to after manipulation 
(post-manipulation – pre-manipulation). In a second step, depressive symp-
tomatology (group-mean centered) and the interactions between depressive 
symptomatology and Conditions (Dummy Abstract & Dummy Concrete) 
were included in the model to assess whether depressive symptomatology 
moderated the effect of processing modes on affect. The latter analyses were 
repeated with changes in NA and PA from first recall to last recall (follow-up 
– pre-manipulation), to assess how manipulation of processing modes influ-
enced future recall. All analyses were two-tailed.
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Results
Relation between state and trait processing mode measures
The correlation coefficients are presented in Table 4.1. State abstract verbal 
(ruminative) during first recall was significantly and positively related to 
state imagery-based processing and trait rumination and imagery, although 
these correlations were modest. State imagery-based processing, in turn, was 
positively related to trait rumination and imagery. The trait measures of ru-
mination and imagery-based processing were also significantly and positive-
ly related. In sum, state and trait measures of abstract verbal processing (or 
rumination) and imagery-based processing were positively related. In con-
trast, state concrete verbal processing was not significantly related to any of 
the other state or trait processing mode measures.

Observational: relation between processing mode measures, affect, 
and affective impact of first recall
Both state and trait measures of abstract verbal processing (or rumination) 
and imagery-based processing were found significantly related to higher 
levels of baseline NA. Trait measures of rumination and imagery-based pro-
cessing were also related to change in NA after first recall of the aversive 
autobiographical memory. None of the state processing mode measures were 
significantly related to affective change after first recall (pre-manipulation). 
Thus, only trait measures of processing modes, and not state measures during 
recall, were associated with affective impact of the aversive autobiographical 
memory. Finally, higher levels of depressive symptomatology were related 
to higher levels of trait rumination and more state and trait imagery-based 
processing. Higher levels of depressive symptomatology were also related to 
baseline levels of affect (more NA, less PA), and greater negative affective 
change after recall.

Manipulation of processing modes
The state processing-mode ratings per condition are presented in Table 4.2. 
There were no significant differences between conditions in pre-manipula-
tion scores of affect or processing modes (all p's > .05), demonstrating suc-
cessful randomization. Examining whether the experimental manipulations 
resulted in relatively higher ratings of the condition-relevant processing 
mode during the manipulated recall demonstrated successful manipulation 
of processing modes. Repeated measures ANOVAs were conducted for the 
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Figure 4.2.
Inspection of the three-way interaction (Time x Condition x Depressive symp-
tomatology), depicting change over time using a median split for depressive 
symptomatology for negative affective change at post-manipulation (A) and at 
follow-up (B) and for positive affective change at post-manipulation (C) and at 
follow-up (D).
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three manipulation tasks. The crucial effect was the interaction between 
Time (pre-measurement vs manipulation) and Condition (abstract verbal 
versus concrete verbal versus imagery). As expected, for abstract verbal 
(F(2,96) = 10.52, p < .001, ηp

2 = .18), concrete verbal (F(2,96) = 12.72, p < .001, 
ηp

2 = .21), and imagery-based (F(2,96) = 6.07, p < .01, ηp
2 = .11) processing, the 

changes in use of processing mode between conditions over time were sig-
nificant.

Experimental: effect of manipulating processing modes on affective 
impact of memories
The summaries of the models testing the causal effect of processing modes 
on change (from pre-manipulation to post-manipulation and pre-manipu-
lation to follow-up) in NA and PA can be found in Table 4.3. It was tested 
whether manipulation of processing modes differentially influenced affec-
tive impact of aversive autobiographical memories in Model 1. No significant 
effects were found on NA or PA.

Subsequently, it was tested whether depressive symptomatology mod-
erated the effect of processing modes in Model 2. Adding depressive symp-
tomatology as moderator resulted in a significant improvement of the model 
for NA (R2

change = .08, p = .049) and PA (R2
change = .10, p = .02) at follow-up. De-

pressive symptomatology moderated the differential effect of concrete ver-
bal versus imagery-based processing for PA (p = .047). This interaction did 
not reach significance for NA (p = .08). These moderating effects in the con-
crete verbal condition were also significant at post-manipulation (p's < .05), 
although they did not result in significant improvement of the model for NA 
(R2

change = .06, p = .14) or PA (R2
change = .05, p = .17).

The significant moderating effect of depressive symptomatology rep-
resents a three-way interaction between Time (from pre-manipulation to 
post-manipulation and follow-up), Condition (concrete verbal versus imag-
ery), and depressive symptomatology. To unravel this three-way interaction, 
a median-split (median = 11) for depressive symptomatology was used. As 
can be seen in Figure 4.2, the differential effects of processing modes were 
more pronounced in the group with low depressive symptomatology. Here, 
as expected, concrete verbal processing resulted in weakened affective im-
pact compared to imagery-based processing.

In sum, there were no main effects for condition or depressive symp-
tomatology on affective change between pre-manipulation and post-manip-
ulation or between pre-manipulation and follow-up. However, there was an 
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interaction between depressive symptomatology and processing mode. Only 
in the low depressive symptomatology group did concrete verbal processing 
result in relatively weakened affective impact.

Discussion
The current study examined whether ruminative (abstract verbal) process-
ing of aversive autobiographical memories dampens their affective impact. 
It was hypothesized that rumination may thereby serve to avoid distressing 
emotions for individuals with higher levels of depressive symptomatology, 
following avoidance theories of rumination (Eisma et al., 2013; Holmes & 
Mathews, 2010). The influence of processing modes on affective impact of 
an aversive autobiographical memory was investigated both observational-
ly and experimentally. In the observational part of the study, higher levels 
of depressive symptomatology were associated with higher levels of trait 
rumination, as observed often before (for a review, see Nolen-Hoeksema et 
al., 2008). However, depressive symptomatology was not significantly asso-
ciated with ruminative (abstract verbal) processing during aversive autobi-
ographical memory recall. Higher levels of trait (but not state) measures of 
both ruminative and imagery-based processing were both correlated with 
higher levels of negative affective impact. In the experimental part, no main 
effect of processing modes on affective impact of autobiographical memories 
was found. A significant moderating effect of depressive symptomatology 
was detected. Only for individuals with low levels of depressive symptom-
atology, concrete verbal (but not abstract verbal) processing of the aversive 
autobiographical memory resulted in weaker affective responses, compared 
to imagery-based processing.

Thus, no ‘affect dampening’ property of abstract verbal processing of 
aversive autobiographical memories was found. A potential explanation for 
this null-finding is that heterogeneity in self-selected memories may have 
obscured significant main effects of processing modes. The role abstract ver-
bal processing plays in affective impact of memory recall may be limited to 
the early stages of retrieving an autobiographical memory (Sumner, 2012). 
Because all participants were instructed to select a specific memory, abstract 
verbal processing may not have truncated the retrieval process and there-
fore could not result in dampened affective impact. An alternative explana-
tion could be that aversive autobiographical memories, as opposed to other 
negative material or positive autobiographical memories, are immune to the 
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effect of processing modes (c.f. Eisma et al., 2015; Golden, Dalgleish, & Mack-
intosh, 2007). In other words, rumination might serve to avoid distressing 
emotions, for example when thinking about problems (Watkins & Moulds, 
2007), but not during recall of aversive autobiographical memories. How-
ever, the fact that processing modes during recall do influence the affective 
impact of aversive autobiographical memories for people with low (but not 
high) levels of depressive symptomatology partly refutes this explanation. As 
such, the current results cast doubt on the hypothesis that rumination during 
recall of aversive autobiographical memories may serve to avoid the distress-
ing emotions associated with the memory (Borkovec et al., 1998; Eisma et al., 
2013; Stöber, 1998).

The effects of abstract verbal processing were contrasted to those of im-
agery-based processing. Observationally, higher levels of trait (but not state) 
imagery-based processing were associated with greater negative affective 
impact of aversive autobiographical memory recall. This finding is consistent 
with the hypothesized short-term ‘affect amplifying’ role of imagery-based 
processing (Werner-Seidler & Moulds, 2012). Importantly, no causal effects 
could be determined based on these observational findings. The experimen-
tal findings demonstrated that effects of imagery-based processing during 
recall of aversive autobiographical memories differ dependent on levels of 
depressive symptomatology. Only for individuals with low levels of depres-
sive symptomatology, imagery-based processing amplified the positive and 
negative affective impact (at post-manipulation) and positive affective im-
pact (at follow-up) compared to concrete verbal (but not abstract verbal) 
processing. Furthermore, higher levels of depressive symptomatology were 
(observationally) associated with more state and trait imagery-based pro-
cessing and affective impact of aversive autobiographical memory recall.

So, when asked to retrieve a memory, persons with higher levels of de-
pressive symptomatology tended to retrieve an aversive autobiographical 
memory in a more imagery-based manner and experienced greater increases 
in negative affect after retrieval of this aversive autobiographical memory. 
However, experimentally increasing their level of imagery-based processing 
during aversive autobiographical memory recall did not change the affective 
impact of recall for individuals with high levels of depressive symptomatolo-
gy, whereas it did for individuals with low levels of depressive symptomatol-
ogy. These results appear to contrast with previous studies showing that low 
levels of depressive symptomatology were associated with more affective 
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impact of positive autobiographical memory recall (Joormann, Siemer, & 
Gotlib, 2007) and weaker effects of processing modes on this affective impact 
(Nelis et al., 2015).

Taken together, these findings suggest that in individuals with low lev-
els of depressive symptomatology spontaneous use of processing modes po-
tentially contributes to affective benefit of positive autobiographical memo-
ries and dampens the negative affective impact of aversive autobiographical 
memories. In individuals with higher levels of depressive symptomatology, 
inducing imagery-based processing may amplify affective impact of posi-
tive autobiographical memory recall (Nelis et al., 2015; Werner-Seidler & 
Moulds, 2012), but this does not appear to be the case for negative autobi-
ographical memory recall. Depression may thus be associated with deficient 
imagery-based processing of positive, but not negative, material (for a review, 
see Holmes et al., 2016). The potential causal role of processing modes on af-
fective impact of aversive autobiographical memory recall in (previously) de-
pressed individuals remains to be examined further in future research. Based 
on the current findings, one may speculate that increasing imagery-based 
processing to increase positive affect in (previously) depressed individuals 
would at least not worsen the short-term affective impact of aversive autobi-
ographical memories.

A concrete verbal condition was added to the experimental part of this 
study to disentangle the hypothesized abstract versus concrete dimension 
from the hypothesized verbal versus imagery dimension in processing style. 
Notably, concrete verbal processing was not significantly related to either 
abstract verbal processing (also on the verbal dimension) or imagery-based 
processing (also on the concrete dimension). Further, the correlational re-
sults suggest that trait ruminative and imagery-based processing are interre-
lated processes, positively associated with depressive symptomatology, more 
negative affect and greater negative affective impact of recall of aversive au-
tobiographical memories. The relevance of distinguishing concrete verbal 
processing from imagery-based processing was further highlighted by the 
finding of differential effects of the concrete verbal versus the imagery con-
dition for low depressed individuals. These results seem incongruent with 
the theory that abstract verbal processing, being less concrete, results in less 
imagery-based processing (Borkovec et al., 1998; Stöber, 1998), but rather 
point towards an ‘unemotional concrete verbal’ processing style that seems 
unrelated to ‘emotional ruminative-imagery’ processing. Future studies may 
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further investigate the dimensions underlying cognitive processing of emo-
tional material.

Some limitations should be noted. First, the time-course of this study 
was limited as post-measurement took place after manipulation without de-
lay. In future studies, longer follow-up assessments of potential beneficial 
effects of concrete or imagery-based processing should be included, such 
as increased specificity of recall of positive memories (Werner-Seidler & 
Moulds, 2012). Second, the manipulation was moderate in strength. A stron-
ger manipulation, possibly including an imagery practice task (e.g. Holmes & 
Mathews, 2005), would potentially have yielded more pronounced effects. 
Third, the effects in the experimental conditions can only be interpreted as 
relative to the other processing modes, because no neutral control condition 
was included in the design. Selection of a suitable neutral control condition 
in this design was complicated, given that distraction may also reduce ru-
mination and negative affect (Joormann et al., 2007; Sheppes et al., 2014), 
and no instruction would not prevent individuals from further processing of 
the aversive memory in their habitual manner. Finally, the range of depres-
sive symptomatology was restricted because the study was conducted in a 
non-clinical sample (which is common in this type of research, e.g. Holmes & 
Mathews, 2005; Holmes et al., 2008; Nelis et al., 2015). Using a clinically de-
pressed comparison group is recommended for future research, as it would 
have allowed for a comparison of levels and effects of processing modes be-
tween healthy and depressed individuals. The finding that the causal influ-
ence of processing modes on affective impact was only observed in individu-
als with low levels of depressive symptomatology highlights the need to ex-
amine how findings from non-clinical samples generalize to clinical samples 
of (previously) depressed individuals.

In sum, neither observationally nor experimentally were the current 
findings supportive of the avoidance hypothesis of ruminative processing 
during aversive autobiographical memory recall. The observational findings 
suggested that higher levels of depressive symptomatology are associated 
with higher levels of imagery-based processing and more affective impact 
of aversive autobiographical memory recall. The experimental findings sug-
gested that ‘affect amplifying’ role of imagery-based processing of aversive 
memories may be weakened in individuals with higher levels of depressive 
symptomatology. Ruminative (abstract verbal) and imagery-based process-
ing appear interrelated phenomena, which are intertwined with depressive 
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symptomatology and affect. Further studies in clinical samples are needed 
to gain understanding of the role of processing modes during recall of aver-
sive autobiographical memories in depression, and how targeting processing 
modes in therapy may influence affective impact and depressive symptom-
atology.
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Supplemental materials
The items of the state processing mode measures, including descriptive sta-
tistics, are presented in Table 4.4. 

Table 4.4
State processing mode measures

Scale Mean (SD)

Abstract verbal 42 (25)

Think about the meaning of the event 51 (32)

Analyze the meaning of your feelings 40 (32)

Think about why you reacted the way you did 33 (34)

Concrete verbal 50 (30)

Think in words 48 (33)

Formulate your thoughts in sentences 52 (33)

Imagery 43 (19)

See the memory in your mind’s eye 78 (25)

Hear the memory in your mind’s ear 41 (35)

Smell the fragrances associated with the memory 09 (18)

Feel the physical sensations accompanying the memory 45 (35)

Note. Answer to the question “When you just recalled the memory, to what 
degree did you…” during first recall (pre-manipulation; spontaneous recall).
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Abstract
Relapse prevention strategies include continuation of antidepressant med-
ication and preventive psychological interventions. This study aims to gain 
understanding that may inform tailoring of relapse prevention to individual 
differences, to improve their effects. Such treatment personalization may be 
based on repeated assessments within one individual, using experience sam-
pling methodology. As a first step towards informing decisions based on this 
methodology, insight is needed in individual differences in risk of relapse and 
response to treatment, and how relapse prevention strategies may differen-
tially target vulnerability for relapse.

The smartphone application ‘Imagine your mood’ has been developed 
specifically for this study to assess cognitions, imagery, emotions, and behav-
iors in daily life. Parallel to the randomized controlled trial ‘Disrupting the 
rhythm of depression’, 45 remitted recurrently depressed individuals taking 
continuation antidepressant medication will be randomly assigned to either 
continuing antidepressant medication (n = 15), continuing antidepressant 
medication combined with an eight-session preventive cognitive therapy (n 
= 15), or tapering of antidepressant medication in combination with preven-
tive cognitive therapy (n = 15). Relapse and return of depressive symptom-
atology over a 24-month follow-up will be assessed. Additionally, matched 
never depressed individuals (n = 15) will be recruited as controls.

This innovative study combines the strengths of a randomized con-
trolled trial and experience sampling methodology in a micro-trial to explore 
individual differences in risk of relapse and what works for whom to prevent 
relapse. Results may ultimately pave the way for therapists to tailor relapse 
prevention strategies to individual (affective) vulnerability.
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Background
Major Depressive Disorder (MDD) poses a heavy burden on patients and 
society (Ferrari et al., 2013; Greenberg, Fournier, Sisitsky, Pike, & Kessler, 
2015; Whiteford et al., 2013). The highly recurrent nature of MDD (Burcu-
sa & Iacono, 2007; Richards, 2011) adds greatly to the burden of depression 
(Judd, 1997; Riihimäki, Vuorilehto, & Isometsä, 2015). With every previous 
episode the risk of relapse increases, so that after having experienced two 
or more depressive episodes the chance of relapse is 60–90% (Eaton et al., 
2008; Hardeveld et al., 2010; Moffitt et al., 2010). Reducing the burden of 
MDD therefore crucially involves prevention of recurrence in previously de-
pressed individuals.

Although both continuation of antidepressant medication (ADM; Glue, 
Donovan, Kolluri, & Emir, 2010; Hansen et al., 2008) and psychological in-
terventions (Biesheuvel-Leliefeld et al., 2015; Clarke, Mayo-Wilson, Kenny, 
& Pilling, 2015; Guidi, Fava, Fava, & Papakostas, 2011; Piet & Hougaard, 2011; 
Vittengl, Clark, Dunn, & Jarrett, 2007) can reduce the risk of relapse, many 
previously depressed individuals do relapse in the long run. Individual pa-
tients may differ in their vulnerability for relapse. Identifying these individu-
al differences and understanding how different relapse prevention strategies 
target these vulnerabilities may enable therapists to further tailor interven-
tions (Kazdin, 2016). Crucial questions therefore seem to be what works best 
for whom (Simon & Perlis, 2010; Uher, 2008). However, empirical evidence 
guiding such personalized relapse prevention strategies is scarce (Bockting 
et al., 2015). To date, attempts to identify single individual characteristics 
that determine treatment response have not resulted in consistent modera-
tors of effect that may inform treatment decisions (Kazdin, 2016; Kuyken et 
al., 2016).

Experience Sampling Methodology (ESM; Csikszentmihalyi & Larson, 
1987; Myin-Germeys et al., 2009; Shiffman et al., 2008) offers a route towards 
personalized interventions (van Os et al., 2017). By repeatedly assessing cog-
nitions, emotions, and behaviors in the flow of daily life, ESM allows for as-
sessment of their interrelations, temporal dynamics and change over time. 
Furthermore, integrating ESM in clinical practice may empower patients 
(Simons et al., 2015) and provide feedback to both patients and therapists, 
with positive long-term results (Kramer et al., 2014). Further advantages of 
ESM are minimization of retrospective biases, which may be particularly 
relevant in depression (Morris, 1999), and maximized ecological validity by 
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random sampling in daily life (Myin-Germeys et al., 2009). ESM may be ide-
ally suited for informing and optimizing personalized treatments (Verhagen, 
Hasmi, Drukker, van Os, & Delespaul, 2016). However, for applying ESM to 
the individual patient, insight is needed in individual differences in vulnera-
bility for relapse and early response to treatment. Also, understanding of the 
working mechanisms of different relapse prevention strategies is needed.

This report aims to describe the theoretical rationale and study design 
for ‘Imagine your mood’, an innovative study exploring the potential for 
using ESM for informing personalized relapse prevention. In the ‘Imagine 
your mood’ study, data of both previously depressed and matched never de-
pressed individuals will be collected. ESM will be added to a three-arm re-
lapse prevention trial ‘Disrupting the rhythm of depression’ (Bockting et al., 
2011). This randomized controlled trial (RCT) investigates PCT while either 
continuing or tapering ADM as a relapse prevention strategy compared to 
continuation ADM in a sample of individuals diagnosed with remitted recur-
rent MDD.

Theoretical rationale
Relapse prevention strategies
Relapse prevention often consists of continuation of antidepressant medica-
tion (ADM) after the acute phase of depression (American Psychiatric Asso-
ciation, 2010). Meta-analyses show that ADM reduces risk of relapse (Glue et 
al., 2010; Hansen et al., 2008). However, many ADM users experience adverse 
side effects such as weight gain, sexual problems, and emotional numbing 
(Cartwright, Gibson, Read, Cowan, & Dehar, 2016; Kelly, Posternak, & Alp-
ert, 2008). In addition, many ADM users have difficulty with long-term ad-
herence to ADM (Bockting et al., 2008; ten Doesschate, Bockting, & Schene, 
2009). Discontinuation of ADM may also be problematic as individuals who 
wish to discontinue or taper their ADM may be hampered by withdrawal 
symptoms (Fava, Gatti, Belaise, Guidi, & Offidani, 2015) and discontinuing 
their ADM may leave them more vulnerable to relapse (Dobson et al., 2008; 
Hollon, Stewart, & Strunk, 2006; Vittengl et al., 2007).

Most patients prefer psychological treatment strategies (Prins, Ver-
haak, Bensing, & van der Meer, 2008; van Schaik et al., 2004). Several psy-
chological interventions have been developed specifically for preventing re-
lapse in depression, i.e. preventive cognitive therapy (PCT; Bockting et al., 
2005), mindfulness-based cognitive therapy (MBCT; Teasdale et al., 2000), 
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and wellbeing cognitive therapy (Fava, Rafanelli, Grandi, Conti, & Belluar-
do, 1998). Meta-analyses conclude that preventive psychological therapies 
reduce risk of relapse (Biesheuvel-Leliefeld et al., 2015; Clarke et al., 2015; 
Guidi et al., 2011; Piet & Hougaard, 2011; Vittengl et al., 2007), possibly even 
more than continuation of ADM after the acute phase of depression does 
(Biesheuvel-Leliefeld et al., 2015). Recently, two randomized controlled tri-
als (RCTs) have examined whether one of these psychological interventions 
(MBCT) may be a viable alternative to continuation of ADM for preventing 
relapse in depression. These studies show mixed results. Kuyken et al. (2015) 
found no difference in relapse rates within 24 months for a group of remitted 
recurrently depressed participants that continued ADM (49%, n = 212) com-
pared to a group that received MBCT with ADM tapering (44%, n = 212). Hui-
jbers et al. (2016), however, found significantly higher relapse rates (over 15 
months) for the group that received MBCT and tapered ADM (54%, n = 128) 
versus the group that received MBCT and continued ADM (39%, n = 121).

Thus, although both continuation of ADM (Glue et al., 2010; Hansen et 
al., 2008) and psychological interventions (Biesheuvel-Leliefeld et al., 2015; 
Clarke et al., 2015; Guidi et al., 2011; Piet & Hougaard, 2011; Vittengl et al., 
2007) can reduce the risk of relapse, many previously depressed individuals 
do relapse in the long run.

Experience sampling methodology
ESM data can be used to model temporal dynamics and individual networks 
in accordance with a network perspective on depression. In this perspective, 
depression is conceptualized as a complex dynamical system of interacting 
symptoms, cognitions, emotions, and behaviors (Cramer et al., 2016; Hayes, 
Yasinski, Barnes, & Bockting, 2015). Relapse may then be conceptualized as a 
transition of the network into a depressive state (Hosenfeld et al., 2015). Giv-
en that depression is highly heterogeneous (Fried & Nesse, 2015), these net-
works may vary greatly between individuals and ESM may be used to con-
struct personalized networks. These individual networks potentially contain 
indicators of vulnerability for relapse, including early warning signals of re-
lapse within an individual (van de Leemput et al., 2014).

