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The purpose of this PhD thesis was to shed light on altered reward function in 

anhedonia from a micro-level perspective. In this general discussion, a brief 

description of each chapter is outlined along with a bullet-wise summary of its main 

findings. Next, reflections on these findings in terms of the anhedonia concept are 

discussed, as well as reflections on these findings in terms of methodology, and 

research reproducibility. Finally, implications for treatment of anhedonia are 

described, ending the chapter with some concluding remarks. 
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SUMMARY OF THE MAIN FINDINGS 

Anhedonic individuals’ ability to pursue reward in daily life  
In chapter 2, anhedonic and non-anhedonic individuals were compared in terms of 

their (1) network dynamics in positive emotions, (2) moment-to-moment transfer of 

positive emotions, and (3) reciprocal associations between feeling positive and feeling 

motivated through time. Multilevel Vector auto-regression (VAR) multilevel models 

were carried out to analyze ESM data from the No Fun No Glory (NFNG) study. The 

results demonstrated that, compared to non-anhedonic individuals, anhedonic 

individuals experienced: 

• Lower levels of PA and motivation. 

• Similar moment-to-moment transfer of low, medium, and high approach PA. 

• Similar networks of reciprocal associations between PA and low, medium, 

and high approach emotions. 

• Different influences throughout the network of reciprocal dynamics. 

Whereas ‘cheerfulness’ was the most influential node in the network of 

anhedonic individuals, ‘relaxed’ was most influential in non-anhedonic 

individuals. 

• Stronger paths from PA to motivation. 

 

Anhedonic individuals’ ability to experience reward in daily life  
In chapter 3, anhedonic individuals’ ability to increase Positive Affect (PA) was 

investigated in response to a pleasurable event, together with its temporal dynamics. 

In addition, the results were analyzed to determine whether they differed between 

low-arousal PA (i.e., feeling relaxed; feeling calm) and high-arousal PA (i.e., feeling 

cheerful; feeling energetic). Results from the multilevel analyses on ESM data from the 

NFNG study showed that, compared to non-anhedonic individuals, anhedonic 

individuals experienced: 

• Lower average levels of overall PA, in particular high-arousal PA. 

• Greater variability in overall PA (i.e., within-person variance), especially high-

arousal PA. 

• Greater degree of instability in overall PA (i.e., Root Mean Successive 

Squared Difference), in both low-arousal and high-arousal PA. 

• Similar temporal dependencies in overall PA (i.e., within-person 

autocorrelation), as well as in high- and low arousal PA. 

• Similar PA reactivity in overall PA and low-arousal PA (i.e., an increase in PA 

in response to a pleasurable event). 
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• Greater reactivity in high-arousal PA. However, after the model was trimmed 

by omitting the non-significant cross-level interaction (i.e., within-person 

autocorrelation), the greater increase of anhedonic individuals in high-

arousal PA was no longer significant. 

 

Anhedonic individuals’ ability to learn about reward in daily life  
In chapter 4, implicit (i.e., non-conscious) reward and punishment learning 

processes were investigated with regard to social and physical activity, and 

alterations in such Pavlovian learning processes in anhedonia. Results from the 

multilevel analyses on ESM data from the NFNG study showed that: 

• Anhedonic individuals were equally socially and physically active as non-

anhedonic individuals. 

• There was no robust evidence of learning processes in individuals with 

anhedonia, nor alterations of such processes in individuals without 

anhedonia. Except for one punishment learning effect: 

• Individuals tended to spend less time in company of friends if they had 

spent an above-average amount of time with friends and experienced an 

above-average amount of NA while being in the company of friends on the 

prior day. 

 

Measuring change in reward processes  
In chapter 5, the suitability of the Bangor Gambling Task (BGT) as a longer-term re-

assessment tool of the Iowa Gambling Task (IGT) was investigated. This was in terms 

of its ability to reliably measure change in reward function over time and to help 

determine whether it would open up important new research avenues. Instead of 10 

minutes apart, the IGT and BGT were administered approximately three years apart. 

Results from the repeated measures analysis of variance on data from the TRacking 

Adolescents' Individual Lives Survey (TRAILS) showed: 

• Visually similar incremental reward and punishment learning patterns as 

reported in the study of Bowman & Turnbull (2004) during both tasks. 