A body of empirical literature is rapidly emerging that supports the po-
tential for ESM to contribute to personalizing interventions in depression 
(Verhagen et al., 2016). First, preliminary studies support the hypothesis that 
ESM provides information on vulnerability for relapse. Recently, temporal 
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dynamics of affect have been hypothesized to signal sudden transitions into 
and out of a depressive state. Indeed, higher inertia (the degree to which cur-
rent states can be predicted from previous states) was found in individuals 
at the brink of relapse (van de Leemput et al., 2014). Higher inertia of neg-
ative affective in particular is hypothesized to signal relapse (van de Leem-
put et al., 2014). Crucially, increased inertia within an individual may be an 
early warning signal of relapse. First evidence of such increased inertia was 
demonstrated in a previously depressed individual that attempted to taper 
his ADM (Wichers et al., 2016). The generalizability of this single case study 
is limited and requires replication. However, these findings demonstrate that 
individual networks may contain information about vulnerability for relapse. 
Further insight is needed in individual differences in these vulnerabilities.

Second, ESM allows for in-depth analyses of interrelations between 
cognitive mechanisms and affective vulnerabilities for relapse. For exam-
ple, an ESM design was used previously to examine the hypothesis that the 
negative affective impact of rumination contributes to depressive symp-
tomatology (Pasyugina, Koval, De Leersnyder, Mesquita, & Kuppens, 2015). 
Another mechanism of interest is mental imagery, frequently described as 
“seeing with the mind’s eye” (e.g. Kosslyn et al., 2001). Mental imagery has 
been related to stronger emotional responses to positive and negative stimuli 
(Holmes & Mathews, 2005; Holmes et al., 2008). However, it is unclear how 
mental imagery influences affect dynamics in daily life. Thus, ESM may elu-
cidate mechanisms that underlie vulnerability for relapse within a group of 
previously depressed individuals.

Third, ESM may be used to monitor early responses during different 
treatment strategies that may predict whether an individual will benefit 
from a treatment. The previously mentioned single case study (Wichers et 
al., 2016) suggests that ESM may be used to monitor such early responses 
in individuals using different relapse prevention strategies. In acute depres-
sion, early changes in affect were found predictive of treatment outcome 
(Geschwind et al., 2011). Affective disturbances may play a central role in the 
depressive network (Fried, Epskamp, Nesse, Tuerlinckx, & Borsboom, 2016), 
given that depression is an emotional disorder (American Psychiatric Asso-
ciation, 2013). The importance of affect after remission as a risk factor for 
depressive relapse is supported by the finding that mood as assessed using 
a one-item visual analogue scale (VAS) running from happy to sad has been 
found predictive of relapse (van Rijsbergen et al., 2015) even after five and a 
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half years (van Rijsbergen et al., 2012). ESM may capitalize on this predic-
tive value of affect, by examining whether early affective changes indicate 
whether an individual will for example be able to successfully taper ADM. 
However, whether early affective changes predict treatment outcome of dif-
ferent relapse prevention strategies has not yet been examined.

Fourth, ESM may provide new insights on potential mechanisms by which 
treatment strategies prevent depressive relapse. Psychological interventions 
and ADM may target vulnerability for relapse in different manners. This 
was first illustrated with ESM data in a study that investigated the effect of 
MBCT for individuals with residual depressive symptomatology. Using ADM 
during MBCT facilitated decrease in negative affect, but hampered increase 
in positive affect (Bakker et al., 2016). However, causal inferences based on 
this study are limited because the use of ADM was not randomly assigned. 
This study demonstrates that ESM may be used for uncovering differential 
pathways by which relapse prevention strategies may target affect in daily 
life. These differential effects of relapse prevention strategies may ultimately 
be used for tailoring interventions to individual affective vulnerability.

In sum, there are at least four routes to furthering personalized relapse 
prevention using ESM: exploring individual differences in vulnerability for 
relapse, examining (cognitive) mechanisms that contribute to (affective) 
vulnerability, interpreting early changes in response to treatment, and ex-
amining what mechanisms are differentially targeted by relapse prevention 
strategies.

Aims and hypotheses
The first aim of the ‘Imagine your mood’ study is to explore individual differ-
ences in vulnerability for future relapse. In addition to exploring between-in-
dividual differences, within-individual affective change will be explored as a 
potential precursor for relapse. It is hypothesized that within-individual in-
creases in negative affect and negative affective inertia may precede relapse. 
It will be examined whether such individual affective trajectories are spe-
cific to individuals at high risk of depressive relapse by examining these in a 
never depressed control group as well. By comparing ESM data of previously 
depressed and never depressed individuals, affective disturbances that may 
constitute vulnerability for depressive relapse will be explored. Second, how 
cognitive mechanisms interact with affective vulnerability for relapse will 
be examined. Specifically, how mental imagery is related to affect in daily 
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life will be investigated. Third, it will be examined whether early affective 
changes may be associated with successful tapering of ADM. It is hypoth-
esized that affective improvements in the first two weeks of tapering may 
be associated with successful tapering of ADM. Fourth, it will be explored 
how relapse prevention strategies may differentially target vulnerability for 
relapse by group-based comparison of the networks in the three arms of the 
RCT. Finally, several secondary outcome measures will be included for hy-
pothesis-generating purposes. In sum, this study combines the strengths of 
an RCT and ESM in a micro-trial to explore processing of change during dif-
ferent relapse prevention strategies.

Study design
This study is designed as a micro-trial that includes ESM to explore pro-
cessing of change during different relapse prevention strategies. Participants 
(N = 45) will be randomly allocated to either continuing ADM (n = 15), con-
tinuing ADM combined with an eight-session PCT (n = 15), or tapering of 
ADM in combination with PCT (n = 15). Current and previous depressive 
episodes will be monitored using telephonic interviews at the start of the 
study and after three, nine, 15, and 24 months. The ESM procedure will take 
place during the first eight weeks of the study (parallel to the PCT training 
for those individuals randomly allocated to receive PCT). Data of a never de-
pressed control group will be collected.

The addition of ESM to the RCT ‘Disrupting the rhythm of depression’ 
(Netherlands Trial Register: NTR1907) was approved by the medical ethical 
board of the University Medical Center Groningen (METc 2009/158). Eth-
ical approval for including never depressed individuals has been obtained 
from the University of Groningen Ethical Committee of the Psychology De-
partment (ppo-014-043). This study is funded by ZonMW: The Netherlands 
Association for Health Research and Development (171002401 and OOG 
Grant 100002035) and by NWO, the Netherlands Organization for Scientific 
Research (022.003.038).

Sample
The previously depressed sample will be recruited parallel to the three-armed 
RCT ‘Disrupting the rhythm of depression’ (Bockting et al., 2011). To be in-
cluded, participants have to be diagnosed with remitted, recurrent MDD, as 
defined according to the Diagnostic and Statistical Manual of Mental Disor-
ders (DSM–IV) and assessed by trained interviewers using the Structured 
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Clinical Interview for DSM–IV disorders (SCID-I; First, Spitzer, Gibbon, 
& Williams, 1997). Further inclusion criteria are a current score of ≤  10 on 
the Hamilton Rating Scale for Depression (HRSD; Hamilton, 1960), and use 
of continuation ADM in the last six months. Exclusion criteria are current 
mania or hypomania or a history of bipolar illness, any psychotic disorder 
(current and previous), organic brain damage, alcohol or drug dependency/
abuse, and predominant anxiety disorder. After inclusion, participants will 
be randomly allocated to one of the three arms of the study.

The matched never depressed sample will be recruited via advertise-
ments on social media, posters, and word of mouth. Participants will be se-
lected to match the previously depressed sample on age, gender, and educa-
tional level. Exclusion criteria are current or previous depressive episodes 
as assessed with the SCID-I, and use of ADM. Participants will receive a 10 
euro gift certificate.

Procedure
The procedure as described in the trial protocol of the RCT (Bockting et al., 
2011) will be followed, with the adjustments that PCT will be administered 
individually rather than in groups, and the addition of the ESM procedure. 
Participants randomized to a PCT condition will receive eight weekly ses-
sions of individual PCT, administered by trained psychologists using the 
treatment manual (Bockting, 2009). Participants randomized to ADM con-
tinuation (with or without PCT) will be advised to continue ADM in line 
with leading clinical guidelines (American Psychiatric Association, 2010; Na-
tional Collaborating Centre for Mental Health, 2004) and their general prac-
titioner or psychiatrist will also be informed. For participants randomized to 
the tapering condition, the instruction will be to gradually taper ADM in four 
weeks guided by their general practitioner or psychiatrist, who will also be 
informed and advised.

Smartphone application ‘Imagine your mood’
The experience sampling app ‘Imagine your mood’ has been developed and 
programmed using TEMPEST software (Batalas & Markopoulos, 2012). This 
app will enable participants to fill out the questionnaires on their own smart-
phone. If needed, a research-smartphone will be made available to partici-
pants. The questionnaire includes a section on affect and emotions, followed 
by questions about cognitions and imagery, and finally a section on activities. 
The application has been programmed to set triggers for questionnaires ten 
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times a day, three days a week (on Thursdays, Fridays, and Saturdays), for 
eight weeks, resulting in a maximum of 240 responses. The triggers are set 
semi-randomly, with one trigger per 90-minute interval between the hours 
of 7.30 and 22.30, and a minimum of 30 minutes between triggers.

During an approximately one-hour face-to-face briefing, a trained assis-
tant will install the app on the smartphone of a participant, explain the ESM 
procedure, elucidate the more difficult concepts, help practice the question-
naire, and answer any questions. Participants will be instructed to respond to 
a trigger as soon as possible, and answer the questionnaire about the moment 
just before the trigger. Participants will not be informed about the five-min-
ute time limit that is set on the questionnaire; they will be instructed that 
they are too late if the questionnaire is no longer available. Participants will 
receive weekly brief structured telephonic interviews to monitor the func-
tionality and use of the ‘Imagine your mood’ app. Participants will be invited 
to contact their assistant for questions or technical difficulties. An overview 
of assessments is provided in Table 5.1.

Measures
Affect
Momentary mood will be assessed with the mood scale (van Rijsbergen et 
al., 2012). Participants rated the question “at the moment, I feel…” on a VAS 
ranging from happy (0) to sad (100).

Table 5.1
Overview of assessments    

Instrument

Baseline ESM study 
period

Follow-up period (in months)

3 9 15 24

SCID-I + * * * *

HRSD + * * * *

ESM + (8 weeks)

Weekly calls + (8 weeks)

Note. ESM = Experience sampling methodology, + Both previously depressed 
and never depressed individuals, * Previously depressed individuals only.
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Adjectives to assess positive affect and negative affect were selected 
based on previous research (e.g. Wichers et al., 2015) and the adjectives de-
scribed in the diagnostic criteria of a depressive episode (American Psychi-
atric Association, 2013), and discussions in our research team. Ratings of the 
adjectives (on a 0–100 VAS) will be averaged to a positive affect (cheerful, 
enthusiastic, hopeful, content, energetic) and a negative affect (anxious, angry, 
lonely, irritated, down, suspicious, helpless, guilty, insecure) scale per moment 
per individual.

Degree of mental imagery
First, participants will be presented with instructions to identify what they 
had in mind just before the trigger, i.e. their mental representation. In the 
briefing, participants will be familiarized with this procedure and instructed 
as follows “you (almost) always have something in mind. Please take your time 
to recall what you had in mind just before the trigger. If you do not remember 
what you had in mind just before the trigger, please select the most recent thing 
you had in mind that you can remember.”

Participants will receive the following information about mental imag-
ery: “Sometimes you see things in mind, while you do not see those with your 
eyes at that moment. For example, when you recall a memory or when you 
imagine yourself doing something in the future. You can also experience this 
with other sensory modalities. With hearing, for example, when you have a song 
in your head. Can you for example remember the last time you did groceries, or 
that you were on vacation? What do you see in your mind’s eye? Can you hear 
the sounds in the memory? Or feel a physical sensation, like the sun on your face 
or perhaps an itch?”

Participants will rate the degree of visual mental imagery answering the 
question “I see it in my mind’s eye” on a VAS running from 0 to 100. Non-vi-
sual mental imagery will be assessed with the questions “(it) is an auditory 
sensation,” and “(it) is a physical sensation.”

Participants will rate the valence of their mental representation on a 
VAS ranging from negative (0) to positive (100).

Follow-up measures ( for previously depressed participants only)
The primary outcome measure of the ‘Disrupting the rhythm of depression’ 
RCT (Bockting et al., 2011) is the time-related proportion of depressive re-
lapse as assessed using the SCID-I at three, nine, 15 and 24 months (cur-
rent depressive symptomatology and previous three, six, or nine months). 



102

05

Chapter 5

102

Severity of depressive symptomatology at all time points will be assessed 
with the HRSD.

Successful tapering of ADM ( for previously depressed participants 
only)
The ADM dose will be assessed during the weekly telephonic interviews. 
Both a lenient and a stringent operationalization of successful tapering will 
be used. The lenient operationalization entails an ADM dose reduction 
of ≥ 0%, whereas the stringent operationalization additionally requires that 
the individual does not relapse into a depressive episode.

Measures for hypothesis-generating purposes
Impact of ESM
Additional measures will be included in the questionnaire to explore wheth-
er responding to the ‘Imagine your mood’ app may have an impact on af-
fect. After reporting on their emotions and mental representation just before 
the beep, participants will be asked to assess their current mood on a VAS 
ranging from happy (0) to sad (100) and their current anxiety (0–100). Fur-
thermore, at the end of the questionnaire participants will be asked to what 
degree filling out the questionnaire had bothered them (on a 0–100 VAS).

Mental representation
For exploratory reasons, several other aspects of the selected mental repre-
sentation (what I have in mind…) will be assessed (on 0–100 VASs). Concrete 
verbal thinking will be assessed with the questions “I think in words” and “I 
think in sentences.” Abstract verbal thinking (worry/rumination) has been 
included in the questionnaire using the following items: “I’m worrying,” “I 
think about my feelings,” “I wonder why I react the way I do,” and “I ana-
lyze the meaning of my feelings.” The intrusiveness will be assessed using the 
adjectives derived from Brewin et al. (2009): “distressing,” “uncontrollable,” 
”interfering,” and “vivid.” 

Additionally, participants will be asked to rate the degree to which the 
mental representation is personally relevant (0 = not personally relevant, 100 
= personally relevant), whether it refers to “the distant past” (0) or “the far 
future” (100), and whether they experience the tendency to approach (0) or 
avoid (100) what they had in mind. Momentary avoidance tendencies will 
be calculated by averaging this last rating with the rating on the question as 
to what degree they experience the tendency to approach (0) or avoid (100) 
their emotions.
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Physical complaints
Physical complaints will be assessed with the questions “I feel tired” and the 
recoded “I feel fit physically” (on 0–100 VASs).

Activities
Participants will be asked to identify their current activity and rate this activ-
ity on the following scales: “I like doing this,” “this activity requires effort,” “I 
feel I’m being active” (on 0–100 VASs) and select the category to which the 
activity belongs.

Participants will be asked to select the most important previous activity 
(stressor or event) in the two hours before the trigger, rate this activity on a 
VAS that runs from “unpleasant” (0) to “pleasant” (100), and select the cate-
gory to which the activity belonged.

Finally, participants will be invited to identify the most important future 
event in the next two hours, answer the question “I’m not looking forward to 
it” (lack of anticipatory pleasure) on a 0–100 VAS and select the category to 
which the event belongs.

Analyses
Different analyses will be used for the variety of research questions. The ex-
perience sampling data represent repeated measurement within individuals, 
and this nested structure will be taken into account in all the analyses. An 
important assumption in many time series analyses is stationarity (i.e. that 
processes do not change over time). This assumption will be handled either 
by removing the trends from the data, or by using analyses that do not as-
sume stationarity. Baseline characteristics of never depressed and previously 
depressed individuals will be compared to examine whether confounding 
factors may play a role.

First, individual differences in affect will be explored. For examining 
whether affective changes may signal future relapse, time-varying autore-
gressive time series models (Bringmann, Hamaker, Aubert, Borsboom, & 
Tuerlinckx, 2016) will be fitted for each individual. These models allow for 
the processes in the data to change over time and are excellently suited for 
examining the presence of such time-varying processes within individuals. 
Specifically, the presence of changes in the intercept and autoregressive pa-
rameter (see Equation 5.1) are examined to assess the presence of change in 
mean level and inertia of negative affect. These analyses will be performed 
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both in previously depressed and in never depressed individuals, to examine 
whether individual affective trajectories are specific to depressive relapse. 

Negative affectt = β0,t + β1,t Negative affectt-1+ ɛt

Second, how imagery-based processing may contribute to affective distur-
bances in daily life will be explored using mixed linear models. Trends over 
time will be removed from the data to prevent spurious correlations and data 
will be person-mean centered. Post-hoc analyses will be used to examine 
whether findings hold in both the previously depressed and never depressed 
groups.

Third, it will be examined whether early affective responses can pre-
dict successful tapering of ADM by analyzing the data of the first two weeks 
in the previously depressed participants randomized to PCT while tapering 
ADM. A bivariate vector-autoregressive Bayesian dynamic model (Krone, 
Albers, Timmerman, 2016) will be performed to model the time structure 
of the data. More specifically, the mean levels, inertia, and variability will be 
assessed. Subsequently, it will be examined how these measures of affect and 
affect dynamics are related to successful tapering of ADM. 

Finally, network modeling will be used in two exploratory ways to ex-
amine whether relapse prevention strategies in the three treatment arms of 
the RCT differentially target the network of dynamic interactions between 
cognitive, behavioral, and affective states. First, group-level network analy-
ses will be used to investigate potential differences in network architecture 
(e.g., centrality) between the three arms of the trial. Second, as intra-individ-
ual network modeling in the context of clinical trial data is still in the devel-
oping phase, it will be explored to which extent changes in network architec-
ture over time within individuals can be assessed.

Discussion
Both continuation of ADM and psychological interventions can reduce the 
risk of relapse in previously depressed individuals, but knowledge inform-
ing what works best for whom is needed. This micro-trial aims to explore 
how ESM may inform personalized relapse prevention strategies. Emotions, 
mental imagery, cognitions, and behaviors will be repeatedly assessed using 
the smartphone application ‘Imagine your mood’ in a group of previously de-
pressed individuals. The data will be collected alongside a three-armed RCT 

(5.1)
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‘Disrupting the rhythm of depression’ that investigates what works best in 
preventing relapse (i.e. continuation of ADM, the combination of ADM with 
PCT, or tapering ADM combined with PCT). Additionally, a control group of 
matched never depressed individuals will be included. The relatively limited 
number of participants included in this micro-trial (45 previously depressed 
and 15 matched never depressed individuals) will be compensated by the 
great number of repeated assessments (max 240) within each individual.

In sum, this study will explore four routes to furthering personalized 
relapse prevention using ESM: individual differences in vulnerability for re-
lapse, processes underlying affective vulnerability, within-individual change 
while undergoing different relapse prevention strategies and how these re-
late to successful tapering and prevention of relapse, and differential effects 
of relapse prevention strategies. These four approaches may be interde-
pendent. For example, examining how cognitive mechanisms contribute to 
affective vulnerability may be complemented by an understanding of how 
mechanisms are targeted by different relapse prevention strategies. The data 
may help unravel the role of individual differences in depressive relapse 
while undergoing different relapse prevention strategies. This may provide 
novel information on processes of change as a first step towards improving 
the protective effect of relapse prevention strategies by tailoring them to in-
dividual needs using experience sampling methodology.
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Abstract
Previously depressed individuals experience disturbances in affect. Affec-
tive disturbances may be related to visual mental imagery, given that imag-
ery-based processing of emotional stimuli causes stronger affective respons-
es than verbal processing in experimental laboratory studies. However, the 
role of imagery-based processing in everyday life is unknown. This study 
assessed mental imagery in the daily life of previously and never depressed 
individuals. Higher levels of visual mental imagery was hypothesized to be 
associated with more affective reactivity to both negatively and positively va-
lenced mental representations.

This study was the first to explore mental imagery in daily life using ex-
perience sampling methodology. Previously depressed (n = 10) and matched 
never depressed (n = 11) individuals participated in this study. Momentary 
affect and imagery-based processing were assessed using the ‘Imagine your 
mood’ smartphone application. Participants recorded on average 136 mo-
mentary reports over a period of 8 weeks.

The expected association between visual mental imagery and affec-
tive reactivity was not found. Unexpectedly, in both previously and never 
depressed individuals, higher levels of imagery-based processing of mental 
representations in daily life were significantly associated with better mo-
mentary mood and more positive affect, regardless of valence.

The causality of effects remains to be examined in future studies.
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Introduction
Major Depressive Disorder (MDD) is a highly recurrent mood disorder. Indi-
viduals who have previously experienced multiple depressive episodes are at 
a 60–90% risk of relapse (Eaton et al., 2008; Hardeveld et al., 2010; Moffitt et 
al., 2010). Affective reactivity in previously depressed individuals, i.e. chang-
es in affect in response to internal or external events, may play an important 
role in depressive relapse. Previously depressed individuals who responded 
to a sad mood induction with greater mood reactivity on a one-item mood 
scale running from happy to sad had shorter time to relapse (van Rijsber-
gen et al., 2013). Conversely, stronger positive affective reactivity to positive 
events in daily life were found protective of recurrence of depressive symp-
tomatology (Wichers et al., 2010).

Affect and depression seem closely related to mental imagery, as has 
been demonstrated by both laboratory studies and clinical research (for a re-
view, see Holmes et al., 2016). Mental imagery, defined as “representations 
and the accompanying experience of sensory information without a direct 
external stimulus” (Pearson et al., 2015), can be described as “seeing with the 
mind’s eye.” Mental imagery encompasses all modalities, although it is often 
predominantly visual, and visual mental imagery has accordingly been the 
focus of most previous studies (Weßlau & Steil, 2014). In non-clinical sam-
ples, imagery-based processing of positively valenced stimuli has been found 
to reduce negative affect (e.g. Holmes et al., 2008), increase positive affect 
(e.g. Nelis et al., 2015), and to dampen the affective impact of a sad mood in-
duction (Holmes et al., 2009). Conversely, imagery-based processing of neg-
atively valenced stimuli resulted in more anxiety (e.g. Holmes & Mathews, 
2005). Thus, in non-clinical samples, (multi-modal) imagery-based pro-
cessing strengthens affective responses to both positively and negatively va-
lenced stimuli.

In clinical studies, depression was associated with impairments in men-
tal imagery, such as reduced capability to imagine positive but not negative 
events (for a review, see Holmes et al., 2016). Previously depressed individu-
als reported lower vividness of positive memories after a sad mood induction 
than never depressed individuals (Werner-Seidler & Moulds, 2011). They 
also derived less affective benefit from recall of positive memories after a 
sad mood induction (Joormann et al., 2007), potentially due to a paucity of 
imagery-based processing (Werner-Seidler & Moulds, 2012). Indeed, experi-
mentally induced concrete (imagery-based) processing of a positive memory 
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facilitated mood repair compared to abstract verbal processing in both pre-
viously and never depressed individuals (Werner-Seidler & Moulds, 2012). 
These clinical studies indicate that impairments in positive imagery remain 
in previously depressed individuals and that affective disturbances may be 
related to imagery-based processing of positively valenced stimuli.

Imagery-based processing of negatively valenced stimuli, in contrast, has 
been hypothesized to strengthen negative affective reactivity in previously 
depressed individuals (Werner-Seidler & Moulds, 2012). However, how their 
imagery-based processing of negatively valenced stimuli may be associated 
with affect has, to the best of our knowledge, not yet been explored. Further-
more, the role of spontaneous mental imagery requires further elucidation, 
given that disturbances in positive mental imagery in depression may dimin-
ish when mental imagery is manipulated (Holmes et al., 2008).

This study explored how spontaneous use of visual imagery-based pro-
cessing of positively and negatively valenced stimuli is associated with af-
fect in the daily life of previously and matched never depressed individuals. 
Affect and mental imagery were repeatedly assessed in the flow of daily life 
using experience sampling methodology (ESM; Myin-Germeys et al., 2009). 
Affective reactivity was non-causally assessed, similarly to Wichers et al. 
(2010). It was operationalized as the levels of momentary mood, positive af-
fect, and negative affect while processing positively or negatively valenced 
mental representations, relative to those while processing neutrally valenced 
mental representations. It was hypothesized that, within individuals, higher 
levels of imagery-based processing would be associated with more affective 
reactivity to both positively and negatively valenced mental representations.

Materials and methods
Participants
Previously depressed participants were recruited from an extension of an 
ongoing trial ‘Disrupting the rhythm of depression’ (for details of this study, 
see Bockting et al., 2011). Individuals with a history of multiple depressive 
episodes, currently remitted and using antidepressant medication in the last 
six months were included in that study. Only participants randomized to the 
control arm of the trial were included in the current study, because the ther-
apy administered in the other arms potentially alters affect.

Never depressed participants were recruited via advertisements on so-
cial media, posters, and word of mouth. They were selected to match the 
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previously depressed participants on age, gender, and educational level. Ex-
clusion criteria were: current axis-I disorder or antidepressant medication 
use or a depressive episode in the past. These participants received a 10 euro 
gift certificate.

Of the 22 previously depressed participants eligible for this study, 12 
were not included in the final analyses, because they dropped out of the RCT 
(n = 7), refused to participate in the ESM addition (n = 4), or completed less 
than 30% of the questionnaires (n = 1; in line with Delespaul, 1995), resulting 
in a final sample of 10.

Of the 15 included never depressed participants, 4 were excluded be-
cause of inadequate compliance (Delespaul, 1995), resulting in a final sample 
of 11. Baseline characteristics are presented in Table 6.1. Ethical approval was 
obtained for the previously depressed participants from the University Med-
ical Center Groningen ethics committee (METc 2009/158) and for the never 
depressed participants from the University of Groningen Ethical Commit-
tee of the Psychology Department (ppo-014-043). All participants provided 
written informed consent.

Table 6.1
Baseline characteristics of previously and never depressed participants

Characteristic

Previously 
depressed

n = 10

Never 
depressed 

n = 11

Age, median (range) 48 (33–65) 50 (21–60)

Female, n (%) 9 (90) 09 (82)0

Marital status, n (%)

Single 3 (30) 03 (27)0

Married/cohabiting 6 (60) 08 (72)0

Divorced/widowed 1 (10) 0 (0)0

Education ≥ college n (%) 5 (50) 06 (55)0

Employed, n (%) 7 (70) 11 (100)

Current psychological treatment, n (%) 3 (30) n.a.

Number of depressive episodes, median (range) 5 (3–6) n.a.

4 to 6 previous episodes, n (%) 8 (80) n.a.

Note. n.a. = not applicable.
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Experience sampling method
The app ‘Imagine your mood’ was developed using TEMPEST software 
(Batalas & Markopoulos, 2012). Participants filled out the questionnaires 
on a smartphone. Triggers were set for questionnaires ten times a day, three 
days a week (on Thursdays, Fridays and Saturdays), for eight weeks, result-
ing in a maximum of 240 responses. The triggers were set semi-randomly, 
between the hours of 7.30 AM and 10.30 PM, with a maximum of one trigger 
per 90-minute interval and a minimum of 30 minutes between triggers.

During an approximately one-hour face-to-face briefing, a trained assis-
tant installed the app, explained the ESM procedure, and helped practice the 
questionnaire. Participants were requested to respond to a trigger as soon as 
possible and were not informed about the five-minute time limit, to prevent 
strategic responding and maximize the validity of the results. Participants 
were instructed to answer the questionnaire about the moment just before 
the trigger. The ESM process was monitored using weekly brief telephonic 
interviews.

Measures
Momentary mood (happy-sad)
Momentary mood was assessed with the one-item mood scale (van Rijsber-
gen et al., 2012). Participants rated the question “at the moment, I feel…” on a 
visual analogue scale (VAS) ranging from happy (0) to sad (100).

Momentary positive affect and negative affect
Adjectives to assess positive affect (PA) and negative affect (NA) were select-
ed based on previous research (e.g. Wichers et al., 2015) and discussions in 
our research team. Ratings of the adjectives (on 0–100 VASs) were averaged 
to a PA (cheerful, enthusiastic, hopeful, content, energetic) and NA (anxious, 
angry, lonely, irritated, down, suspicious, helpless, guilty, insecure) scale per 
moment per individual.

Degree of visual mental imagery and valence of mental representation
During the briefing, participants were familiarized with identifying what 
they had in mind, i.e. their mental representation, as follows: “You (almost) 
always have something in mind. Please take your time to recall what you had in 
mind just before the trigger. If you do not remember what you had in mind just 
before the trigger, please select the most recent thing you had in mind that you 
can remember.” Participants then received the following information about 
visual mental imagery: “Sometimes you see things in your mind that you do not 
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see with your eyes at that moment. For example, when you recall a memory or 
when you imagine yourself doing something in the future. Can you for example 
remember the last time you did groceries, or that you were on vacation? What 
do you see in your mind’s eye?”

In every questionnaire, participants were first presented with instruc-
tions to identify what they had in mind just before the trigger. Participants 
then rated the degree of visual mental imagery of the mental representation 
answering the question “I see it in my mind’s eye” on a 0–100 VAS. Other 
aspects of the mental representation, such as vividness and levels of verbal 
processing, were also assessed but are not used in the current study. Descrip-
tions of visual mental images participants had experienced that week were 
obtained in the weekly telephonic interviews.

Participants rated the valence of their mental representation on a VAS 
ranging from negative (0) to positive (100). Participants were instructed to 
maintain the standard value (50) to refer to a neutral state. Valence was re-
coded into a negative valence dummy variable (<50) and a positive valence 
dummy variable (>50), with neutral valence (50) as reference category.

Statistical analyses
Predictor variables were person-mean centered to prevent between-indi-
vidual differences to confound within-individual effects (Curran & Bauer, 
2011). To prevent spurious correlations resulting from trends in the data, the 
dependent variables and the degree of imagery-based processing were de-
trended as well as person-mean centered (saving residuals from fitting time 
as predictor in a linear regression).

Mixed linear models in STATA were used to account for the hierarchi-
cal structure of the data. The momentary observations (level 1) were nested 
within days (level 2), within weeks (level 3) within individuals (level 4). The 
model included the valence of the mental representation (dummy positive 
and dummy negative), the degree of imagery-based processing and the inter-
action terms between imagery and the valence dummies. Significant random 
effects were included in the model to allow coefficients to differ across indi-
viduals. Robust variance estimation was used to handle non-normal distri-
butions (using the option ‘vce(robust)’) and an autoregressive (AR1) cova-
riance structure was fitted to account for temporal dependency in the data. 
To maximize power for the expected interaction effect, all participants were 
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included in the primary analyses. Post-hoc analyses examined whether find-
ings hold in the previously depressed and never depressed groups.

Results
Examples of reported visual mental images
The responses during the weekly interviews displayed a broad range of men-
tal images. Previously depressed participants reported imagery-based an-
ticipation of everyday chores, such as going to the supermarket or feeding 
the cat. A variety of memories were reported on, including recalling mak-
ing cookies as a kid, replaying an argument at work, or memories of a dying 
mother. Future-oriented images included imagining receiving vaccines, and 
looking forward to a planned outing. Other examples were mentally redeco-
rating a terrace and thinking of not being able to ski while imagining others 
enjoying skiing. Two previously depressed participants often reported not to 
have experienced mental images, and to have thought in words and sentenc-
es only.

In the never depressed group, reported images included an image of a 
dish while trying to find the recipe, memories of heated discussions during a 
work-meeting, picturing potential decoration of a new house, and imagining 
a deceased friend still being alive. One never depressed individual reported 
to be often too busy to experience mental images.

Description of individual differences
Two observations can be made from the individual mean scores per group 
(summaries can be found in the supplemental materials). First, there were 
large individual differences in individual mean levels of imagery-based pro-
cessing, ranging from 10 to 78 in the previously depressed group, and from 
21 to 96 in the never depressed group. Second, mean levels of negative affect 
were low, ranging from 2 to 27 in the previously depressed group and from 2 
to 9 in the never depressed group.

Because of the small sample size, differences between groups were 
examined for informative purposes only. There were no significant differ-
ences between groups in imagery-based processing, PA, or valence of the 
mental representation (all Mann–Whitney Us > 28.0, all ps > .06). Levels of 
momentary mood (Mann–Whitney U = 20.0, p = .01) and NA (Mann–Whit-
ney U = 16.0, p = .01) were higher in the previously depressed group.
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The relation between imagery-based processing, valence, and affect
Parameter estimates from the multilevel models can be found in Table 6.2.

Momentary mood (happy-sad)
Visual mental imagery was not significantly associated with greater mood 
reactivity; the interactions between imagery-based processing and valence 
were not significant. A main effect of imagery-based processing was found, 

Table 6.2
Parameter estimates from the multilevel models of the primary outcome 
measures

Momentary mood
(happy-sad)

PA NA

Fixed effects
B

[95% CI]
B

[95% CI]
B

[95% CI]

Positive valence
--3.38**

[-4.80, -1.97]

--4.52**

[-2.79, -6.25]

--0.47**

[-0.94, -0.01]

Negative valence
--4.18**

[-1.50, -6.89]

--2.92**

[-4.75, -1.10]

--2.45**

[-1.16, -3.72]

Imagery
--0.04**

[-0.06, -0.02]

--0.07**

[-0.04, -0.11]

--0.007*

[-0.017, 0.003]

Imagery*Positive valence
--0.02**

[-0.06, -0.01]

--0.03**

[-0.11, -0.05]

--0.01**

[-0.04, -0.01]

Imagery*Negative valence
--0.06**

[-0.15, -0.03]

--0.03**

[-0.11, -0.06]

--0.04**

[-0.07, -0.01]

Random effects
SD2

[95% CI]
SD2

[95% CI]
SD2

[95% CI]

Positive valence
-10.74**

[4.89, 23.63]

Negative valence
-29.92**

[13.36, 66.98]

--6.61**

[2.34, 18.65]

Note. Positive and Negative valence are dummy coded (0/1). Neutral valence 
is the reference category.
PA = positive affect, NA = negative affect.
* p < .05, ** p < .001.
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indicating that higher levels of visual mental imagery were associated with 
better mood. The main effects for the positive and negative valence dummies 
were significant and the latter was qualified by a significant random effect. 
This indicates individual differences in mood reactivity in response to nega-
tively valenced mental representations.

Momentary positive affect
Visual mental imagery was not significantly associated with positive affec-
tive reactivity. Unexpectedly, a main effect of imagery-based processing was 
found, indicating that higher levels of imagery-based processing were asso-
ciated with more PA, regardless of valence. The main effects for positive and 
negative valence were significant as well. Individual differences were found 
in positive affective reactivity in response to positively valenced mental rep-
resentations, as expressed by a significant random effect.

Momentary negative affect
For NA, visual mental imagery was associated with affective reactivity, as ev-
idenced by a significant interaction effect between negative valence and im-
agery-based processing. However, opposite to expectation, higher levels of 
imagery-based processing were associated with dampened negative affective 
reactivity in response to negatively valenced mental representations. There 
were no significant main effects for positive valence or imagery-based pro-
cessing, nor was there a significant interaction between positive valence and 
imagery-based processing. The main effect of negative valence was qualified 
by a random slope, indicating significant individual differences in negative 
affective reactivity.

Additional analyses
The additional analyses are described in the supplemental materials. Post-
hoc analyses for the previously depressed and never depressed individuals 
demonstrate that the unexpected main effect of visual mental imagery on 
PA and mood held in both groups. However, the association between imag-
ery-based processing and negative affective reactivity to negative valence 
was not significant in either group. In line with the primary analyses, imag-
ery-based processing was not associated with affective reactivity in either 
group.

Additional exploratory analyses were performed to further explore the 
absence of the expected association between visual mental imagery and af-
fective reactivity. The hypothesized interaction effect was also absent when 
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the contrast between the valence dummies was maximized, i.e. the valence 
dummies were recoded, so that positive valence served as the reference cat-
egory. Also, analyses of the single NA items (such as anxious or helpless) did 
not reveal the expected interaction (with the exception for the single item 
down, where imagery-based processing was associated with more reactiv-
ity to positively valenced mental representations). Finally, removing trends 
from the data did not have a significant impact on the results.

Discussion
This study investigated the relation between visual mental imagery and af-
fect within the daily life of previously depressed and never depressed indi-
viduals. Contrary to our hypothesis, the results showed that visual mental 
imagery was not significantly associated with positive, negative or mood re-
activity. Instead, imagery-based processing was significantly associated with 
more positive affect and better mood, regardless of the valence of the mental 
representation. These results were consistent across previously and never 
depressed individuals in post-hoc analyses. In daily life, which appears piv-
otal for psychopathology and well-being (Myin-Germeys et al., 2009), men-
tal imagery may be associated with boosted positive affect and mood.

Furthermore, visual mental imagery was associated with reduced nega-
tive affective reactivity to negatively valenced mental representations. Vari-
ance in negative affect may have only occurred while processing negatively 
valenced mental representations, given that a floor effect hampered analyses 
of negative affect. This finding is opposite to expectation, but corresponds 
with the finding in this study that moments in daily life with higher levels 
of imagery-based processing were associated with more positive affect and 
better mood. This, in turn, is in line with the experimental finding that con-
crete (imagery-based) processing of positive autobiographical memories 
results in better mood repair (Werner-Seidler & Moulds, 2012). However, 
imagery-based processing of negatively valenced stimuli strengthened neg-
ative affective reactivity in non-clinical experimental studies (e.g. Holmes & 
Mathews, 2005).

Large individual differences in mean levels of visual mental imagery 
were observed within the groups of previously and never depressed indi-
viduals. These individual differences may be clinically relevant, because the 
effect of imagery-based interventions appears to be dependent on a certain 
baseline level of imagery-based processing (Holmes et al., 2016; Steel et al., 
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2010). The visual mental images described in the weekly interviews illustrate 
nicely how diverse the content of mental imagery may be. These weekly re-
sponses are probably not representative of mental representations in daily 
life. Some examples were of rather extreme nature (e.g. remembering a dying 
mother), whereas mental imagery in daily life is probably most often more 
neutrally valenced (e.g. a mental grocery-list). To the best of our knowledge, 
this study is the first to assess imagery-based processing in previously and 
never depressed individuals as it occurs spontaneously in daily life. ESM may 
be particularly suited to overcome the “inherently private nature” of mental 
imagery (Pearson et al., 2015).

Importantly, in contrast to experiments showing that mental imagery 
strengthens affective responses, the current results are correlational in na-
ture and do not allow for causal inferences. Several alternative explanations 
for the discrepancies with previous findings may be formulated. First, the 
relationship between affect and imagery may be reversed in daily life; bet-
ter mood may allow for more imagery-based processing (Werner-Seidler & 
Moulds, 2011). Second, a third variable may influence both levels of imag-
ery-based processing and affect. Third, the causal short-term effects of imag-
ery-based processing studied in experiments may differ from the combina-
tion of short- and long-term associations that may be captured using ESM. 
Imagery-based processing of a negative memory, for example, may initially 
result in strong affective reactivity and more successful processing, resulting 
in less affective reactivity associated with future imagery-based recall of that 
memory. Alternatively, imagery in daily life may be qualitatively different 
from that in the experimental studies. Visual mental imagery as assessed in 
daily life in the current study was presumably more spontaneously generated 
and personally relevant. The causality of the association between affect and 
imagery-based processing in daily life remains to be tested in experimental 
experience sampling studies.

Other limitations of this study include the non-validated, single-item as-
sessment of visual imagery-based processing. Although such measures are 
inherent to ESM studies (Bennik, Nederhof, Ormel, & Oldehinkel, 2014), this 
may have resulted in random measurement error and reduced validity. Fur-
thermore, the small sample size poses a potential power problem and pre-
cluded investigation of potentially relevant between-subject effects. How-
ever, a recent study suggests that because of the many measurements per 
participant, the current study is likely to have been adequately powered do 
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detect the hypothesized within-subject effects (Krone, Albers, & Timmer-
man, 2016). Generalization to a previously depressed population might be 
limited given the low number of participants and given that their antidepres-
sant use may have altered their affect and confounded the results (Peeters, 
Berkhof, Delespaul, Rottenberg, & Nicolson, 2006). Finally, previously de-
pressed participants were recruited at a time of stable remission, and return 
of depressive symptomatology may have occurred during the study period. 
Structural changes in levels of affect were eliminated in the analyses, but 
changes in affective reactivity may have remained. Future studies may exam-
ine whether changes in affective reactivity are related to mental imagery and 
depressive relapse.

In conclusion, unexpectedly, higher levels of visual imagery-based pro-
cessing were not significantly associated with affective reactivity in daily life. 
Of great interest however, within previously and never depressed individuals 
higher levels of visual mental imagery were significantly associated with bet-
ter mood and more positive affect, regardless of valence.
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Table 6.3
Descriptive statistics of the number of completed questionnaires and individual 
mean per group

Previously
depressed

(n = 10)

Never
depressed

(n = 11)

Variable Median Range Median Range

Completed questionnaires 152 77–194 132 73–218

Momentary mood 040 11–490 030 08–410

Positive affect 046 18–870 060 35–850

Negative affect 008 02–270 005 02–900

Visual mental imagery 057 10–780 056 21–960

Valence of mental representation (%)

Negative 024 03–390 16 03–4100

Neutral 026 01–520 12 01–4800

Positive 048 13–950 72 37–9600

Supplemental materials
The mean scores were calculated per individual for momentary mood, posi-
tive affect, and negative affect, as well as the percentages of negatively, neu-
trally, and positively valenced mental representations. The median and range 
of these individual scores and the number of completed questionnaires are 
presented in Table 6.3.

Analyses in the subgroups of previously and never depressed 
individuals
Analyses of the primary outcome measures were repeated post-hoc in the 
subgroups of previously and never depressed individuals, to examine wheth-
er effects of imagery in the primary analyses hold in these subgroups. The re-
sults are shown in Table 6.4 and Table 6.5. In line with the primary analyses, 
there was a main effect of imagery-based processing on positive affect and 
mood in both subgroups, that was not qualified by interactions with valence. 
Visual mental imagery was associated with more positive affect and better 
mood in both previously and never depressed individuals. In contrast to the 
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primary analyses, imagery-based processing was not found to dampen the 
negative affective response to negatively valenced stimuli in either subgroup. 
Overall, the effects of imagery-based processing in the previously depressed 
sample appear highly comparable to those in the never depressed sample 
and those in the primary analyses (including both groups).

Table 6.4
Parameter estimates from the multilevel models for the previously depressed 
individuals

Momentary mood

(happy–sad)

PA NA

Fixed effects

B

[95% CI]

B

[95% CI]

B

[95% CI]

Positive valence
0-2.77*

[-4.62, -0.92]

-2.66*

[-0.81, -4.52]

-0.36-

[-1.09, 0.37]

Negative valence
-4.52*

[-0.31, -8.72]

-3.26*

[-5.43, -1.10]

-2.71*

[-0.62, 4.79]

Imagery
-0.04*

[-0.06, -0.01]

-0.07*

[-0.02, -0.11]

-0.006

[-0.015, 0.002]

Imagery*Positive valence
-0.02-

[-0.08, -0.04]

-0.03-

[-0.09, -0.03]

-0.003

[-0.04, 0.04]

Imagery*Negative valence
-0.05-

[-0.13, -0.03]

-0.04-

[-0.11, -0.03]

-0.02-

[-0.06, 0.06]

Random effects

SD2

[95% CI]

SD2

[95% CI]

SD2

[95% CI]

Positive valence
-5.59*

[1.17, 26.76]

Negative valence
39.10*

[12.23, 124.98]

-7.71*

[2.06, 28.79]

Note. Positive and Negative valence are dummy coded (0/1). Neutral valence 
is the reference category.
PA = positive affect, NA = negative affect.
* p < .05, ** p < .001.
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Table 6.5
Parameter estimates from the multilevel models for the never depressed 
individuals

Momentary mood

(happy-sad)

PA NA

Fixed effects

B

[95% CI]

B

[95% CI]

B

[95% CI]

Positive valence
-4.31**

[-4.60, -2.02]

06.39**

[03.75, 09.03]

-0.78*

[-1.40, -0.16]

Negative valence
03.4900

[-0.43, 07.42]

-2.3700

[-5.55, 00.80]

01.92*

[00.48, 03.36]

Imagery
-0.04*0

[-0.07, -0.01]

00.08*0

[00.03, 00.12]

-0.008

[-0.03, 00.01]

Imagery*Positive valence
-0.0400

[-0.10, 00.03]

00.0200

[-0.10, 00.14]

-0.03*

[-0.04, -0.01]

Imagery*Negative valence
-0.0800

[-0.10, 00.16]

00.0020

[-0.18, 00.18]

-0.060

[-0.12, 0.002]

Random effects

SD2

[95% CI]

SD2

[95% CI]

SD2

[95% CI]

Positive valence
11.17*0

[04.87, 25.61]

Negative valence
19.60*0

[07.16, 53.67]

05.02*

[00.92, 27.48]

Note. Positive and Negative valence are dummy coded (0/1). Neutral va-
lence is the reference category.
PA = positive affect, NA = negative affect.
* p < .05, ** p < .001.