• No correlation between overall performance on the BGT and IGT, whereas 

Bowman & Turnbull (2004) reported a correlation of r = .93. 
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Potential benefits of multiple testing 
In chapter 6, 2160 regression effects were tested within a single study to demonstrate 

how a multiple testing approach can help to better understand persistent 

inconsistencies in psychiatric genetics. To illustrate the approach, an evaluation of the 

explanations for the inconsistent evidence on the interplay between serotonin-

transporter-linked promoter region (5-HTTLPR) and adversity on depression was 

performed. Using all possible combinations of all measures of 5-HTTLPR, adversity, 

and depression available in TRAILS, the plausibility of chance capitalization as a 

contributor to the inconsistent findings was evaluated. Explanations of the 

inconsistent findings in gene-environment research are predominantly centered on 

methodological differences such as type of assessment, severity of adversity, and 

timing of the adversity, but also include sex differences, and differences in the 

approach when modeling the genotype. The presence of such patterns was 

investigated in proportions of statistical significance (i.e., p < .05) across subsets of 

similar but methodologically slightly different operationalizations of the same 

interaction effect. Absence of the predicted patterns, together with randomly 

distributed significant effects in, on average, approximately 5% of all tests, were 

considered support for chance capitalization as an alternative explanation. The 

following was identified: 

• 0.4% of the interaction effects obtained by regression models that included 

interview-based assessments of adversity or depression were significant, 

versus 6.3% of those regression models that included questionnaire-based 

assessments of adversity or depression. 

• 1.9% of the interaction effects obtained by regression models that included 

severe adversities were significant, versus 9.4% of those regression models 

that included mild adversities. 

• 9.0% of the interaction effects obtained by regression models that included 

early adversities were significant, versus 9.7% of those regression models 

that included adversities experienced later in life. 

• 12.2% of all interaction effects were significant in male participants, versus 

6.1% in female participants. 

• 7.2% of all interaction effects were significant when the 5-HTTLPR genotype 

was modeled bi-allelicly, versus 3.6% when modeled tri-allelicly. 

• Overall, 7.9% of interaction effects tested was significant. 

• Visual inspection of the significant effects showed a non-random 

distribution, with a concentration around parent-reported measures. 
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REFLECTIONS ON THE CONCEPT OF ANHEDONIA 

Abilities to pursue pleasure do not match actual pleasure pursuit 
High PA is hypothesized to boost psychological well-being because, among other 

things, it would facilitate goal-directed action (Fredrickson, 2001, 2013; Fredrickson, 

Mancus, et al., 2000). Anhedonia, conversely, is associated with a reduced approach 

motivation (Berridge, Robinson, & Aldridge, 2009; Franzen & Brinkmann, 2016; 

Germans & Kring, 2000; Gold et al., 2013; McCarthy et al., 2015; Shankman et al., 2014; 

Treadway & Zald, 2011; Yang et al., 2014). Arousal is considered a proxy for approach 

motivation (Bradley & Lang, 2007). In line with these findings, anhedonic individuals 

typically felt less interested and experienced lower levels of motivation (chapter 2), 

and lower levels of high-arousal PA (chapter 3). 

Our findings suggest that impairments in anhedonic individuals’ ability to 

pursue pleasure may not merely reside in an overall lower average of motivation, but 

rather in the inter-organizational network structure underlying motivation. Anhedonic 

individuals demonstrated lower motivation levels than their non-anhedonic 

counterparts, but a similar moment-to-moment transfer of motivation. Coupled, these 

findings suggest that individuals with anhedonia could be stuck or “trapped” in 

feeling unmotivated and, as such, could have an impaired ability to pursue pleasure. 

One would expect that, if anhedonic individuals are indeed “trapped” in feeling 

less motivated, this would translate into less engagement in pleasurable activities. 

However, the findings presented in this PhD thesis demonstrated that individuals with 

and without anhedonia did not engage differently in two activities that are often 

perceived as pleasurable: physical and social activity (chapter 4). That anhedonic and 

non-anhedonic individuals did not differ in their levels of physical and social activities 

may be due to the relative mildness of the anhedonia symptom. The sample of 

individuals utilized in this research exhibited subclinical anhedonic complaints and, 

perhaps, the subjective experience of decreased ability to pursue pleasure has to be 

more severe before it impacts on actual engagement in daily life. In this subclinical 

sample of anhedonic individuals, low levels of PA seem to have the potential to 

instigate a downward spiral in anhedonic individuals’ motivation (chapter 2). Possibly, 

if the subjective loss of pleasure worsens, or the downward spiral between PA and 

motivation continues, the impaired ability to pursue pleasure increasingly emerges in 

one’s lack of engagement in pleasurable activities. 