Analyses with greater contrast  — Comparing negative valence to 
positive valence, rather than to neutral valence
In the primary analyses, the expected interaction between imagery-based 
processing and valence of the mental representation was not found. It was 
explored whether this could possibly be the result of choosing neutral va-
lence as the reference category against which the effects of positive and 
negative valence were contrasted. In additional analyses, positive valence 
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was therefore chosen as reference category, so that the relatively larger dif-
ference between positive and negative valence could be modelled. The re-
sults, shown in Table 6.6, demonstrate no significant interaction between 
imagery-based processing and valence. Thus, the absence of the expected 
strengthening effect of imagery-based processing for affective responses to 
positive and negative stimuli does not seem to be the result of choosing neu-
tral valence as a reference category.

Table 6.6
Parameter estimates from the multilevel models of the primary outcome 
measures with greater contrast

Momentary mood

(happy-sad)
PA NA

Fixed effects

B

[95% CI]

B

[95% CI]

B

[95% CI]

Neutral valence
03.38**

[01.96, 04.80]

-4.52**

[-6.26, -2.80]

00.4700

[-0.05, 0.940]

Negative valence
07.58*0

[04.77, 10.38]

-7.45**

[-9.58, -5.32]

02.91**

[01.72, 04.11]

Imagery
-0.04**

[-0.06, -0.02]

00.07**

[00.04, 00.11]

-0.0070

[-0.017, 0.003]

Imagery*Neutral valence
00.0200

[-0.02, 00.06]

-0.0300

[-0.05, 00.11]

00.0100

[-0.01, 00.04]

Imagery*Negative valence
-0.0400

[-0.12, 00.06]

-0.0100

[0-0.6, 00.08]

-0.0300

[-0.07, -0.01]

Random effects

SD2

[95% CI]

SD2

[95% CI]

SD2

[95% CI]

Neutral valence
10.74*0

[04.89, 23.63]

Negative valence
29.92*0

[13.36, 66.98]

06.61*0

[02.34, 18.65]

Note. Negative and Neutral valence are dummy coded (0/1). Positive valence 
is the reference category.
PA = positive affect, NA = negative affect.
* p < .05, ** p < .001.
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Analyses on single negative affect items 
It was hypothesized that imagery-based processing would strengthen af-
fective responses, based on experimental studies that focused mainly on 
the negative emotion anxiety (e.g. Holmes & Mathews, 2005; Holmes et al., 
2008). Therefore, it was explored whether analyses of the single negative 
affect items, rather than the mean NA score, would reveal the expected inter-
action between visual mental imagery and valence. These exploratory analy-
ses are presented in Table 6.7. Comparable to the results of the primary anal-
yses, these results suggest that imagery is not associated with strengthened 
affective responses (with the exception for the single item down, where im-
agery-based processing strengthened the effect of positively valenced mental 
representations). Opposite to the expectation, dampened affective responses 
to negative stimuli were found for the single items down, angry, suspicious 
and guilty. However, this effect was not found for the single items anxiety, 
lonely, irritation, helplessness, or insecure. Thus, the additional analyses of 
the single items also do not reveal the expected strengthened negative affec-
tive responses.
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Analyses without detrending
To prevent spurious correlations, trends over time were removed from the 
data. It was explored whether thus detrending the data significantly impact-
ed the results by repeating the analyses without detrending. As can be seen 
in Table 6.8, the results without detrending are highly similar to the primary 
analyses. It appears that detrending the data did not significantly impact re-
sults.

Table 6.8
Parameter estimates from the multilevel models of the primary outcome 
measures without detrending

Momentary mood

(happy-sad)
PA NA

Fixed effects

B

[95% CI]

B

[95% CI]

B

[95% CI]

Positive valence
-3.61**

[-4.83, -2.38]

04.48**

[02.90, 06.28]

-0.4900

[-0.98, 0.001]

Negative valence
04.02*0

[01.18, 06.85]

-2.85*0

[-4.67, -1.05]

02.43**

[01.18, 03.67]

Imagery
-0.04*0

[-0.06, -0.01]

00.07**

[00.04, 00.10]

-0.0060

[-0.017, 0.004]

Imagery*Positive valence
-0.0200

[-0.13, 00.03]

-0.0300

[-0.09, 00.03]

-0.0100

[-0.03, 00.02]

Imagery*Negative valence
-0.0700

[-0.13, 00.01]

-0.0050

[-0.08, 00.07]

-0.04*0

[-0.08, -0.001]

Random effects

SD2

[95% CI]

SD2

[95% CI]

SD2

[95% CI]

Positive valence
10.66*0

[04.90, 23.22]

Negative valence
32.07*0

[15.63, 65.79]

06.65*0

[02.37, 18.66]

Note. Positive and Negative valence are dummy coded (0/1). Neutral valence 
is the reference category.
PA = positive affect, NA = negative affect.
* p < .05, ** p < .001.
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Abstract
In individuals at risk of depressive relapse, increases in negative affect and 
affective inertia potentially signal future relapse. This study explored wheth-
er individual negative affective trajectories in remitted previously depressed 
individuals undergoing different relapse prevention treatments can be de-
tected using experience sampling methodology, and their potential clinical 
relevance.

Affect was repeatedly assessed in daily life for eight weeks. Sufficient re-
sponses to be eligible for analyses were provided by 42 (out of 72) previous-
ly depressed participants, and eleven (out of 15) matched never depressed 
controls. Previously depressed individuals had been randomly assigned to 
continuation of antidepressant medication (n = 10), continuation of antide-
pressant medication with preventive cognitive therapy (n = 15), or tapering 
of antidepressant medication with preventive cognitive therapy (n = 17). Re-
lapse was monitored during a 15-month follow-up.

Of the 42 previously depressed participants, 22 relapsed (52%). The re-
sults of the time-varying autoregressive analyses showed that no participant 
demonstrated the expected increased negative affective inertia. Increases in 
negative affect were observed in a small proportion (9%) of previously de-
pressed individuals who subsequently relapsed. Decreases in negative affect 
or negative affective inertia were observed in nine individuals, five of whom 
(56%) nevertheless relapsed later. One never depressed individual demon-
strated decreased negative affective inertia.

The results demonstrate that individual affective trajectories can be 
assessed in individuals receiving relapse prevention treatment. That these 
trajectories vary greatly from person to person might open up the possibility 
of tailoring interventions to individual affective responses. However, given 
their limited relation to subsequent relapse, the clinical relevance of these 
affective trajectories is currently uncertain.
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Introduction
Major Depressive Disorder (MDD) is characterized by a chronic and high-
ly recurrent course (Bockting et al., 2015; Mueller et al., 1999). Individuals 
who have experienced multiple previous depressive episodes are at a very 
high risk of relapse, ranging from 60 to 90% (Eaton et al., 2008; Hardeveld 
et al.,2010; Moffitt et al., 2010). Relapse prevention in previously depressed 
individuals is therefore essential for reducing the burden of MDD. In this pa-
per, it is explored whether individual differences in affective trajectories can 
be discerned, that may ultimately inform personalized relapse prevention in 
depression.

Evidence-based relapse prevention treatments include continuation of 
antidepressant medication (ADM) after the acute phase and psychological 
relapse prevention interventions that start after remission, such as preven-
tive cognitive therapy (PCT; Bockting et al., 2005) and mindfulness-based 
cognitive therapy (MBCT; Teasdale et al., 2000). Meta-analyses of random-
ized controlled trials (RCT) conclude that risk of relapse can be reduced 
by continuation ADM (Glue et al., 2010), preventive psychological therapy 
(Biesheuvel-Leliefeld et al., 2015; Clarke et al., 2015; Piet & Hougaard, 2011; 
Vittengl et al., 2007), or the combination of both (Guidi et al., 2011).

Although the results of the abovementioned RCT’s demonstrate that dif-
ferent relapse prevention strategies do reduce risk of relapse at a group-level, 
many individuals do still experience a subsequent episode despite their use 
of relapse prevention strategies (Guidi, Tomba, & Fava, 2016). There may be 
highly relevant individual differences within a group of a RCT, and the av-
erage effect of a treatment does not apply to every individual in that group 
(Verhagen et al., 2016). For example, subgroups of individuals have been 
identified that respond differently to antidepressant medication (Smagula et 
al., 2015; Uher et al., 2011) and individual differences in response to relapse 
prevention therapy have been found (Ietsugu et al., 2015).

Identifying relevant individual differences may be a promising avenue 
for personalizing relapse prevention strategies, which is one of the current 
challenges of psychological treatment research (Kazdin, 2016). Individual 
differences in affective change may be highly relevant. Higher levels of neg-
ative affect have repeatedly been found prospectively predictive of future re-
lapse (Charles et al., 2013; Rucci et al., 2011), even when assessed once after 
remission using a one-item baseline measure of momentary affect (de Jonge 
et al., 2017; van Rijsbergen et al., 2012; van Rijsbergen et al., 2015). These 
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levels of affect have been hypothesized to represent individual differences 
in vulnerability for future relapse (de Jonge et al., 2017). Affective distur-
bances are at the core of the diagnosis of MDD (American Psychiatric Asso-
ciation, 2013) and levels of affect may change over time (Koval & Kuppens, 
2012). Therefore, potentially, higher levels of negative affect may also repre-
sent within-individual changes in vulnerability for relapse. Examining these 
within-individual changes may be the way forward (Hamaker, 2012).

Indeed, within-individual affective changes may characterize transi-
tions into and out of a depressive state (Hosenfeld et al., 2015), as set forth 
by the complex dynamical system perspective on depression (Cramer et al., 
2016; Hayes et al., 2015). These transitions may differ from person to person, 
as some individuals gradually transition into a depressive state and others ex-
perience abrupt transitions (van de Leemput et al., 2014). It is hypothesized 
that gradual transitions are characterized by increases in negative affect. 
Further, based on the theoretical framework of abrupt transitions (Scheffer 
et al., 2012), it is hypothesized that abrupt transitions into a depressive state 
are preceded by increased negative affective inertia (van de Leemput et al., 
2014). Affective inertia refers to the degree to which affect at one point in 
time can be predicted by the previous point in time, a process in which the 
dynamical system of affect has a tendency to remain as it is (Kuppens, Allen, 
& Sheeber, 2010). One study indeed demonstrated that higher levels of af-
fective inertia may be a precursor of an abrupt transition into a depressive 
state in a large group of females from the general population (van de Leem-
put et al., 2014). Whether these effects were attributable to between-indi-
vidual differences or within-individual change could not be determined, be-
cause within-individual change was not assessed. In sum, within-individual 
increases in negative affect as well as increases in negative affective inertia 
may be early warning signals of future relapse (van de Leemput et al., 2014; 
Wichers et al., 2016).

Empirical studies on these individual transitions in depression are 
scarce. To our knowledge, no studies to date examined whether significant 
within-individual affective change could be detected in a group of previous-
ly depressed individuals undergoing different relapse prevention strategies. 
Recently, a case study examined whether a within-individual increase in in-
ertia preceded relapse in a previously depressed individual who was tapering 
his antidepressant medication (Wichers et al., 2016). As expected, this partic-
ipant showed increased inertia during the period from tapering of ADM until 
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his sudden relapse. However, the generalizability of this single-case study 
is limited and should be replicated in a larger sample, and the specific role 
of change in mean levels of negative affect and negative affective inertia in 
depressive relapse remains to be clarified. In sum, the literature to date is 
limited, but does suggest that increased affective inertia may function as an 
early warning signal of an abrupt transition into a depressive state (Wichers 
et al., 2016).

Affective inertia and changes therein can be assessed using experience 
sampling methodology (ESM). With ESM, affect is repeatedly assessed 
throughout the course of daily life. The resulting time series of affect provide 
information on how levels of affect and affective inertia may change within 
an individual. Recently developed time series analyses can simultaneously 
model within-individual changes in both mean levels and inertia (Bring-
mann et al., 2016). Thereby, ESM may be ideally suited for unveiling with-
in-individual affective change.

The current paper describes a tentative step towards detecting individ-
ual negative affective trajectories that may signal future relapse using ESM. 
The primary aim of the current study was to examine whether individual dif-
ferences in trajectories during different relapse prevention strategies could 
be discerned within groups of currently remitted individuals at high risk for 
depressive relapse. It was hypothesized that affective trajectories would vary 
from person to person. To this end, remitted recurrently depressed individu-
als were recruited and included alongside a relapse prevention trial ́ Disrupt-
ing the rhythm of depression´ (Bockting et al., 2011). In this RCT, participants 
were randomized to PCT while tapering continuation ADM (PCT – ADM), 
to continuation ADM (ADM), or to the combination of both (PCT + ADM). 
The aim of the current paper is to utilize the context of the RCT to examine 
whether different individual affective trajectories may be discerned with-
in groups of individuals assigned to the same relapse prevention strategy. 
Comparing the different arms of the trial is beyond the scope of this paper. A 
matched never depressed control group was added to examine whether such 
within-individual affective changes are specific for previously depressed in-
dividuals receiving relapse prevention treatments.

A second aim of this study is to tentatively explore whether these indi-
vidual trajectories during treatment are indeed relevant for subsequent de-
pressive relapse. To this end, it was descriptively explored whether increases 
in negative affect or negative affective inertia might signal future depressive 
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relapse as assessed using repeated clinical interviews over 15 months. It was 
hypothesized that increases in negative affect or negative affective inertia 
would be discerned in a subset of individuals that relapsed and that decreases 
in negative affect and negative affective inertia would be observed that might 
signal decreased vulnerability for depressive relapse. If indeed individual 
affective trajectories can be discerned that are predictive of future relapse, 
these may be an important first step towards the development of innovative 
personalized relapse prevention strategies.

Materials and method
Participants
Remitted recurrently depressed individuals were recruited alongside the 
RCT ‘Disrupting the rhythm of depression’. Participants were included in 
this RCT when they satisfied the following three criteria:

1. they had a history of at least two previous depressive episodes, as 
assessed with the Structured Clinical Interview for DSM-IV (SCID-I; 
First et al., 1997).
2. were currently remitted (score ≤ 10 on the Hamilton Rating Scale 
for Depression; HRSD; Hamilton, 1960)
3. and used antidepressant medication for at least six months.
More details of the in- and exclusion criteria of the RCT ‘Disrupting the 

rhythm of depression’ are described in Bockting et al. (2011). Ethical approv-
al had been obtained from the ethics committee of the University Medical 
Centre Groningen (METc 2009/158) for the ‘Disrupting the rhythm of de-
pression’ trial as well as for the addendum on the ESM study in a subsample 
of the RCT.

As depicted in the flowchart in Figure 7.1 (for a more detailed flowchart, 
see supplemental materials), 72 participants were eligible for inclusion in the 
current study. In line with Delespaul (1995), only participants who complet-
ed more than 30% (72 out of the possible maximum of 240) of the reports 
were eligible for analyses, resulting in a sample of 42 previously depressed 
individuals eligible for analyses in the current study.

Never depressed participants were recruited via advertisements on so-
cial media, posters, and word of mouth. They were selected to match the 
previously depressed participants on age, gender and educational level. Ex-
clusion criteria were any current axis-1 disorder or a depressive episode in 
the past, as assessed with the SCID-I, and current use of ADM. Of the 15 
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Figure 7.1. 
Flowchart from recruitment for the additional ESM study to eligibility for 
analyses.

included never depressed participants, four participants were insufficiently 
compliant (Delespaul, 1995), resulting in a final sample of 11. Ethical approval 
for this never depressed sample was obtained from the University of Gronin-
gen Ethical Committee of the Psychology Department (ppo-014-043). Nev-
er depressed participants received a 10 euro gift certificate. All participants 
provided written informed consent. The baseline characteristics for the pre-
viously depressed and never depressed groups can be found in Table 7.1.

Procedure
The procedure as described in the RCT protocol (Bockting et al., 2011) was 
followed, with the adjustment that PCT was administered individually rath-
er than in groups, and the addition of the ESM procedure (described below). 
Participants in the PCT + ADM and PCT – ADM groups received eight week-
ly sessions of individual PCT, administered by trained psychologists using the 



136

07

Chapter 7

136

Ta
bl

e 
7.1

D
em

og
ra

ph
ic

 c
ha

ra
ct

er
is

ti
cs

C
ha

ra
ct

er
is

ti
c

A
D

M
(n

 =
 10

)
PC

T
 +

 A
D

M
 (n

 =
 15

)
PC

T
 –

 A
D

M
(n

 =
 17

)
N

ev
er

 d
ep

re
ss

ed
(n

 =
 11

)

A
ge

, m
ed

ia
n 

(r
an

ge
)

48
 (

33
-6

5)
52

 (
27

-6
4)

55
 (

30
-6

8)
50

 (
21

-6
0)

Fe
m

al
e,

 n
 (%

)
09

 (
90

)
11

 (
73

)
09

 (
53

)
09

 (
82

)

M
ar

it
al

 s
ta

tu
s,

 n
 (%

)

Si
ng

le
03

 (
30

)
02

 (
13

)
07

 (
41

)
03

 (
27

)

M
ar

ri
ed

/c
oh

ab
it

in
g

06
 (

60
)

11
 (

73
)

09
 (

53
)

08
 (

73
)

D
iv

or
ce

d/
w

id
ow

ed
01

 (
10

)
02

 (
13

)
01

 (
6)

00
 (

0)

E
du

ca
ti

on
 ≥

 c
ol

le
ge

, n
 (%

)
05

 (
50

)
09

 (
60

)
11

 (
65

)
06

 (
55

)

E
m

pl
oy

ed
, n

 (%
) 

07
 (

70
)

08
 (

53
)

06
 (

35
)

11
 (

10
0)

H
R

SD
 a

t b
as

el
in

e,
 m

ed
ia

n 
(r

an
ge

)
01

 (
0-

9)
02

 (
0-

10
)

02
 (

0-
10

)
00

 (
0-

2)

N
um

be
r 

of
 p

re
vi

ou
s 

de
pr

es
si

ve
 

ep
is

od
es

, m
ed

ia
n 

(r
an

ge
)

05
 (

3-
6)

04
 (

2-
35

)
04

 (
2-

10
)

0n
.a

.

N
ot

e.
 H

R
SD

 =
 H

am
ilt

on
 R

at
in

g 
Sc

al
e 

fo
r 

D
ep

re
ss

io
n,

 n
.a

. =
 n

ot
 a

pp
lic

ab
le

.



137

070

Individual Negative Affective Trajectories

137

treatment manual (Bockting, 2009). In the PCT – ADM group, participants 
were instructed to gradually taper ADM in four weeks guided by their gen-
eral practitioner or psychiatrist, who was also informed and advised. In the 
ADM and PCT + ADM groups, participants and their general practitioners or 
psychiatrists were advised to continue ADM. The ESM procedure took place 
during the first eight weeks of the study (parallel to the PCT).

Experience sampling method procedure
The experience sampling app ‘Imagine your mood’ was developed and pro-
grammed using TEMPEST software (Batalas & Markopoulos, 2012). Partic-
ipants could use the ‘Imagine your mood’ app on their own smartphone. If 
needed, a smartphone was made available for the duration of the ESM study 
period. The app was set to trigger questionnaires ten times a day, three days 
a week (on Thursdays, Fridays and Saturdays), for eight weeks, resulting in 
a maximum of 240 completed reports. The triggers were set semi-randomly, 
between the hours of 7.30 AM and 10.30 PM, with a maximum of one trigger 
per 90-minute interval and a minimum of 30 minutes between triggers.

All participants were assigned a trained assistant. During an approxi-
mately one-hour face-to-face briefing the assistant installed the app, ex-
plained the ESM procedure, helped practice the brief questionnaire, and an-
swered any questions. Participants were instructed to respond to a trigger as 
soon as possible, and answer the brief questionnaire about the moment just 
before the trigger. Participants were not informed about the five-minute time 
limit that was set. During the eight-week ESM period, the ESM procedure 
was monitored using weekly semi-structured telephonic interviews. During 
these monitoring phone calls ADM dosage was assessed. Participants were 
invited to contact their assistant for any questions or technical difficulties.

Measures
Days to relapse
Current and previous depressive episodes were monitored using telephonic 
interviews (SCID-I) during a 15-month follow-up period at three, nine, and 
fifteen months after the start of the study. If participants had relapsed, they 
were instructed to pinpoint the exact date of relapse, if necessary by con-
sulting their diary or by identifying important events to remember whether 
or not the depressive episodes had occurred by that time (i.e. the life chart 
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method). Based on these interviews, days to relapse in days from the start of 
the study was calculated.

Momentary negative effect
Adjectives to assess negative affect were selected based on discussions 

in our research team, taking into account both previous research (e.g. Wich-
ers et al., 2015), and the adjectives described in the diagnostic criteria of a 
depressive episode (American Psychiatric Association, 2013). Ratings of the 
adjectives (anxious, angry, lonely, irritated, down, suspicious, helpless, guilty, 
insecure; on a 0–100 VAS) were averaged to a negative affect scale per mo-
ment per individual.

Analyses
The individual time series were analyzed to assess the presence of signif-
icant change in mean levels of negative affect or negative affective inertia. 
Semi-parametric time-varying autoregressive analyses were used, following 
the guidelines (i.e. Bringmann et al., 2016). These analyses are suited for de-
tection of gradual change without a priori assumptions about the shape of 
this change, although sudden changes are a violation of assumptions. More 
details on the analyses are described in the supplemental materials.

Varying or invariant mean: If the time series were found to vary over 
time, the plotted inferred mean was inspected to assess the presence and di-
rection of change. Based on the inferred mean at the beginning and the end 
of each individuals’ time series, the within-individual change was estimat-
ed to describe the time-varying process. Within-individual changes in mean 
scores of less than 5 points (<5% of the 0–100 scale) were not considered as 

Note to Table 7.2. Participant numbers of previously depressed participants 
start with a ‘p,’ and those of never depressed control participants start with a 
‘c.’ The estimated start values and end values of the within-individual chang-
es are in boldface.
ADM = assigned to the antidepressant medication continuation arm of the 
trial, PCT + ADM = assigned to the antidepressant medication continuation 
in combination with preventive cognitive therapy arm of the trial, PCT – 
ADM = assigned to the arm of the trial that combines preventive cognitive 
therapy with tapering of antidepressant medication. o = no relapse, * relapse 
during the first four weeks of the ESM study period, ** relapse at the end of 
or within three weeks after the ESM study period.
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Table 7.2
Individual summaries of the invariant or varying negative affect and negative 
affective inertia, including tapering during ESM and relapse up until 15 months

Mean Inertia Days to 
relapse Mean Inertia Days to 

relapse
ADM PCT – ADM; Complete tapering
p1 22 → 02 00.3 o p26 10 → 19 00.8 → 0.2 232

p2 38 → 13 00.0 300 p27 06 → 21 00.3 065**

p3 17 → 09 -0.1 o p28 25 00.4 350

p4 02 0a 102 p29 14 d 0d 023* 

p5 07 0a 164 p30 16 00.7 092**

p6 22 d 0d o p31 15 0h 104

p7 08 d 0d o PCT – ADM; Partial tapering
p8 27 00.3 o p32 19 d 0d o

p9 06 00.3 o p33 07 00.1 o

p10 14 00.4 o p34 19 d 0d o

PCT + ADM PCT – ADM; No tapering
p11 28 → 07 00.2 182 p35 33 → 3 0d o

p12 04 -0.2 318 p36 50 → 30 0a 170

p13 23 → 04 00.4 → -0.1 o p37 27 0a 008* 

p14 28 → 19 d 00.0 409 p38 56 00.4 063**

p15 03 0a o p39 45 00.7 o

p16 11 00.3 234 p40 05 00.1 o

p17 27 00.6 245 p41 17 0h 138

p18 16 00.6 014* p42 13 0h o

p19 10 00.4 060** Never depressed control participants
p20 04 00.2 134 c1 05 d 0d

p21 03 00.3 316 c2 05 00.7 → -0.1

p22 07 00.4 o c3 05 -0.2

p23 15 00.5 o c4 05 00.6

p24 10 00.3 o c5 09 00.3

p25 19 00.0 o c6 04 00.4

c7 02 00.1

c8 04 00.4

c9 04 00.0

c10 05 00.0

c11 05 00.2
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relevant changes. If the time series were found to be invariant or if no (rel-
evant) change in the plotted mean was detected, the overall mean negative 
affect score was used to summarize the invariant processes.

Varying or invariant inertia: If the autoregressive parameter was found 
to be time-varying, the directionality of change was described using the ini-
tial value and the end value of the smooth curve of the autoregressive param-
eter for each individuals’ time series. If the autoregressive parameter was 
found to be invariant, the level of negative affective inertia was estimated.

Finally, it was tentatively explored whether these within-individual af-
fective trajectories were related to subsequent relapse based on descriptive 
statistics.

Results
Compliance and relapse rates
During the ESM study period, all participants assigned to the continuation 
group (ADM) continued their antidepressant medication. Of the participants 
assigned to tapering (PCT – ADM), 9 (53%) partially or completely tapered 
their antidepressant medication. All individuals assigned to PCT completed 
the therapy (i.e. attended at least five sessions, in line with Bockting et al., 
2005). The compliance per condition is depicted in the supplemental mate-
rials.

The overall relapse rate over 15 months was 52%; 22 previously de-
pressed individuals relapsed. Three individuals experienced a relapse that 
started during the first weeks of ESM study period and four others relapsed 
at the end of this period or soon after (within three weeks). Relapse rates per 
group were 59% in the PCT – ADM group, 60% in the PCT + ADM group, 
and 30% in the ADM group. None of the included participants dropped out 
during the 15 months follow-up.

Results of all individual analyses
A summary of the results of the time-varying autoregressive analyses for all 
participants can be found in Table 7.2 (a comprehensive overview of these 
results can be found in the supplemental materials, including two examples 
of individual analyses and a reflection on issues that arose during analyses). 
For all participants, the invariant or changing negative affect and negative af-
fective inertia are summarized, including information on group-assignment, 
tapering of ADM, and days to relapse. Because not all participants in the PCT 
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Table 7.3
Summaries of within-individual negative affective trajectories

NA NA inertia Time-in-

variant
Other

  n Increase Decrease Increase Decrease

Previously depressed individuals

Total 42 2b (5%) 8a, c (19%) 0 2a, b (5%) 25 (60%) 8c (19%)

Per condition

ADM 10 0 3a (30%) 0 0 05 (50%) 2 (20%)

PCT + ADM 15 0 3a (20%) 0 1a (7%) 11 (73%) 1 (7%)

PCT – ADM 17 2b (12%) 2c (12%) 0 1b (6%) 09 (53%) 5c (29%)

Relapse

Yes 22 2b (9%) 4c (18%) 0 1b (5%) 11 (50%) 6c (23%)

*At the start 03 0 0 0 0 02 (67%) 1 (33%)

**At the end/

soon after
04 1 (25%) 0 0 0 03 (75%) 0

***Later 15 1b (7%) 4c (27%) 0 1b (7%) 06 (40%) 5c (33%)

No 20 0 4a (20%) 0 1a (5%) 14 (70%) 2 (10%)

Never depressed individuals

Total 11 0 0 0 1 (9%) 10 (91%) 0

Note. * relapse during the first four weeks of the ESM study period, ** relapse 
at the end of or within three weeks after the ESM study period, *** partic-
ipant started to relapse later than three weeks after the ESM study period, 
NA = negative affect, Time-invariant = the time series did not demonstrate 
a structural change of time (fluctuations over time may have been present), 
Other = model could not be fitted or interpreted, ADM = assigned to the anti-
depressant medication continuation arm of the trial, PCT + ADM = assigned 
to the antidepressant medication continuation in combination with preven-
tive cognitive therapy arm of the trial, PCT – ADM = assigned to the arm of 
the trial that combines preventive cognitive therapy with tapering of antide-
pressant medication, a = one individual (p14) displayed both decreased nega-
tive affect and negative affective inertia, b = one individual (p26) experienced 
increased negative affect and decreased negative affective inertia, c = one 
individual (p39) demonstrated decreased negative affect while the analyses 
could not be interpreted in terms of invariant or changing inertia. Because of 
a + b + c not all rows add up to 100%.
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– ADM group complied with the instruction to taper their ADM, the sub-
groups of individuals who tapered their ADM completely, partially, or not at 
all were described separately.

Exploring within-individual change per group
Table 7.3 shows the total number of individuals per group that displayed in-
creases or decreases in negative affect or negative affective inertia. Individu-
al affective trajectories could indeed be discerned within each group. With-
in-individual decreases in negative affect were observed in the ADM and 
PCT + ADM groups. In the PCT – ADM group, both increases and decreases 
in negative affect were observed. No increases in negative affective inertia 
were observed in any previously depressed individual, including those who 
relapsed at the end or soon after the ESM study period. Decreases in neg-
ative affective inertia were detected in the PCT + ADM and PCT – ADM 
groups. Decreased negative affective inertia was also observed in one never 
depressed individual.

It was tentatively explored whether within-individual affective trajec-
tories would be related to relapse in the 15-month follow-up period. The ex-
pected increases in negative affect were observed in two (out of 42 = 5%) 
previously depressed individuals, both of whom relapsed. Thus, increases in 
negative affect were observed in a small minority of previously depressed 
individuals that relapsed (2 out of 22 = 9%) and no increases in negative af-
factive inertia were observed. Out of the 42 previously depressed individ-
uals, nine (21%) demonstrated decreased negative affect or negative affec-
tive inertia. Of these nine individuals, five (56%) did subsequently relapse. 
Unexpectedly, a decrease in negative affective inertia co-occurred with an 
increase in negative affect in one previously depressed individual.

Discussion
This study explored whether individual affective trajectories can be dis-
cerned that may ultimately inform tailored relapse prevention strategies in 
depression. The results demonstrate that individual trajectories in negative 
affect can indeed be detected using experience sampling methodology. Fur-
ther, the results suggest that affective responses while receiving various re-
lapse prevention treatments may vary greatly from person to person. As an il-
lustration, two individuals in the group that received PCT while tapering an-
tidepressant medication experienced increases in negative affect, while two 
others experienced decreases. However, the majority of previously depressed 
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individuals that relapsed did not demonstrate the expected increases in neg-
ative affect or negative affective inertia; only two of the previously depressed 
individuals showed an increase in negative affect and none displayed the ex-
pected increase in negative affective inertia. Furthermore, of the nine pre-
viously depressed individuals that experienced decreases in negative affect 
or negative affective inertia, the majority (56%) nevertheless subsequently 
relapsed. Finally, a decrease in negative affective inertia was also observed 
in a never depressed participant, suggesting that these affective changes may 
not be specific for depressive relapse. Thus, although individual negative af-
fective trajectories can be observed in previously depressed individuals un-
dergoing different relapse prevention strategies, the results cast doubt upon 
their presumed relevance for depressive relapse in recurrent depression.

The current results demonstrate that, within previously depressed in-
dividuals, levels of negative affect and negative affective inertia may change 
over time. Thus, individual affective differences are made up of both be-
tween-individual overall differences and within-individual trajectories. Lev-
els of affect in remitted recurrently depressed individuals have previously 
been found to be prospectively predictive of relapse (van Rijsbergen et al., 
2012) and future depressive symptomatology (de Jonge et al., 2017; van Ri-
jsbergen et al., 2015). However, in contrast to our expectation, our tentative 
analyses did not support the hypothesis that within-individual affective 
changes signal whether an individual will or will not subsequently relapse. 
This raises the question whether between-individual differences in abso-
lute levels of affect after remission might be better predictors of future re-
lapse than within-individual changes. Furthermore, it needs to be examined 
whether changing affect in previously depressed individuals alters their vul-
nerability for future relapse.

Importantly, the within-individual affective changes found in the cur-
rent study may not have occurred in isolation of between-individual differ-
ences. For example, previously depressed individuals who experienced de-
creased negative affect may have been those characterized by worse affect at 
the start of the ESM study period, i.e. individuals with more room for nega-
tive affective improvement. The question whether within-individual affec-
tive changes contribute to between-individual differences in levels of affect 
could not be examined in the current study, due to methodological limita-
tions (Bringmann et al., 2016) and power issues (Button et al., 2013). In order 
to examine the added value of individual trajectories to between-individual 
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differences, multilevel TV-AR analyses are needed that can incorporate both 
within-individual changes and between-individual differences. To under-
stand the role of affect in depressive relapse, future studies should examine 
within-individual affective changes while taking between-individual differ-
ences into account.

Unexpectedly, none of the previously depressed individuals displayed 
the expected increases in negative affective inertia. So the finding of Wichers 
et al. (2016) that relapse was preceded by increased inertia in a case study 
and could be of use as early warning signal was not replicated in a sample of 
42 remitted recurrently depressed patients. The current results do not ful-
ly falsify the hypothesis that abrupt transitions are preceded by increases in 
negative affective inertia (van de Leemput et al., 2014), given that abruptness 
of transitions was not assessed. Furthermore, the ESM study period was lim-
ited to 8 weeks while many individuals relapsed many months later. Possibly, 
early warning signals can only be detected just before a critical transition. 
However, no increases in negative affective inertia were observed in the four 
patients that relapsed at the end or soon after the ESM study period. This 
finding demonstrates the need to study in a larger patient samples whether 
increased inertia is of clinical relevance. That is to examine whether abrupt 
transitions are indeed preceded by increased inertia, whether affect dynam-
ics contribute to the prediction of relapse over and above mean levels of 
affect (Wichers, Wigman, Bringmann, & de Jonge, 2017), but also whether 
increased inertia can be a warning signal rather than a signal of the advent 
of an inevitable depressive episode. This latter question may be of particu-
lar clinical relevance, given that in the daily life of a patient, continuing the 
high-intensive ESM procedure for years (or lifelong) until relapse might not 
be feasible for practical reasons and the burden this may pose.

A cause for concern is that the ESM procedure including the mood mon-
itoring may have impacted participants and results. In a previous study, mon-
itoring affect using ESM in depressed individuals resulted in improvements 
in empowerment (Simons et al., 2015). However, the ESM procedure may 
also have posed a burden on participants, as evidenced by anecdotal reports. 
Several previously depressed participants self-reported increased sad mood, 
anxiety and irritation in response to the ESM procedure. Experience sam-
pling methodology might increase individuals’ awareness of symptomatolo-
gy (Walz, Nauta, & aan het Rot, 2014). Answering the brief questionnaire may 
have been confronting and unpleasant, especially when participants were 
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experiencing negative mood states or mental representations (Palmier-Claus 
et al., 2011). Furthermore, it has been observed before, in ESM studies that 
assessed intrusions in post-traumatic stress disorder, that monitoring expe-
riences using experience sampling methodology may enhance symptoms 
(Chun, 2016). Finally, monitoring mood may also have positively moderated 
effects of the preventive cognitive therapy, thereby tampering with the de-
sign of the RCT. Anecdotal reports from therapists suggest that monitoring 
may have facilitated recognition of patterns of emotions, cognitions, and be-
haviors. Thus, further investigation of effects of ESM is needed and monitor-
ing of potential adverse effects of ESM is of importance.

The overall relapse rate of 52% over 15 months (N = 42) in the current 
study is in line with other relapse prevention studies with closely compa-
rable follow up time that investigated individuals with a history of multi-
ple depressive episodes taking antidepressant medication (46%, N = 424; 
Kuyken et al., 2015), and (47%, N = 249; Huijbers et al., 2016), although a 
smaller study found a somewhat lower relapse rate (37%, N = 68; Huijbers et 
al., 2015). These results show that relapse rates remain “unacceptably high“ 
(Bockting et al., 2015, p. 24) and thereby underscore the need for improving 
depressive relapse prevention.

Summary and conclusion
The results suggest that individual affective trajectories while receiving 
relapse prevention treatments can be assessed using experience sampling 
methodology in a relatively large sample of remitted recurrently depressed 
individuals. The results further show that these trajectories may vary greatly 
from person to person. On the one hand, this might open up the possibility of 
tailoring interventions to individual affective trajectories. On the other hand, 
within-individual increases in negative affect were only found in a very small 
proportion (9%) of previously depressed individuals who subsequently re-
lapsed. Moreover, five out of the nine (56%) individuals that demonstrated 
decreases in negative affect nevertheless relapsed. These results therefore 
call into question whether these individual differences are currently clinical-
ly meaningful. Future studies should further examine the clinical relevance 
of affect dynamics and individual trajectories in depression, taking into ac-
count between-individual differences, using larger patient samples. 
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Supplemental materials
A note on participant inclusion
After the addendum on the ESM study had been approved, all newly includ-
ed participants for the RCT ‘Disrupting the rhythm of depression’ were di-
rectly recruited for the additional ESM study as well. Previously included 
participants for the RCT ‘Disrupting the rhythm of depression’ on the wait-
ing list for the start of the study procedure were also recruited for the addi-
tional ESM study. The newly included participants were randomly assigned 
to condition after inclusion, whereas participants recruited via the waiting 
list had been randomly assigned to condition before inclusion in the addi-
tional ESM study, resulting in potential biases in the latter group. As depicted 
in the flowchart in Figure 7.2, 72 participants were eligible for inclusion in 
the current study, 51 of whom were newly included and 21 were recruited via 
the waiting list.

Compliance rates per condition
Antidepressant use during the ESM study period and completion of the pre-
ventive cognitive therapy per condition is listed in Table 7.4.

Table 7.4
Antidepressant use during the ESM study period and completion of the preven-
tive cognitive therapy (> 5 sessions) per condition

ADM
(n = 10)

PCT + ADM
(n = 15)

PCT – ADM
(n = 17)

Antidepressant use during ESM study period

Complete tapering - - 6 (35%)

Partial tapering - 1 (7%) 3 (18%)

No change 10 (100%) 13 (87%) 8 (47%)

Increase - 1 (7%) -

Completed PCT n.a. 15 (100%) 17 (100%)

Note. PCT = Preventive cognitive therapy.
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More details on the time-varying autoregressive analyses
The affect score at a time point in the affective process (yt) can be estimated 
based on a function of the intercept (β0), the autoregressive parameter (β1; 
inertia) and the previous time point (yt-1), as displayed in Equation 7.1. The 
residuals (ɛt) are mutually independent and assumed to come from a nor-
mal distribution with constant variance. The mean level of negative affect is 
thus dependent on both the intercept and the autoregressive parameter (see 
Equation 7.1). Therefore, both changes over time in the intercept and in the 
autoregressive parameter may result in changes in the mean.

Negative affectt = β0,t + β1,t Negative affectt-1+ ɛt

Using non-parametric smooth functions, both the intercept and the 
autoregressive parameter could be allowed to vary over time. The default 
settings (a number of 10 basis functions and the thin plate spline regression 
basis) and a time-lag of 1 were used. Additional missing data points were 
imputed at the end of the day so that the first response of a day did not 
immediately follow the last response of the previous day. The following 
three indexes were used to examine whether the intercept or autoregressive 
parameter varied over time.

1. Improved model fit (Bayesian information criterion; BIC). If al-
lowing the intercept or autoregressive parameter to change over time 
reduced the BIC compared to an invariant model (without smooth func-
tions for the intercept and autoregressive parameter), the model fit was 
indicative of a time-varying process.
2. A significant time-varying intercept (the smooth parameter for the 
intercept). Because a time-invariant parameter is already automatically 
included in the model, a significant (p < .05, two-tailed) time-varying in-
tercept could be interpreted as a significant change in the intercept over 
time.
3. A significant (p < .05, two-tailed) time-varying autoregressive func-
tion (the smooth parameter for the autoregressive function). This pa-
rameter may not only represent a significant change in inertia over time, 
but also a significant time-invariant autoregressive parameter. There-
fore, this index was only taken to be potentially indicative of a time-vary-
ing process if the effective degrees of freedom was larger than 1 (edf; 
Shadish, Zuur, & Sullivan, 2014).

(7.1)
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Additionally, plots were generated of all individual time series accom-
panied by the plotted smooth curves of the intercept and the autoregressive 
parameter, and the plotted inferred mean (a function of the intercept and 
autoregressive parameter). These were visually inspected to detect problems 
with lagged missingness, fluctuations, outliers, and sudden changes. More-
over, the plotted smooth curves of the intercept and the autoregressive pa-
rameter, and the plotted inferred mean were visually inspected to describe 
the direction of change. If the smooth curves or inferred mean seemed to de-
viate from a horizontal line, the plots were described as indicative of change.

For some individuals, these indexes presented conflicting results. For 
example, when allowing the intercept to vary over time improved model-fit 
while no significant time-varying intercept was found. In these cases, the re-
sults were discussed in the research team (CS, NSK, LFB) until consensus 
was reached or it was decided that the results could not be interpreted in 
terms of varying or invariant time series. In this process, the issues that may 
have contributed to these conflicting results were inventoried per individual. 
The residuals were inspected to assess whether they indicated autocorrela-
tion over time, satisfied the equal variance assumption, and were normally 
distributed.

More details on results of the individual time-varying 
autoregressive analyses
Two examples of individual analyses
The time-varying autoregressive analyses of two participants are presented 
as examples. These examples were selected to illustrate the diversity in indi-
vidual trajectories.

Example 1: Time-invariant time series (participant p19)
Participant p19 interestingly relapsed three weeks after the end of the ESM 
study period. Figure 7.3 depicts the plotted smooth curve of the intercept (a), 
the smooth curve of the autoregressive parameter (b), and inferred mean (c) 
for the time series of participant p19. These time series are exemplary of a 
time-invariant process. The first two indexes did not indicate a time-vary-
ing process (no improvement in model fit and no significant time-varying 
intercept). The plotted smooth curve of the intercept (panel a) indeed did 
not seem to deviate from a horizontal line. The third index, a significant 
time-varying autoregressive function (F = 10.51, p < .01, edf = 2.00, ref.df = 2.00) 
may have been indicative of change. However, this appears to represent a 
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significant time-invariant autoregressive parameter rather than significant 
change in inertia over time, given that the smooth curve of the autoregressive 
parameter (panel b) did not seem to deviate from a horizontal line. Finally, 
the plotted inferred mean (panel c) demonstrates no significant change over 
time. Thus, no structural changes over time in levels of negative affect and 
negative affective inertia were observed in this participant.

Example 2: Change in mean levels and inertia of negative affect 
(participant p26)
Participant p26 relapsed six months after the ESM study period. For this 
participant, all thee indexes were indicative of a time-varying process. These 
time-varying processes can be observed in the plotted smooth curve of the 
intercept (a), the smooth curve of the autoregressive parameter (b), and in-
ferred mean (c) in Figure 7.4. First, the model fit (BIC) improved when the 
intercept and autoregressive parameter were allowed to change over time. 

Figure 7.3
The plotted time series of negative affect for participant p19, including the plot-
ted smooth curve of the intercept (a), smooth curve of the autoregressive pa-
rameter (b), and inferred mean (c; with 95% confidence intervals plotted around 
them). An example of time-invariant time series.
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Figure 7.4
The plotted time series of negative affect for participant p26, including the 
plotted smooth curve of the intercept (a), smooth curve of the autoregressive 
parameter (b), and inferred mean (c; with 95% confidence intervals plotted 
around them). An example of time-varying negative affect and negative affec-
tive inertia.

Second, the time-varying intercept was significant (F = 6.67, p < .01, edf = 2.08, 
ref.df = 2.61), and an increase in the intercept could be observed in panel a. 
Third, the time-varying autoregressive function was significant (index 3; 
F = 57.10, p < .01, edf = 2.00, ref.df = 2.00), and panel b shows a decrease in 
negative affective inertia. Finally, the increase in the plotted inferred mean 
in panel c deviated from a horizontal line. The plotted inferred mean does 
show some peaks that may be considered as outliers, but these do not appear 
to impact the 95% CIs. Thus, interestingly, the time series of this participant 
describe a process of simultaneous increase in negative affect and decrease 
in negative affective inertia.
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Comprehensive results of all individual analyses
The comprehensive model fit results per participant are displayed in Table 
7.5, as well as information on days to relapse and issues that arose during the 
analyses. Issues that arose were: insufficient number of time points per indi-
vidual (limited lagged missingness), outliers, sudden changes, and floor ef-
fects. The latter were particularly prevalent in the group of never depressed 
controls. For three participants, the analyses could not be fitted due to viola-
tion of assumptions and for another five participants the analyses could not 
be interpreted in terms of invariant or changing mean levels or inertia, i.e. 
whether or not there was a significant within-individual change in negative 
affect or negative affective inertia could not be assessed. Thus, the analyses 
could not be fitted or interpreted in eight (out of 42; 19%) previously de-
pressed participants. Fluctuations over the eight-week study period in mean 
levels or inertia of negative affect were observed in eight individuals (out 
of the total of 52; 15%; 7 previously depressed). Time series were deemed 
time-invariant if the fluctuations over the eight-week study period occurred 
around a certain level, without structural changes over time. Such time-in-
variant time series were observed in the majority of individuals (35 out of the 
total of 52; 67%; 25 previously depressed).
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Table 7.5
Model fit results per participant and individual summaries of the invariant or 
varying negative affect and negative affective inertia, including tapering during 
ESM and relapse up until 15 months

Partici-
pant

Compl. 
reports

Model 
fit

Intercept
Auto-

regressive
Mean Mean 

negative 
affect

Inertia of 
negative 

affect

Days 
to 

relapse
Issues

Test Plot Test Plot Plot

ADM

p1 196 Yes Yes Yes Yes No Yes 22 → 02 00.3 o

p2 155 Yes Yes Yes No No Yes 38 → 13 00.0 300

p3 125 Yes Yes Yes No No Yes 17 → 09 -0.1 o

p4 176 Yes Yes No Yes a a 02 d a 102 d, e

p5 097 Yes No No Yes No Yes 07 d a 164 b, c, d

p6 096 No No No Yes Yes Yes 22 d d o b, d

p7 174 No No No Yes Yes Yes 08 d d o d, e, f

p8 153 No No No Yes No No 27 d 00.3 o

p9 155 No No No Yes No No 06 d 00.3 o b

p10 78 No No No No No No 14 d 00.4 o

PCT + ADM

p11 161 Yes Yes Yes Yes No Yes 28 → 07 d 00.2 18200

p12 197 Yes Yes Yes No No Yes 04 -0.2 31800 d, g

p13 080 Yes No No Yes Yes Yes 23 → 04 d 0.4 → -0.1 o c

p14 142 No Yes Yes No No Yes 28 → 19 d 00.0 40900 d

p15 151 No No No Yes Yes No 03 a o b, d, e

p16 166 No No No Yes No Yes 11 00.3 23400 b, d

p17 184 No No No Yes No Yes 27 00.6 24500 d

p18 155 No No No Yes No Yes 16 00.6 014*00

p19 219 No No No Yes No No 10 00.4 060**

p20 201 No No No Yes No No 04 00.2 13400 e

p21 178 No No No Yes No No 03 00.3 31600 c

p22 224 No No No Yes No No 07 00.4 o

p23 158 No No No Yes No No 15 00.5 o b

p24 143 No No No No No No 10 00.3 o b

p25 126 No No No No No No 19 00.0 o

(continued)
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Partici-
pant

Compl. 
reports

Model 
fit

Intercept
Auto-

regressive
Mean Mean 

negative 
affect

Inertia of 
negative 

affect

Days 
to 

relapse
Issues

Test Plot Test Plot Plot

PCT – ADM; Complete tapering

p26 214 Yes Yes Yes Yes Yes Yes 10 → 19 0.8 → 0.2 23200

p27 149 Yes Yes Yes Yes No Yes 06 → 21 00.3 065**

p28 159 Yes No No No No No 25 d 00.4 35000

p29 203 No No No Yes Yes Yes 14 d d 023*0 c, d

p30 188 No No No Yes No No 16 d 00.7 092** b

p31 224 h h h h h h 15 d h 10400 f, g

PCT – ADM; Partial tapering

p32 148 No Yes Yes Yes Yes Yes 19 d d o d, f

p33 139 No Yes No No No Yes 07 d 00.1 o g

p34 082 No No No Yes Yes Yes 19 d d o c, d

PCT – ADM; No tapering

p35 081 Yes Yes Yes Yes Yes Yes 33 → 03 d o d

p36 197 Yes No No Yes a Yes 50 → 30 a 17000

p37 129 No No No Yes No Yes 27 a 008*0 d

p38 150 No No No Yes No No 56 00.4 063**

p39 169 No No No Yes No No 45 00.7 o c

p40 183 No No No No No No 05 00.1 o e

p41 145 h h h h h h 17 h 13800 c, f

p42 134 h h h h h h 13 h o c, f

Never depressed control participants

c1 224 Yes Yes Yes Yes Yes No 5 d d b, d, f, g

c2 155 Yes No No Yes Yes Yes 5 d 0.7 → -0.1 e, g

c3 095 Yes No Yes No No Yes 5 d -0.2 c, e, g

c4 119 Yes No No Yes No No 5 d 00.6 b, c, e

c5 168 No Yes Yes No No Yes 9 d 00.3 d, g

c6 139 No No No Yes No No 4 d 00.4 c, e

c7 156 No No No No No No 2 d 00.1 b, e

c8 185 No No No No No No 3 d -0.1 e

c9 090 No No No No No No 4 d 00.0 e

c10 138 No No No No No No 5 d 00.0 c, e

c11 078 No No No No No No 5 d 00.2 c, e
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Note to Table 7.5
Participant numbers of previously depressed participants start with a ‘p,’ and 
those of never depressed control participants start with a ‘c.’ The estimated 
start values and end values of the within-individual changes are in boldface.
Compl. reports = number of completed reports, ADM = assigned to the anti-
depressant medication continuation arm of the trial, PCT + ADM = assigned 
to the antidepressant medication continuation in combination with preven-
tive cognitive therapy arm of the trial, PCT – ADM = assigned to the arm of 
the trial that combines preventive cognitive therapy with tapering of antide-
pressant medication, Model fit = did model fit improve when the intercept 
or the autoregressive parameter were allowed to vary, Intercept test = was 
the smooth parameter for the intercept significant, Intercept plot = did the 
plotted intercept seem to vary, Autoregressive test = was the smooth param-
eter for the autoregressive parameter significant, Autoregressive plot = did 
the plotted autoregressive parameter seem to vary, o = no relapse, * relapse 
during the first four weeks of the ESM study period, ** relapse at the end of 
or within three weeks after the ESM study period, Issues = issues that arose 
during model fitting, a could not be interpreted, b outlier removed, c lagged 
missingness, d fluctuations, e potential floor effect, f sudden changes, g change 
too small, h model could not be fitted.
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Affective disturbances play a role in the onset, maintenance, and recurrence 
of depression. This thesis examined affective change in a series of studies. 
First, it was examined how interventions may change affective experiences 
after aversive autobiographical memory recall; second, how imagery-based 
processing may be related to within-individual affective changes; and finally, 
whether during relapse prevention interventions, individual differences in 
negative affective trajectories can be detected that may be clinically relevant 
for future relapse.

Affective change during emotion-focused 
interventions
In Chapters 2 and 3, it was examined how psychological intervention tech-
niques — imagery rescripting and mindfulness-based cognitive therapy — 
may change affective experiences using aversive autobiographical memo-
ries in non-clinical samples. The results show that there are many ways to 
change affective experiences after aversive autobiographical memory recall, 
including simply changing colors in the memory or performing an attention-
al breathing exercise during recall.

Imagery rescripting
How imagery rescripting techniques may result in affective change was 
examined in Chapter 2. Based on the ‘affect amplifying’ property of men-
tal imagery, we proposed that changing perceptual features of an aversive 
autobiographical memory, which do not explicitly target the meaning-rele-
vant content, may produce a corresponding change in the affective impact 
of subsequent memory recall. In two experimental studies, recall only of an 
aversive autobiographical memory was compared to different imagery re-
scripting techniques during recall, namely either making perceptual changes 
(e.g., changing the color of objects in the memory), or making conceptual, 
meaning-relevant changes (e.g., imagining a comforting friend in the memo-
ry). As hypothesized, the results of both studies demonstrated that perceptu-
al as well as conceptual imagery rescripting techniques reduce the emotional 
impact of the memory during subsequent recall. So, affective change could 
be achieved without directly targeting the meaning-relevant content of the 
memory.

The results in Chapter 2 thereby cast doubt on the cognitive hypoth-
eses of the effectiveness of imagery rescripting (Arntz, 2012; Cooper, 2011; 
Grunert et al., 2007; Ohanian, 2002; Wheatley & Hackmann, 2011). These 
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cognitive hypotheses pose that changes to the meaning-relevant content of 
the memory have to be made for imagery rescripting to be effective. If ex-
tended to clinical samples, these findings may add to a body of literature 
stating that it is unclear whether cognitive change drives the effectiveness of 
psychological interventions (Lorenzo-Luaces, German, & DeRubeis, 2015).

Over the years, empirical evidence has accumulated that supports the 
effectiveness of imagery rescripting for reducing symptomatology transdiag-
nostically (Arntz, 2012; Morina, Lancee, & Arntz, 2017). However, large ran-
domized controlled trials are lacking (Morina et al., 2017). Furthermore, the 
effectiveness of imagery rescripting as a stand-alone treatment needs to be 
examined, because many of the studies to date examined imagery rescripting 
as part of a treatment package (Morina et al., 2017). Whether imagery re-
scripting can be effective in the treatment and prevention of depression, and 
whether these effects are brought about by changing affective experiences is 
a question for further research.

Mindfulness-based cognitive therapy
In Chapter 3, the effects of attentional breathing during aversive autobi-
ographical memory recall were examined. Attentional breathing — focusing 
attention of the continuous process of breathing in and out — was used as an 
operationalization of the breathing space exercise which is used to practice 
mindfulness in mindfulness-based cognitive therapy, an effective interven-
tion for reducing relapse in recurrent depression (Kuyken et al., 2016). Two 
previous experiments had demonstrated that attentional breathing taxes 
working memory (van den Hout et al., 2011). It then follows from a working 
memory model (Andrade et al., 1997; Baddeley, 1997) that attentional breath-
ing during recall of an aversive autobiographical memory, like any other 
working memory taxing task (for an overview, see van den Hout & Engel-
hard, 2012), might render subsequent recall less vivid and unpleasant (An-
drade et al., 1997). Whether this working memory model may explain (part 
of ) the effectiveness of mindfulness-based cognitive therapy, as proposed by 
van den Hout et al (2011), was investigated in Chapter 3. The effects of at-
tentional breathing during recall of an aversive autobiographical memory on 
the vividness and unpleasantness of subsequent recall were compared to a 
control condition (recall only).

The expected effects of attentional breathing during recall on vividness 
and unpleasantness of subsequent recall were not found. Bayesian statistics 
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were used to combine the results of this experiment with the mixed findings 
of all previous studies that compared the effects of attentional breathing on 
subsequent recall of aversive autobiographical memories to a control condi-
tion (Slofstra et al., 2016; van den Hout et al., 2011). It was evaluated wheth-
er the combined data provided support for the hypothesis that attentional 
breathing during recall of an aversive autobiographical memory renders 
subsequent recall less vivid and unpleasant, compared to recall only. These 
Bayesian analyses did support this hypothesis, although effect sizes overall 
were small.

Taken together, the findings in Chapter 3 seem incongruent with the hy-
pothesis that the effectiveness of mindfulness-based cognitive therapy may 
be explained by a working memory model. This working-memory model of 
mindfulness-based cognitive therapy (van den Hout et al., 2011) differs from 
the original hypothesis of mindfulness-based cognitive therapy (Segal et al., 
2002), because it focuses on changing the quality of a negative thought (or 
autobiographical memory) rather than preventing a downward cycle of acti-
vations of dysfunctional thinking patterns and low mood.

Whether attentional breathing during recall may prevent activation of 
negative affect during subsequent recall was examined, but not described, in 
the replication study in Chapter 3. Additional analyses presented here in this 
discussion show that there was an effect for emotionality. The crucial Time x 
Condition interaction was significant (p < .01), indicating a greater decrease 
in emotionality after attentional breathing during recall than after recall only 
(d = 0.46). Thus, attentional breathing during recall of an aversive autobi-
ographical memory may prevent the activation of low mood.

These additional results seem congruent with the original hypothesis 
of mindfulness-based cognitive therapy. However, a recent finding interest-
ingly seems to challenge this original rationale. Mindfulness-based cognitive 
therapy was found to lower the overall levels of negative affect and perceived 
stress rather than preventing a downward cycle of negative affect and per-
ceived stress (Snippe, Dziak, Lanza, Nyklícek, & Wichers, 2017). Thereby, 
the working mechanisms of mindfulness-based cognitive therapy remain 
elusive, despite many efforts to examine them (e.g. Gu et al., 2015; van der 
Velden et al., 2015). Whether changing negative thinking patterns, overall 
levels of affect, or the relation between the two is key to the effectiveness of 
mindfulness-based cognitive therapy for prevention of relapse remains to be 
examined further.
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How do emotion-focused interventions change the affective impact 
of aversive autobiographical memory recall?
Imagery rescripting techniques or attentional breathing during recall can re-
duce the affective impact of subsequent aversive autobiographical memory 
recall. It was proposed in Chapter 2 that imagery rescripting may result in 
affective change by capitalizing on the ‘affect amplifying’ property of mental 
imagery. In Chapter 3, a working memory model was used to understand how 
attentional breathing during aversive autobiographical memory recall may 
change subsequent recall. There may be many ways in which psychologi-
cal intervention techniques change the affective impact of aversive autobi-
ographical memory recall.

A working memory model of imagery rescripting may also be considered, 
as suggested in Chapter 2. However, whether imagery rescripting indeed tax-
es working memory (as proposed by Hagenaars & Arntz, 2012) has not yet 
been studied. Furthermore, such a working memory model (Andrade et al., 
1997) proposes that taxing working memory would first render subsequent 
recall of the memory less vivid and thereby less unpleasant and emotional. 
Evidence for this time-course, changes in vividness followed by changes in 
unpleasantness, stems from experimental studies examining the effects of 
taxing working memory using eye movements (Leer et al., 2014; Smeets et al., 
2012). Interestingly, no effects on vividness were found for imagery rescript-
ing techniques and attentional breathing in Chapters 2 and 3. Thus, imagery 
rescripting and attentional breathing seem to impact the emotionality of fu-
ture recall without changing the vividness of the aversive autobiographical 
memory. This finding corresponds with other recent experimental findings 
that suggest that changes in image vividness may not be responsible for the 
effects of imagery rescripting (Çili, Pettit, & Stopa, 2017; Nilsson, Lundh, & 
Viborg, 2012), although this “absence of evidence is no evidence for the ab-
sence of the effect” (Altman & Bland, 1995). If changes in vividness are in-
deed not necessary for subsequent changes in emotionality, this would be 
inconsistent with a working memory model of imagery rescripting.

Alternatively, an influential review on the role of memory in the process 
of change in psychotherapy proposes that engaging in new emotional expe-
riences during recall of an aversive memory may be a key ingredient to ther-
apeutic change (Lane, Ryan, Nadel, & Greenberg, 2015). These new emotion-
al experiences are assumed to be integrated into the old memory structure 
through a process of memory reconsolidation (Lane et al., 2015) or retrieval 
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competition (Brewin, 2015). It is remarkable in this regard that performing 
positively valenced tasks was recently found to result in less distressing sub-
sequent recall than performing neutrally valenced tasks in an analogue trau-
ma paradigm (Tadmor et al., 2016). There may be a role for mental imagery 
in both the activation of the memory and in the activation of new emotional 
experiences during recall, for example using imagery rescripting (Dibbets & 
Arntz, 2015). As described in Chapter 2, imagery rescripting techniques may 
be used as “creative, entertaining, and inherently positive tasks that bring 
about positive emotions” during aversive autobiographical memory recall 
(Slofstra et al., 2016, p. 13). Whether changing how a patient feels during 
aversive autobiographical memory recall is the crucial ingredient for chang-
ing how the patient feels during subsequent recall is an empirical question 
that needs further study.

How autobiographical memories may be changed is a promising and 
fast-developing field of research (e.g. Kessler, Blackwell, & Kehyayan, 2017; 
Smith, Doran, Sippel, & Harpaz-Rotem, 2017), which may result in improve-
ments of existing interventions and innovative intervention techniques 
transdiagnostically, including for depression (for a recent review, see Beck-
ers & Kindt, 2017). Questions for future autobiographical memory research 
are whether it may suffice to change the affective experience during recall, 
and whether the degree of memory activation and the emotional experienc-
es during recall predict therapeutic change. A next step would be to explore 
whether and how therapists may capitalize on these processes to improve 
implementation of memory-based interventions transdiagnostically (Craske, 
Treanor, Conway, Zbozinek, & Vervliet, 2014; Hitchcock et al., 2017) and 
whether this ultimately improves treatment outcomes.

Affective responses and mental imagery
The relation between imagery-based processing and affective impact was 
experimentally studied in Chapter 4 and examined in daily life in Chapter 
6. The results show that increasing the level of imagery-based processing 
strengthens the negative affective responses to aversive autobiographical 
memory recall, but only for individuals with low levels of depressive symp-
tomatology. In the first study to date that used experience sampling meth-
odology to study imagery-based processing in the flow of daily life, higher 
levels of imagery were found to be associated with more positive affect and 
better mood.
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Imagery-based processing during aversive autobiographical 
memory recall
The study in Chapter 4 was designed to shed light on the interplay between 
depressive symptomatology, affective responses to aversive autobiographical 
memory recall, mental imagery, and rumination. It was hypothesized that 
imagery-based processing of aversive autobiographical memories would 
strengthen affective responses, compared to verbal processing. Higher lev-
els of trait imagery, but not the levels of imagery-based processing during 
recall of the aversive autobiographical memory, were observationally asso-
ciated with higher negative affective responses to recall. These correlational 
findings thereby support the notion that imagery-based processing may play 
a role in affective disturbances in depression (Holmes et al., 2016). However, 
when levels of imagery-based processing modes were manipulated (in the 
experimental part of the study), no direct effect of imagery-based processing 
on affective impact of recall was found compared to concrete verbal process-
ing. Only for individuals with low levels of depressive symptomatology did 
imagery-based processing result in stronger affective responses to the aver-
sive autobiographical memory compared to concrete verbal processing.

Thus, interestingly, these experimental results suggest that the caus-
al relation between imagery-based processing and affective change after 
aversive autobiographical memory recall may vary with levels of depressive 
symptomatology. Furthermore, the results of Chapter 4 seem in contrast with 
the effect of processing modes on affective impact of positive autobiograph-
ical memory recall (Nelis et al., 2015). Potentially, the causal effects of imag-
ery-based processing on affective change may vary not only with depressive 
symptomatology, but also with the valence (positive or aversive) of the auto-
biographical memory.

Simultaneously, in Chapter 4, the role of ruminative processing was ex-
amined. The results provided no support for the hypothesis that ruminative 
processing during aversive autobiographical memory recall may serve to 
avoid the accompanying distressing emotions (Eisma et al., 2013; Holmes & 
Mathews, 2010; Moulds, Kandris, Starr, & Wong, 2007). The observational 
findings in Chapter 4 demonstrated that depressive symptomatology, neg-
ative affect, negative affective change after recall, and trait levels of mental 
imagery and rumination were all positively correlated. Investigation of the 
unique impact of all these constructs seems somewhat hampered due to this 
high overlap. Indeed, it has recently been questioned whether it is fruitful 
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to study such constructs in isolation when attempting to gain a better un-
derstanding of depressive symptomatology (Spinhoven, Drost, de Rooij, van 
Hemert, & Penninx, 2016).

Imagery-based processing in daily life
The proposed ‘affect amplifying’ role of mental imagery was further inves-
tigated in Chapter 6. It was hypothesized that in daily life higher levels of 
imagery-based processing would be associated with strengthened affective 
responses to both positively and negatively valenced mental representations. 
Experience sampling methodology was used as an innovative method to ex-
plore the relation between mental imagery and affect in daily life. These ef-
fects were explored in a group of remitted previously depressed individuals 
and in a never depressed control group.

Based on the descriptive results from Chapter 6, most previously de-
pressed individuals seemed to experience at least a certain amount of mental 
images in daily life and could identify mental images that were more salient 
to them, for example picturing their deceased mother. This is in line with 
previous studies (Holmes et al., 2016; Moritz et al., 2014) which demonstrate 
that mental imagery may form an integral part of how individuals (previ-
ously) diagnosed with depression think and feel. This finding adds to a body 
of literature demonstrating that using mental imagery might contribute to 
understanding and treatment of depressive symptomatology (Holmes et al., 
2016).

Contrary to our expectation, higher levels of imagery-based processing 
were not significantly associated with stronger affective responses. Within 
individuals, moments characterized by higher levels of imagery-based pro-
cessing were unexpectedly associated with more positive affect and better 
mood, regardless of the valence of the mental representation. This positive 
relation between mental imagery and affect and mood was observed in both 
the group of previously depressed individuals and the group of never de-
pressed individuals. The causality of the within-individual association be-
tween higher levels of imagery-based processing in daily life and more posi-
tive affect and better mood could not be established and should be examined 
in future studies, by manipulating imagery-based processing in daily life.
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Individual differences in affective trajectories 
and their clinical relevance to depressive relapse
Individual differences in affective trajectories while undergoing different 
relapse prevention interventions were examined in Chapters 5 (design) and 
7. It was explored whether experience sampling methodology can be used 
to detect within-individual negative affective change in remitted previously 
depressed individuals undergoing different relapse prevention treatments. 
It was hypothesized that in groups of individuals receiving the same relapse 
prevention strategy individual differences in negative affective trajectories 
would be observed, which may be of clinical relevance by being associated 
with future relapse. The results demonstrated that these individual affective 
trajectories could indeed be detected using experience sampling methodol-
ogy, although the results cast doubt on their immediate clinical relevance.

Within-individual change was assessed in remitted previously de-
pressed individuals that were randomly assigned to either antidepressant 
medication continuation only, antidepressant medication continuation com-
bined with preventive cognitive therapy, or tapering of antidepressant med-
ication in combination with preventive cognitive therapy. Within-individual 
affective trajectories, both in levels of negative affect and negative affective 
inertia, could indeed be assessed using experience sampling methodology. 
The results indicated that these affective trajectories may vary greatly from 
person to person. However, the expected within-individual increases in neg-
ative affect were only found in a very small proportion (9%) of previously 
depressed individuals who subsequently relapsed. Moreover, five of the nine 
individuals (56%) that demonstrated decreases in negative affect neverthe-
less relapsed later. These results, in the largest patient study that examined 
these individual trajectories during relapse prevention treatment to date as 
far as we are aware of, therefore call into question whether these individual 
differences are clinically meaningful.

Future studies should further examine the clinical relevance of affect 
dynamics and individual trajectories in relapse prevention, using larger pa-
tient samples. First, observational experience sampling methodology studies 
may be used to examine whether, taking between-individual differences into 
account, positive or negative affective trajectories are predictive of future re-
lapse. If affective trajectories add to the prediction of future relapse, experi-
mental studies may examine whether assessing these individual trajectories 
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may be used to improve relapse prevention. For example, if relapse preven-
tion strategies target affective trajectories differentially (as suggested by Bak-
ker et al., 2016), such information may be used to tailor relapse prevention 
strategies to individual differences. Alternatively, it may be examined wheth-
er providing therapists and patients with feedback on individual affective 
trajectories improves treatment outcome.

Theoretical considerations
Overlap between mental imagery and autobiographical memories

 “When people remember, they imagine, 
and when they imagine, they use memory.” 

Conway & Loveday, 2015, p. 574

In this thesis, the role of mental imagery in affect and affective disturbances 
was examined. To this end, imagery-based autobiographical memories were 
used in Chapters 2–4. However, as stated the quote above, mental imagery 
may overlap to a great extend with autobiographical memory (Holmes et al., 
2016; Holmes & Mathews, 2010). Autobiographical memory is defined as “a 
(…) knowledge base in which cues constantly cause patterns of activation, 
some of which may stabilize into memories” (Conway & Loveday, 2015) and 
mental imagery is defined as “representations and the accompanying expe-
rience of sensory information without a direct external stimulus” (Pearson 
et al., 2015). When loosely contrasting these definitions, autobiographical 
memory refers to the information that is represented, whereas mental im-
agery refers to the manner in which this information is brought to mind. 
Mental imagery and autobiographical memories may be distinct, but are also 
closely related (Schacter, Welker, Conway, Loveday, & Cole, 2016).

That an autobiographical memory can be recalled with varying levels 
of imagery-based processing was illustrated in Chapter 4 of this thesis. The 
processing mode measures confirmed that the levels of imagery-based pro-
cessing of an aversive autobiographical memory changed after manipulation. 
This finding is in line with the study of Nelis et al. (2015), which demon-
strated that positive autobiographical memories can be recalled with varying 
levels of imagery-based processing. However, more imagery-based recall of 
an autobiographical memory (e.g. Chapter 4 and Nelis et al., 2015) may also 
have resulted in a different representation of the memory in question. When 
prompted to remember the situation in an imagery-based manner, additional 
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details or contextual information of the autobiographical memory may be 
recalled. Can increased affective impact then be attributed to imagery-based 
processes, or do they result from recall of a different autobiographical mem-
ory?

The question raised above demonstrates how complex it may be to dif-
ferentiate autobiographical memory recall from imagery-based processes. 
One cannot simply measure imagery-based processing without capturing 
some sort of mental representation that is being processed. This limits inter-
pretation of the findings in Chapters 4 and 6, because they may not be attrib-
utable to either the content (autobiographical memory in Chapter 4 or the 
mental representation in Chapter 6) or the level of imagery-based process-
ing. In other words, when examining mental imagery, it may be impossible to 
separate content and manner.

From negative towards positive mental imagery and affect
A final consideration is that the studies discussed in Chapters 2–4 of the cur-
rent thesis focused on negative, rather than positive, mental imagery. The 
reasons for using aversive autobiographical memories were twofold. First, 
negative mental imagery is an important transdiagnostical phenomenon 
(Di Simplicio et al., 2016; Hackmann & Holmes, 2004; Krans, 2011). Second, 
aversive autobiographical memories play a role in the onset, maintenance 
(Dalgleish & Werner-Seidler, 2014), and recurrence of depressive symptom-
atology (Weßlau et al., 2015).

However, research into the role of mental imagery in depression has 
shifted its focus from an abundance of negative imagery to a lack of positive 
imagery (Weßlau & Steil, 2014). Reduced vividness of prospective positive 
imagery has been found in currently depressed (Morina et al., 2011) and dys-
phoric individuals (Holmes et al., 2008). Previously depressed individuals 
had reduced vividness of positive autobiographical memories after a mood 
induction (Werner-Seidler & Moulds, 2011). In sum, evidence is accumu-
lating that depression is associated with not only an abundance of negative 
mental imagery, but also a lack of positive mental imagery (Holmes et al., 
2016).

Positive mental imagery may be a protective factor against depressive 
symptomatology (Holmes et al., 2016). Depressed individuals who were able 
to generate vivid positive future images were more optimistic and quick-
er to regain their optimism (Ji, Holmes, & Blackwell, 2017). Also, currently 
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depressed individuals with more everyday use of mental imagery were found 
to derive more affective benefit from positive mental imagery in the labora-
tory (Görgen, Joormann, Hiller, & Witthöft, 2015). A recent review illustrates 
how a lack of such prospective imagery may be associated with well-being 
(Schacter, Welker, & MacLeod, 2016).

Increasing positive mental imagery may be a powerful therapeutic tool. 
In Chapter 2 of this thesis, changing an aversive autobiographical memory 
into a positive image reduced its emotional impact during future recall. This 
opens up the possibility of using positive imagery rescripting of aversive au-
tobiographical memories, which may reduce the impact of aversive autobi-
ographical memories and simultaneously enhance the availability of positive 
imagery. Treatment packages that include increasing positive mental imag-
ery are already being used. In preventive cognitive therapy, for instance, pos-
itive mental imagery is stimulated through encoding and recalling of positive 
memories (Bockting, 2009). Furthermore, the imagery-based Padesky tech-
nique is used to challenge dysfunctional beliefs by identifying and imagin-
ing an extremely positive belief and a corresponding positive dream-image 
(Bockting, 2009). Another example is the formulation and strengthening of 
positive self-images in competitive memory training (Korrelboom, Maars-
ingh, & Huijbrechts, 2012). A recent case study (Blackwell & Holmes, 2017) 
illustrates the potential for a computerized positive imagery training for de-
pression (cognitive bias modification). The patient starts experiencing flash-
es of positive imagery, accompanied by boosted mood and pro-active behav-
iors (Blackwell & Holmes, 2017).

Research on the role of affect in depression has seen a seemingly paral-
lel increased attention for positive affect in addition to negative affect (see 
Blackwell et al., 2015; Dunn, 2012; Joormann & Stanton, 2016). For example, 
a higher degree to which positive affect lasts from one moment to the next 
(high positive affective inertia) was associated with lower risk of future de-
pression (Höhn et al., 2013). Moreover, levels of positive affect as assessed 
once after remission were predictive of future levels of depressive symptom-
atology (de Jonge et al., 2017). Therefore, it may be worthwhile to examine 
positive affective trajectories during depressive relapse prevention in addi-
tion to the negative affective trajectories examined in Chapter 7. Furthermore, 
the results of Chapter 6 suggest that imagery-based processing may play a 
role in positive affect and boosted mood. In sum, examining the potential for 
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increasing positive mental imagery and positive affect in depression seems to 
be a fruitful avenue for future research.

Methodological considerations
Non-clinical samples — Generalizability of results
An important limitation for some of the findings discussed is that they con-
cern non-clinical samples. Examining potential psychopathological process-
es in non-clinical samples is common in the field of experimental psycho-
pathology (Vervliet & Raes, 2013), which uses laboratory-based research to 
discover and explain the etiology and maintenance of psychopathological 
processing, and how these may be altered (Forsyth & Zvolensky, 2001). An 
important assumption in experimental psychopathology research is that the 
same processes and mechanisms that determine normal adaptive behavior 
may result in abnormal behavior in psychopathology. In other words, nat-
urally occurring processes can ‘move from a normal psychological experi-
ence to a dysfunctional one’ (Forsyth & Zvolensky, 2001). Another, related, 
assumption is that abnormal processes can be mimicked in healthy individu-
als (Vervliet & Raes, 2013). Advantages of using non-clinical samples include 
availability of the participants, low costs, and high experimental control in 
a homogeneous group. Furthermore, it may be ethically preferable to ex-
periment with recalling aversive autobiographical memories in non-clinical 
samples first, before examining the effects in clinical samples, where these 
procedures may be more burdensome. However, these advantages come at 
the cost of a translational gap between findings in non-clinical samples and 
their relevance for clinical cases (Vervliet & Raes, 2013).

Maybe this was most evident in Chapter 4, where increasing imag-
ery-based processing of an aversive autobiographical memory resulted in 
greater affective impact only for individuals with low levels of depressive 
symptomatology. This demonstrates that within-individual effects may in-
deed vary as a function of between-individual differences in depressive 
symptomatology. Non-clinical samples may differ qualitatively from clinical 
samples, reducing the generalizability of the results. For example, whether 
aversive autobiographical memories in non-clinical samples differ qualita-
tively from those in patient samples is subject of debate (e.g. Brewin et al., 
1996; Bywaters, Andrade, & Turpin, 2004; Holmes, 2003; Rubin et al., 2008). 
If aversive autobiographical memories in non-clinical samples are indeed 
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different, the effects of imagery-based processing or rescripting thereof may 
not generalize to the autobiographical memories targeted in clinical practice.

Furthermore, the operationalizations of interventions in experimental 
studies may not be equivalent to the treatments under study (Tolin, McKay, 
Forman, Klonsky, & Thombs, 2015). For example, there is more to mindful-
ness-based cognitive therapy than attentional breathing (van den Hout et al., 
2011). Similarly, in Chapter 2, imagery rescripting techniques were opera-
tionalized by making conceptual and perceptual changes. However, there are 
other, potentially crucial, elements of imagery rescripting that are not cap-
tured by this operationalization, such as explicitly formulating one’s unmet 
needs in a situation (Holmes et al., 2007). Imagery rescripting may encom-
pass a variety of elements that may all contribute to psychological change in 
their own manner, and this contribution may also depend on the memory 
that is being rescripted and the person that is rescripting. Therefore, effects 
of experimental studies that examine one specific element of a psychological 
intervention may not generalize to the effects of that intervention in clinical 
practice.

Finally, the effects on outcome measures used in non-clinical experi-
mental studies may not reflect meaningful changes in clinical settings. For 
example, imagery rescripting techniques were found to change affective ex-
periences during subsequent recall in experimental studies in the current 
thesis (Slofstra et al., 2016). However, it remains to be examined not only 
whether these effects hold in clinical samples, but also whether changing the 
affective impact of aversive autobiographical memory recall is indeed crucial 
for therapeutic change (Lane et al., 2015).

In sum, although there may be valid reasons to examine psychological 
processes in non-clinical samples, the results of non-clinical experimental 
studies should be interpreted with care. First, the processes under study 
may be critically different in clinical populations, and therefore effects may 
be different. Second, experimental studies often require narrow operation-
alizations of psychological interventions that may not reflect the broad ef-
fects of the multifaceted intervention in clinical practice. Third, the question 
remains how short-term effects on the outcome measures in experimental 
non-clinical studies relate to long term effects of interventions in clinical 
practice. Therefore, “if extended to patient samples” is not a hollow phrase 
but an urgent requirement.
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Experience sampling methodology
The number of studies using experience sampling methodology has in-
creased exponentially over the last years (Hamaker & Wichers, 2017). Expe-
rience sampling can be used for scientific purposes, for example to examine 
processes, outcomes, and individual differences during therapy (Bos, Scho-
evers, & aan het Rot, 2015). It may be excellently suited for the assessment of 
subjectively experienced states in daily life, such as affect and mental imag-
ery, as demonstrated in Chapter 6. Furthermore, dynamic processes can be 
studied using experience sampling methodology, which have been proposed 
to be highly clinically relevant (Fried et al., 2017; Nelson, McGorry, Wichers, 
Wigman, & Hartmann, 2017; van de Leemput et al., 2014; van Os et al., 2017; 
Wichers et al., 2016). However, several important limitations to experience 
sampling methodology remain to be considered.

First, there are theoretical questions on how the results from experience 
sampling studies should be interpreted, i.e. how they relate to the theoreti-
cal frameworks of psychopathology they are supposedly testing (Wichers et 
al., 2017). Hypothetically, for example, negative affective inertia as studied 
in Chapter 7 may either reflect limited affective responses to change in the 
environment or, alternatively, normal affective responses to limited changes 
in the environment. The question whether the results from experience sam-
pling studies indeed pertain to the dynamical processes under study is open 
for further investigation.

Second, it has been suggested that certain subgroups of participants may 
not be willing or able to comply with the experience sampling regime and 
therefore do not provide the responses needed for analyses (Verhagen et al., 
2016). This may have been the case in Chapters 6 and 7, where 21–36% of pre-
viously depressed participants refused to use the ‘Imagine your mood’ app 
or did not complete enough questionnaires. Moreover, in Chapter 7, the time 
series of some participants could not be analyzed due to floor effects or vio-
lation of the assumptions of the analyses. Therefore, the results of experience 
sampling studies may not generalize to all individuals.

Third, examining psychological processes using experience sampling 
methodology may simultaneously influence these processes (Hamaker & 
Wichers, 2017). For example, in Chapter 7, anecdotal evidence indicated 
that the repeated assessments may have facilitated recognition of emotions. 
Thus, when experience sampling methodology is used to assess the effects of 
an intervention, the results may reflect the effect of the experience sampling 
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procedure instead. A related and important cause for concern is that expe-
rience sampling methodology was found to pose a heavy burden on some 
patients in Chapter 7.

It has been suggested that experience sampling methodology may be 
used for personalization of diagnostics and treatment in clinical practice 
(e.g. van Os et al., 2017, Verhagen et al., 2016; Wichers et al., 2016). However, 
the abovementioned concerns may limit the applicability of experience sam-
pling methodology to clinical practice. For example, when experience sam-
pling methodology would be used for personalized diagnostics, the results 
may be invalidated by reactivity to the procedure. Furthermore, the results 
of Chapter 7 suggest that using experience sampling methodology to assess 
individual trajectories in response to treatment may not necessarily reflect 
clinically meaningful changes. Finally, within-individual effects found using 
experience sampling methodology reflect associations and not necessarily 
causal effects (Hamaker & Wichers, 2017). For example, although mental im-
agery was associated with better mood in Chapter 6, these findings do not 
demonstrate that changing mental imagery in daily life would impact affect. 
The crucial question for future research is whether and how tailoring inter-
ventions using experience sampling methodology may result in better treat-
ment outcomes. In sum, while experience sampling methodology is widely 
praised for its ecological validity (Shiffman et al., 2008), its clinical validity is 
in need of further investigation.

The causal effects of mental imagery on affective change in daily 
life — Future avenues
Whether mental imagery causally impacts affect in daily life may be exam-
ined using micro-randomized trials (Hekler et al., 2016; Klasnja et al., 2015). 
In micro-randomized trials, interventions are randomly assigned to moments 
in daily life. For example, participants may be randomly prompted to either 
increase the level of imagery-based processing or the level of verbal process-
ing of their current mental representation. These micro-randomized trials 
might in addition be used to examine potential moderating factors (Hekler 
et al., 2016; Klasnja et al., 2015), both within and between individuals. For 
example, within individuals, the quality of a mental representation, e.g. its 
valence or vividness, may moderate the effect of imagery-based processing 
of this mental representation on affective responses. Between-individuals, 
levels of depressive symptomatology may moderate effects of imagery-based 
processing on affective responses (as demonstrated in Chapter 4).
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Interestingly, when an individual learns from experience, the immediate 
effect of a manipulation may influence that individual over a longer period 
of time. For example, individuals may start changing their processing mode 
themselves, without instructions. This poses methodological challenges 
(Hamaker & Wichers, 2017). However, therapeutically it is highly desirable 
that patients learn skills over time and habitually integrate these in their dai-
ly lives. Future studies need to explore how causal within-individual effects 
may depend on individual differences and intra-individual change.

Changing emotion — Clinical relevance
In this thesis, within-individual affective changes were investigated. It seems 
intuitively appealing that within-individual affective changes are of clinical 
relevance in depression. However, a recent review on emotion research in 
depression demonstrates how little we actually know about affective distur-
bances and calls for further study of affective change (Rottenberg, 2017). In-
triguingly, the results from Chapter 7 cast doubt on the clinical relevance of 
such within-individual affective changes.

Within-individual affective trajectories may not be immediately indic-
ative of changes in treatment success or relapse risks. Importantly, with-
in-individual changes do not occur in isolation of between-individual differ-
ences. In Chapter 7, only individuals with higher baseline levels of negative 
affect could experience a decrease in their negative affect during the relapse 
prevention treatment. Also, a ten-point decrease in negative affect may be a 
relatively small change for an individual with high levels of negative affect, 
whereas this same ten-point decrease may represent a meaningful change 
below a certain threshold in another individual. Finally, a lack of affective 
change is not per se indicative of a lack of treatment effect. Amongst recur-
rently depressed individuals recruited at a time of stable remission, changes 
for the worse are expected. Therefore, no increase in negative affect could 
be considered a success in this group. Thus, the combination of within-in-
dividual change and between-individual differences needs to be examined 
further to improve long-term depression outcomes (e.g. Monden, Stegeman, 
Conradi, de Jonge, & Wardenaar, 2016).

If clinically relevant, examining within-individual affective changes 
in response to interventions can contribute to understanding the working 
mechanisms of interventions, as was attempted in Chapters 2 and 3 of the 
current thesis. Also, relating these within-individual changes to other pro-
cesses, such as mental imagery, can shed light on the dynamic interplay 
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between cognitive and affective disturbances in psychopathology, as exam-
ined in Chapters 4 and 6. As was elaborated upon in Chapter 5, understanding 
the working mechanisms of different relapse prevention strategies, unveiling 
the processes underlying affective disturbances, and discerning the individ-
ual trajectories towards depressive relapse can yield complementary infor-
mation that may enable therapists to tailor interventions to individual needs. 
However, to date, the empirical evidence base for such personalized treat-
ments seems very limited. Specifically, the clinical relevance of within-indi-
vidual affective change needs to be examined.

Conclusion 
In this thesis, affective change, mental imagery, and depressive relapse were 
examined. A series of experiments were presented that investigated how 
psychological intervention techniques may alter affective experiences. A 
striking finding was that different psychological intervention techniques 
may change the affective impact of aversive autobiographical memories, in-
cluding simple techniques such as changing the colours in the imagery-based 
memory.

How mental imagery is associated with affective responses after auto-
biographical memory recall was examined in an experimental laboratory 
study, where the relation between mental imagery and affective responses 
was found to be dependent on the level of depressive symptomatology. Fur-
thermore, experience sampling methodology was used to assess the role of 
mental imagery in daily life. Interestingly, higher levels of mental imagery 
were found to be associated with better mood, both in a previously depressed 
and a never depressed sample.

Individual differences in affective trajectories while undergoing relapse 
prevention strategies were examined. The results demonstrated that individ-
ual affective trajectories can be detected using experience sampling meth-
odology, although no immediate relevance of these affective trajectories for 
future relapse could be demonstrated.

Looking ahead, there is still a long road towards improving relapse pre-
vention in depression. Critical questions for future research are, first, how 
affective change may be achieved in the daily life of patients, second, wheth-
er short term affective change is of clinical relevance for long term treatment 
outcome, and finally, whether individual differences in affect and affective 
change may inform personalized relapse prevention that result in improved 
treatment outcomes.
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Emotionele verandering, verbeelding en terugval 
in depressie
Emotionele verandering
Verstoringen in emoties zijn kenmerkend voor depressie. Een depressieve 
episode wordt gekenmerkt door een teveel aan negatieve emoties (bijvoor-
beeld somberheid) en/of een gebrek aan positieve emoties (bijvoorbeeld 
gebrek aan interesse of plezier). Na een depressieve episode kunnen emo-
tionele verstoringen nog aanwezig blijven. Onderzoek naar de wijze waarop 
psychologische interventies invloed hebben op deze emoties kan bijdragen 
aan het verbeteren van bestaande interventies en het ontwikkelen van inno-
vatieve emotiegerichte interventies. 

Verbeelding
Het vermoeden bestaat dat verbeelding een rol speelt in de voor depressie 
kenmerkende emotionele verstoringen. Verbeelding doet zich voor wanneer 
je iets in je gedachten ziet, hoort, ruikt of voelt. Het kan omschreven worden 
als een zwakke vorm van perceptie, waarbij je iets waarneemt dat er in wer-
kelijkheid niet is. Bijvoorbeeld tijdens de voorpret voor de vakantie, wanneer 
je jezelf al in die hangmat ziet liggen, met het geluid van de zee op de achter-
grond, de zon op je huid en een lekker drankje in je hand. Verbeelding kan 
ook een negatieve lading hebben, zoals wanneer je een herinnering ophaalt 
aan een verdrietige gebeurtenis, waarbij je opnieuw ervaart hoe het toen was 
en hoe je je toen voelde.

Mensen met een depressie blijken veel negatieve verbeelding te ervaren 
en die negatieve verbeelding hangt samen met het ontstaan, de instandhou-
ding en de terugval in depressie. In experimenteel onderzoek is bovendien 
aangetoond dat verbeeldende verwerking resulteert in sterkere emotionele 
impact dan verbale verwerking van hetzelfde materiaal. Verbeelding zou 
daarom mogelijk deel uit kunnen maken van de behandeling van depressie 
en de preventie van terugval in depressie (zie voor een review Holmes et al., 
2016).

Terugval in depressie
Na een depressieve episode is er een groot risico op een volgende depressieve 
episode (zie voor een review Bockting et al., 2015). Dat risico neemt toe met 
het aantal voorgaande episodes en kan variëren van 40% tot 90%. Er zijn 
verschillende strategieën om het risico op een volgende depressieve episode 
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te verkleinen. Doorgaan met het gebruik van antidepressiva is een moge-
lijkheid. Een andere mogelijkheid is een korte psychologische interventies 
na herstel zoals aandachtgerichte (mindfulness-based) cognitieve therapie 
of preventieve cognitieve therapie. Inzicht in hoe emotionele verstoringen 
veranderen onder invloed van verschillende terugvalpreventiestrategieën en 
individuele verschillen hierin zou kunnen bijdragen aan het verbeteren en 
mogelijk personaliseren van terugvalpreventie.

Studies in dit proefschrift
Dit proefschrift bevat een serie van studies naar emotionele verandering in 
de context van depressie. Hierbij is eerst onderzocht op welke wijze spe-
cifieke psychologische interventies emotionele veranderingen kunnen be-
werkstelligen bij het ophalen van negatieve autobiografische herinneringen. 
Vervolgens is onderzocht hoe verbeelding gerelateerd is aan emotionele ver-
andering bij het ophalen van negatieve autobiografische herinneringen en 
in het dagelijks leven. Tot slot is onderzocht of individuele emotionele ver-
anderingstrajecten kunnen worden gedetecteerd bij voormalig depressieve 
patiënten die een terugvalpreventiestrategie ondergaan en of deze klinisch 
relevant kunnen zijn als voorbodes van terugval. 

Emotionele verandering door emotiegerichte 
interventies
In hoofdstukken 2 en 3 werd onderzocht hoe twee interventies — imagery 
rescripting en aandachtgerichte (mindfulness-based) cognitieve therapie — 
emotionele ervaringen bij het ophalen van een negatieve autobiografische 
herinnering kunnen veranderen. De resultaten van deze experimentele stu-
dies tonen aan dat er vele manieren zijn om de emotionele impact van au-
tobiografische herinneringen te verminderen, waaronder een eenvoudige 
oefening waarin de deelnemers de herinnering ophaalden en de kleuren in 
het beeld veranderden. 

Imagery rescripting
Imagery rescripting is een interventietechniek waarbij negatieve autobiogra-
fische herinneringen minder onaangenaam of emotioneel gemaakt kunnen 
worden door deze op te halen en vervolgens in verbeelding de gebeurte-
nissen te veranderen. De werking van imagery rescripting wordt momen-
teel verklaard door cognitieve theorieën. Deze cognitieve verklaring stelt 
dat imagery rescripting technieken alleen effectief kunnen zijn wanneer de 
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veranderingen die worden aangebracht ook relevant zijn voor de betekenis 
van die herinnering. Een voorbeeld van zulke betekenis-relevante imagery 
rescripting is het verbeelden van een helpende vriend in een negatieve her-
innering waarin iemand zich alleen voelde, zodat het nieuwe beeld van deze 
herinnering niet meer ‘alleen zijn’ betekent.

Omdat experimenteel onderzoek heeft aangetoond dat verbeelding een 
emotieversterkende eigenschap kan hebben, werd in hoofdstuk 2 de moge-
lijkheid geopperd dat ook perceptuele veranderingen, die niet expliciet de 
betekenis-relevante inhoud van de herinnering wijzigen, effectief zouden 
kunnen zijn in het verminderen van de emotionaliteit van de herinnering. 
Een voorbeeld van perceptuele imagery rescripting is het veranderen van de 
kleuren van objecten in het beeld van de herinnering. 

De hypothese dat evenals betekenis-relevante imagery rescripting tech-
nieken óók perceptuele imagery rescripting technieken kunnen resulteren 
in vermindering van de emotionaliteit van een negatieve herinnering werd 
onderzocht in twee experimenten (beide studies N = 48, non-klinische steek-
proef ). In deze experimenten werd het ophalen van een herinnering zon-
der verdere manipulatie van het beeld (controleconditie) vergeleken met het 
maken van betekenis-relevante veranderingen of perceptuele veranderingen 
in het beeld. 

In tegenstelling tot wat men op grond van een cognitieve verklaring 
van het werkingsmechanisme zou verwachten, bleek perceptuele imagery 
rescripting in beide experimenten de emotionaliteit van de negatieve herin-
nering te verminderen. Ook een positieve imagery rescripting techniek die 
alleen in het tweede experiment werd onderzocht resulteerde in verminder-
de emotionaliteit. Deze positieve imagery rescripting bestond uit het veran-
deren van het beeld van de herinnering in een zo positief mogelijk beeld, dat 
niet gerelateerd was aan de oorspronkelijke herinnering. Indien gerepliceerd 
in klinische steekproeven, bieden deze resultaten mogelijkheden om naast 
de traditionele vormen van imagery rescripting ook relatief eenvoudige tech-
nieken, zoals het veranderen van kleuren in een beeld, therapeutisch te ge-
bruiken.

Aandachtgerichte cognitieve therapie
Aandachtgerichte (mindfulness-based) cognitieve therapie is een effec-
tieve psychologische interventie om het risico op terugval in depressie te 
verminderen. Een belangrijk onderdeel hiervan is de aandachtgerichte 
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ademhalingsoefening (attentional breathing), die in het eerste experiment 
van hoofdstuk 2 werd gebruikt als actieve controleconditie. Het uitvoeren 
van deze oefening tijdens het ophalen van een negatieve autobiografische 
herinnering bleek de emotionaliteit van de herinnering te verminderen.

In hoofdstuk 3 werd het effect van de ademhalingsoefening tijdens het 
ophalen van een negatieve autobiografische herinnering nader onderzocht 
(N = 52, non-klinische steekproef ). Er werden geen effecten op helderheid 
of onaangenaamheid van de herinnering gevonden in vergelijking met een 
controleconditie waarin de herinnering werd opgehaald zonder verdere ma-
nipulatie. Toen de resultaten van deze studie met behulp van Bayesiaanse 
analyses werden gecombineerd met de resultaten van drie voorgaande ex-
perimenten, bleek dat over al deze studies heen de ademhalingsoefening wel 
resulteerde in verminderde helderheid en onaangenaamheid, maar dat de ef-
fecten klein zijn. Uit vervolganalyses bleek dat de ademhalingsoefening wel 
de emotionaliteit van de herinnering verminderde. Mogelijk spelen deze ver-
anderingen van emotionaliteit door het doen van de ademhalingsoefening 
ook een rol de vermindering van terugval in depressie door aandachtgerichte 
(mindfulness-based) cognitieve therapie.

Verbeelding en emotionele verandering
Hoe verbeelding samenhangt met emotionele veranderingen werd onder-
zocht in de hoofdstukken 4 en 6. De resultaten van het non-klinische ex-
periment in hoofdstuk 4 tonen aan dat de emotieversterkende rol van ver-
beelding bij het ophalen van negatieve autobiografische herinnering afhangt 
van de mate van depressieve klachten. In hoofdstuk 6 werd de relatie tussen 
verbeelding en emoties voor het eerst in het dagelijks leven bestudeerd. Het 
bleek dat momenten waarop iemand meer verbeelding gebruikt gepaard 
gaan met een betere stemming.

Verbeelding bij het ophalen van een negatieve autobiografische 
herinnering
Dat verbeeldende verwerking een sterkere emotionele impact heeft dan ver-
bale verwerking van hetzelfde materiaal was aangetoond in experimenteel 
onderzoek naar positieve autobiografische herinneringen en naar negatief 
niet-autobiografisch materiaal. Echter, het emotieversterkende effect van 
verbeelding was nog niet onderzocht bij negatieve autobiografische herinne-
ringen, terwijl deze een belangrijke rol lijken te spelen in depressie. Depres-
sie hangt samen met het ophalen van meer negatieve herinneringen en met 
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een meer abstracte verwerking van negatieve herinneringen (zie voor een 
review Dalgleish & Werner-Seidler, 2014). De abstract verbale (ruminatieve) 
verwerking van negatieve herinneringen zou mogelijk kunnen dienen om de 
emotionele impact van negatieve herinneringen te vermijden. 

In hoofdstuk 4 werden daarom de effecten van het verbeeldend en het 
verbaal (abstract verbaal of concreet verbaal) ophalen van een negatieve 
autobiografische herinnering met elkaar vergeleken (N = 99, non-klinische 
steekproef ). Uit de observationele resultaten van deze studie bleek dat een 
hogere mate van depressieve klachten gerelateerd was aan zowel een meer 
verbeeldende als een meer abstract verbale (ruminatieve) algemene ver-
werkingsstijl. Bovendien bleken deze drie variabelen (mate van depressieve 
klachten, verbeeldende verwerkingsstijl en abstract verbale verwerkings-
stijl) allemaal samen te hangen met een grotere impact van het ophalen van 
een negatieve herinnering op negatieve emotionaliteit. In tegenstelling tot de 
algemene verwerkingsstijl, bleek de mate van verbeeldende of verbale ver-
werking op het moment van het ophalen van de negatieve herinnering niet 
samen te hangen met de emotionele impact van de herinnering. 

In het experimentele deel van de studie werd het ophalen van de ne-
gatieve herinnering gemanipuleerd, zodat deelnemers de herinnering op 
een meer verbeeldende (n = 33), abstract verbale (n = 33) of concreet verbale 
(n  = 33) manier verwerkten. Hieruit bleek dat een meer verbeeldende ver-
werking over het algemeen niet resulteerde in een grotere emotionele im-
pact van de negatieve herinnering, behalve als er rekening gehouden werd 
met de mate van depressieve klachten. Alleen voor proefpersonen met een 
lage mate van depressieve klachten resulteerde een meer verbeeldende ver-
werking, ten opzichte van meer concreet verbale verwerking, in een sterkere 
emotionele impact van de herinnering. 

Het verwachte emotievermijdende effect van abstract verbale (rumina-
tieve) verwerking werd niet gevonden. De resultaten tonen aan dat verbeel-
ding een rol speelt in de emotionele impact van negatieve herinneringen en 
dat dit emotieversterkende effect samenhangt met de mate van depressieve 
klachten. 

Verbeelding in het dagelijks leven
Verbeelding is een alledaags fenomeen en daarom werd in hoofdstuk 6 on-
derzocht hoe verbeelding en emoties samenhangen in het dagelijks leven. 
Er werd verwacht dat de emotionele impact van positieve of negatieve 
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gedachten sterker zou zijn wanneer er op dat moment gebruik gemaakt werd 
van een meer verbeeldende verwerkingsstijl.

Proefpersonen kregen op tien willekeurige momenten per dag, gedu-
rende drie dagen per week en acht weken lang, korte vragenlijsten voorge-
legd met een smartphone applicatie (experience sampling methode). Er werd 
gevraagd naar hoe ze zich op dat moment voelden en in welke mate ze datge-
ne wat ze op dat moment in gedachte hadden voor zich zagen (de mate van 
visuele verbeelding). Gemiddeld waren er 136 ingevulde meetmomenten per 
persoon. De proefpersonen waren tien mensen die meermalen depressief 
waren geweest en elf mensen die nooit depressief waren geweest.

Momenten met meer verbeelding bleken samen te hangen met meer po-
sitieve emotionaliteit en een betere stemming, ongeacht of het een positieve 
of negatieve gedachte betrof. Vervolganalyses toonden aan dat dit zowel gold 
voor mensen die voorgaande depressies hadden gehad als mensen die nooit 
depressief waren geweest. Verbeelding lijkt dus ook in het dagelijks leven 
samen te hangen met emoties, al werd het verwachte emotieversterkende 
effect niet gevonden. 

Individuele verschillen in trajecten van 
emotionele verandering
Mogelijk worden depressieve episodes bij mensen met een hoog risico op 
terugval voorafgegaan door individuele trajecten van emotionele verande-
ring, namelijk toenames in negatieve emotionaliteit en inertie van negatieve 
emotionaliteit. Inertie is de mate waarin de negatieve emotionaliteit op een 
bepaald moment afhangt van de mate van negatieve emotionaliteit op een 
vorig moment. 

Met behulp van experience sampling werd in hoofdstuk 7 onderzocht 
of individuele trajecten van negatieve emotionaliteit gedetecteerd konden 
worden bij deelnemers die meermaals depressief waren geweest en daarom 
terugvalpreventiestrategieën volgden. Voormalig depressieve deelnemers 
waren willekeurig toegewezen aan het doorslikken van antidepressiva (n = 
10), het doorslikken van antidepressiva en daarbij ook preventieve cognitieve 
therapie volgen (n = 15) of het volgen van preventieve cognitieve therapie 
met daarbij het advies de antidepressiva af te bouwen (n = 17). Er werd een 
controlegroep toegevoegd van mensen die nog nooit een depressieve episode 
hadden ervaren (n = 11). Het design van deze studie werd gepresenteerd in 
hoofdstuk 5. Voor deze studie werd terugval gedurende een periode van 15 
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maanden in kaart gebracht. Van de 42 voormalig depressieve proefpersonen 
vielen er 22 (52%) terug. 

De aanwezigheid van veranderingen in negatieve emotionaliteit en in-
ertie van negatieve emotionaliteit binnen een persoon werd getoetst met 
time-varying autoregressive analyses. De resultaten toonden aan dat geen van 
de proefpersonen de verwachte toename in inertie van negatieve emotiona-
liteit liet zien. Toenames in negatieve emotionaliteit werden gevonden in een 
klein deel (9%) van de voormalig depressieve deelnemers die terugvielen. 
Afnames in negatieve emotionaliteit of de inertie daarvan werden gevonden 
bij negen deelnemers, waarvan er vijf (56%) toch terugvielen. Bij één van de 
controledeelnemers werd een afname in inertie van negatieve emotionaliteit 
waargenomen. 

De resultaten laten zien dat individuele trajecten van negatieve emotio-
naliteit kunnen worden gedetecteerd met behulp van experience sampling en 
dat deze patronen bovendien binnen groepen met dezelfde terugvalpreven-
tiestrategie van persoon tot persoon kunnen verschillen. De verwachte toe-
names in inertie van negatieve emotionaliteit werden echter niet gevonden, 
ook niet wanneer terugval aan het eind van of kort na de terugvalpreven-
tiebehandeling had plaatsgevonden. Uit de resultaten bleek geen duidelijk 
patroon waarbij individuele emotionele trajecten aankondigen of iemand al 
dan niet terugvalt. 

Discussie
Experimenten met emotiegerichte interventietechnieken (hoofdstukken 2 
en 3) toonden aan dat er vele manieren zijn om de emotionele impact van ne-
gatieve autobiografische herinneringen te verminderen. Echter, deze studies 
maakten gebruik van non-klinische steekproeven. Het is van belang om te 
bestuderen of deze technieken ook in klinische populaties gebruikt kunnen 
worden. Dan zou er mogelijk in de klinische praktijk gebruik gemaakt kun-
nen worden van redelijk eenvoudige technieken om deze emotionele ver-
andering te bewerkstelligen. Interessant is dat ook het veranderen van het 
beeld in een ongerelateerd positief beeld de emotionaliteit leek te verminde-
ren. Het stimuleren van positieve verbeelding en emoties zou een veelbelo-
vende route kunnen zijn richting betere depressiebehandeling.

In de experimentele studie van hoofdstuk 4 bleek dat met name voor 
mensen met een lage mate van depressieve klachten een meer verbeelden-
de verwerking resulteerde in grotere emotionele impact van de negatieve 
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herinnering. Dit resultaat roept de vraag op of effecten van verbeelding mo-
gelijk anders zijn in klinische populaties en onderstreept het belang van 
replicatie in klinische steekproeven. In de discussie van dit proefschrift (in 
hoofdstuk 8) wordt bij de resultaten van hoofdstuk 4 de kanttekening ge-
plaatst dat het niet zeker is of verandering in emotionele impact werd be-
werkstelligd doordat dezelfde herinnering op een andere, meer verbeelden-
de, manier werd opgehaald of doordat het meer beeldend ophalen van de 
herinnering ook resulteerde in het ophalen van een iets andere, bijvoorbeeld 
meer gedetailleerde, herinnering. 

Verbeelding bleek in het dagelijks leven samen te hangen met een betere 
stemming (in hoofdstuk 6). Op basis van deze observationele data konden 
echter geen causale verbanden worden aangetoond. Met andere woorden, 
het is nog onbekend of meer verbeelding resulteert in betere stemming. In de 
discussie van dit proefschrift (hoofdstuk 8) wordt de mogelijkheid geopperd 
om met experimentele experience sampling (micro randomized trials) te on-
derzoeken of verbeelding in het dagelijks leven gebruikt kan worden om de 
stemming te verbeteren.

Tot slot werd in het kader van dit proefschrift de mogelijkheid onder-
zocht om met behulp van experience sampling individuele emotionele ver-
anderingstrajecten gedurende terugvalpreventiestrategieën te detecteren. 
Er werden individuele trajecten van emotionele verandering gedetecteerd 
binnen groepen die dezelfde terugvalpreventiestrategie ondergaan. Hoewel 
dit mogelijkheden biedt om interventies te personaliseren op basis van in-
dividuele trajecten, lijken de huidige resultaten zulk gebruik van experience 
sampling nog niet te rechtvaardigen. Op basis van de huidige resultaten is de 
relatie tussen individuele emotionele trajecten en terugval in mensen met 
een hoog risico daarop nog niet duidelijk. Bovendien hadden sommige proef-
personen die hersteld waren van meerdere depressieve episodes last van de 
experience sampling, wat een reden is reden tot zorg en zorgvuldigheid. Ver-
volgonderzoek zou moeten uitwijzen of de informatie die vergaard wordt 
met experience sampling bij kan dragen aan gepersonaliseerde diagnostiek en 
behandeling, waarbij de cruciale vraag is of dit resulteert in betere uitkom-
sten voor patiënten op de lange termijn. 
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Conclusie
In dit proefschrift zijn emotionele verandering, verbeelding en terugval in 
depressie onderzocht. Verschillende interventietechnieken kunnen de emo-
tionele impact van negatieve herinneringen verminderen, waaronder ook 
eenvoudige technieken zoals het veranderen van de kleuren in het beeld 
van de herinnering, zoals bleek uit studies met non-klinische steekproeven. 
Daarnaast bleek verbeelding in het dagelijks leven samen te hangen met een 
betere stemming, zowel in een non-klinische als in een klinische steekproef 
(bestaande uit mensen die hersteld zijn van meerdere voorgaande depres-
sies). De laatste studie toonde aan dat er individuele verschillen zijn in emo-
tionele verandertrajecten tijdens het ondergaan van verschillende terugval-
preventiebehandelingen. Echter, deze veranderingen binnen een persoon 
bleken niet eenduidig aan te kondigen of iemand al dan niet terugvalt. Het 
is dus de vraag of deze individuele verschillen betekenisvol zijn voor de pre-
ventie van terugval in een depressie. Vervolgonderzoek zal moeten uitwijzen 
hoe emotionele verandering tot stand kan komen in het dagelijks leven van 
patiënten, of emotionele verandering op de korte termijn ook klinisch rele-
vant is voor het beloop op de lange termijn en of individuele verschillen in 
emotie en emotionele verandering ook de basis kunnen zijn voor gepersona-
liseerde en, bovenal, verbeterde terugvalpreventie.
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Moving onwards. De titel van dit proefschrift slaat ook op de kleurrijke reis 
die dit project geweest is. Ik herinner me de fantastisch felle kleuren die ik 
met collega’s op congres in Marrakesh heb bewonderd en de prachtige pas-
teltinten van het bevroren Britse landschap tijdens het eerste bezoek aan 
Cambridge. Maar deze reis heeft bovenal kleur heeft gekregen door allen die 
dit proefschrift mogelijk hebben gemaakt. 

Om te beginnen de honderden deelnemers uit het hele land die vrijwil-
lig aan de studies hebben meegedaan. Samen hebben ze meer dan een half 
miljoen vragen beantwoord en honderden onaangename herinneringen op-
gehaald. Hun interesse en feedback was motiverend en inspirerend. Ik ben 
elke deelnemer dankbaar. 

De studies waren ook een boel werk, wat ik gelukkig niet alleen hoefde 
te doen. Dank aan de vele collega’s, assistenten, vrijwilligers en studenten. 
In het bijzonder Annika, Daniëlle, Doety, Esther, Gerard, Gemma, Hermien, 
Jolien, Judith, Nicola, Nienke en Serena. En Silvia, die stad en land heeft af-
gereisd om de deelnemers te voorzien van individuele therapie. Ik heb ge-
noten van onze samenwerking.

Mijn (co)promotoren ben ik dankbaar dat ze me op dit pad hebben gezet 
en begeleid. Claudi, jij hebt me ertoe gezet mijn ideeën verder te ontwikkelen 
en uit te voeren. Daarnaast heb je steeds kansen gezien en me in contact 
gebracht met anderen en andere projecten, waarmee je me hebt gestimuleerd 
nog veel meer uit mijn promotietijd te halen.

Maaike, jouw bijdrage was onmisbaar voor het geheel, onder andere 
door jouw kritische en klinische blik, je talent om de juiste toon te vinden 
en je onfeilbare gevoel voor logica. Ik heb ervan genoten met jou over aller-
lei onderwerpen van gedachten te wisselen en heb jouw betrokkenheid in 
bredere zin erg gewaardeerd. 

Emily, thank you for your valuable contributions and the various inter-
esting discussions.

Dit proefschrift is mede mogelijk gemaakt door de co-auteurs die met 
wijze raad en daad de studies naar een hoger niveau tilden. Casper, Elske, 
Irene, Laura, Maarten, Marcel, Marieke, Nikos, veel dank voor het delen van 
jullie expertise.

De onderzoeksschool Experimentele Psychopathologie (EPP) heeft 
een belangrijke rol gespeeld in mijn promotietraject, ook omdat mijn tra-
ject dankzij een NWO-subsidie via EPP mogelijk is gemaakt. Ik heb ervan 
genoten onderdeel uit te maken van dit inspirerende netwerk. Bij EPP is 
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wetenschap een feestje en een feestje wetenschap (lekker sociale interacties 
scoren!). Bart, Bruno, Kevin, Marije, het was enorm leerzaam en leuk om met 
jullie de symposia vorm te geven. 

Jarenlang speelde mijn leven zich voor een belangrijk deel af in het 
Heymansgebouw, waar ik elke ochtend kon rekenen op een warm welkom 
van Hendry. Met de (oud)collega’s daar en buiten de RUG heb ik letterlijk en 
figuurlijk heel wat kilometers gereisd en mooie vriendschappen gevormd. 
Alieke, Arne, Anna, Bert, Bertine, Brian, Charmaine, Dorinde, Elise, Elise, 
Esther, Eva, Fionneke, Helma, Ineke, Ingrid, Janika, Johan, Josje, Judith, 
Klaske, Koen, Laura, Leonie, Lieuwe, Lonneke, Lucia, Madelon, Maggie, 
Margo, Marieke, Marlies, Mariëtte, Meta, Miriam, Myriam, Nienke, Nina, 
Peter, Rachel, Rafaele, Renate, Retha, Rineke, Selwyn, Steven, Theo en Wiljo, 
bedankt!

Sinds dit jaar geniet ik ook van het vervolg van mijn reis bij Lentis, waar 
ik met Jojanneke, Stynke en alle collega’s van Lentis Research, de aanmeld-
service en het team van Samen voor Herstel nog met veel plezier door blijf 
leren.

Roomies! Lieve Aaltje, Lonneke en Rozanne, met jullie werd keihard 
werken afgewisseld met zoveel onversneden pret, dat ik denk dat het onder 
onze postive-mood-induction-deur door de gang in moet zijn gelopen. 

Lonneke, natuurlijk kan ik de wonderen van Hv 311 niet beter beschrijven 
dan jij hebt gedaan in je dankwoord. Maar dat dus. Thanks for being a 
wonderful roomie and friend. Dankzij jouw opbouwende humor was het erg 
moeilijk dit traject of mezelf te serieus te nemen en ik vind het fantastisch dat 
je tijdens mijn promotie ook naast me zal staan. 

Lieve Anne Marthe, er is geen RCT voor nodig om te weten dat onze in-
tervisiesessies een significant effect hebben gehad. Dank dat je er steeds was, 
met een bijzondere vanzelfsprekend, om teleurstellingen weg te wandelen 
in het Noorderplantsoen en de hoogtepunten te vieren met koffie, Clairette 
de Die, port, kaas en chocolade. Aan onze keukentafel is er een plek voor jou. 

Wat ben ik dankbaar voor mijn (en Gerard zijn) fantastische familie 
en vrienden, dankzij wie ik steeds heb ervaren dat er ook nog een heerlijke 
wereld was naast het promoveren. Ik wil hier graag in het bijzonder oma, 
Anna, Esther, Jan-Willem, Joris en Eva (leve de kommune!) en Sietske be-
danken voor jullie betrokkenheid en belangstelling, de etentjes en einde-
loze telefoongesprekken, de klushulp en kneuterigheid, de vakanties en vi-
eringen, de wijsheid en de wandelingen (als het weer maar slecht is!). En 
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Marieke, voor mij blijf je altijd een inspiratie om vooral niet te vergeten elke 
dag volop te leven.

Lieve B & E, Parentibus. Jullie hebben me zowel dik ingepakt met liefde, 
steun en vertrouwen als me alle ruimte gegeven. Samen met Gerard vorm-
den jullie tijdens met PhD een sterk ‘team Christien’, dat altijd aan mijn kant 
stond en trots op me was. Ondertussen produceerden jullie zelf het ene na 
het andere geleerde document en hebben jullie het goed samen. Ik ben trots 
op jullie.

Gerard, te midden van alle verbeelding en veranderende emoties was 
jij, mijn steun en toeverlaat, mijn lief, mijn verrukkelijke realiteit. Wat heb ik 
toch ontzettend geboft!
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List of Abbreviations

AB = Attentional breathing
ADM = Antidepressant medication
BF = Bayes factor
BIC = Bayesian information criterion
CI = Confidence interval
DSM–IV = Diagnostic and statistical manual of mental disorders, 4th edition
EM = Eye movements
EMDR = Eye-movement desensitization and reprocessing
ESM = Experience sampling methodology
HRSD = Hamilton rating scale for depression
IDS = Inventory of depressive symptomatology
ImRs = Imagery rescripting
MBCT = Mindfulness-based cognitive therapy
MDD = Major depressive disorder
NA = Negative affect
PA = Positive affect
PCT = Preventive cognitive therapy
RCT = Randomized controlled trial
RRS = Ruminative response scale
SCID-I = Structured clinical interview for axis I DSM–IV disorders
SD = Standard deviation
SUIS = Spontaneous use of imagery scale
VAS = Visual analogue scale
WM = Working memory