Another explanation for the mismatch between the subjectively decreased and 

objectively unchanged ability to pursue pleasure could be that the participants under 

study had limited degrees of freedom to act upon the subjective ability to pursue 

pleasurable activities. Whereas the subjective ability to pursue pleasure can vary freely 
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(e.g., motivation and interest), the more objective actual engagement in pleasurable 

activities is constrained by external factors such as obligatory classes in school, or 

scheduled work shifts. Most NFNG participants were still in school and often had a 

student job on the side. Both anhedonic and non-anhedonic participants may thus 

have been obliged to perform certain tasks, and the restricted freedom or ability to 

act upon urges to pursue pleasure may explain why the decreased motivation and 

interest in anhedonic individuals did not translate to actual engagement. 

 Taken together, in line with its recent reconceptualization, we found 

anhedonia to be associated with decreased motivation and interest at the micro-level. 

However, the decreased urge to pursue pleasure did not seem to match individuals’ 

actual pleasure pursuit. Future research on anhedonic individuals’ ability to pursue 

pleasure would benefit from replicating this study in an ESM sample of individuals 

with clinically relevant levels of anhedonia. As clinical settings may come with limited 

degrees of freedom to act upon feelings of motivation and interest, it would be 

interesting to couple the ESM data on the subjective pleasure pursuit of the clinical 

sample of anhedonic individuals to other, more objective measures of pleasure pursuit 

that can vary freely. It would be interesting, for example, to couple ESM data to 

computer tasks that circumvent the obligations encountered in daily life, such as the 

Effort Expenditure for Rewards Task (EEfRT; Treadway, Buckholtz, Schwartzman, 

Lambert, & Zald, 2009). Perhaps even better would be to use a large cohort study for 

which ESM data was collected in individuals with anhedonia outside of a clinical 

setting, and compare subjective pleasure pursuit between individuals with anhedonia 

that ranges from mild to severe. To be able to observe actual pleasure pursuit, this 

large ESM study should also include data on those moments when anhedonic 

individuals have no obligations and complete control over their time. 

 

Pleasure experience in anhedonia: unstable, and not inert? 

In line with its recent reconceptualization, on the micro-level, anhedonia was found 

associated with lower levels of pleasure experience on average. In addition, an 

association was found between anhedonia and moment-to-moment positive affective 

instability. Compared to non-anhedonic individuals, anhedonic individuals showed a 

larger range of PA levels (i.e. greater variance), and more frequent fluctuations in PA 

(i.e., greater MSSD). Affective instability is often linked to low psychological well-being 

(see for a meta-analysis: Houben et al., 2015), a wide range of mental health problems 

(Carpenter & Trull, 2013; Koval, Pe, Meers, & Kuppens, 2013; Nica & Links, 2009; Trull 

et al., 2008, 2015), and an increased predictive onset risk of psychopathology (Peter 

Kuppens et al., 2012, 2010; Neumann, van Lier, Frijns, Meeus, & Koot, 2011).  
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Affective instability is often combined with affective inertia (Houben et al., 2015), 

but we found no evidence of such combination (chapter 3). Affective inertia is often 

operationalized as the correlation in emotions from one assessment to the next, and 

reflects the degree to which an emotion carries over from one moment to the next 

(Peter Kuppens et al., 2010; Peter Kuppens & Verduyn, 2017). High correlation in 

moment-to-moment affect has been associated with psychological well-being (see for 

a meta-analysis: Houben et al., 2015), psychopathologies (Carpenter & Trull, 2013; 

Koval et al., 2013; Nica & Links, 2009; Trull et al., 2008, 2015) and treatment success of 

depressive symptoms (Höhn et al., 2013). Furthermore, in treatment studies, inert PA 

emerged as an important target in the prevention of and recovery from depressive 

symptoms (Höhn et al., 2013). In the first two chapter of this PhD thesis, we found no 

link between anhedonia and the autocorrelation in PA, nor support for differences in 

PA network density in anhedonia. Using a network model, high emotion-network 

density can also reflect affective inertia and was previously associated to neuroticism 

(Bringmann et al., 2016) and depression (Pe et al., 2015). 

The lack of associations between anhedonia and PA inertia could be attributed 

to sample characteristics or sampling frequency, and will be discussed in more detail 

here. The first possible reason is that the sample used was subclinical, and affective 

inertia is present in clinical but not subclinical populations. However, differences in 

neuroticism have also been associated with differences in affective inertia (Bringmann 

et al., 2016), which suggests that inertia can be found in subclinical populations but 

perhaps not in subclinical populations on anhedonic individuals. Another possibility 

for why PA inertia could not be observed is the sampling frequency applied. The 

sampling frequency is the number of assessments per day. It largely determines the 

dynamic processes that can be captured (Ebner-Priemer & Sawitzki, 2007; Hollenstein 

et al., 2013), and different sampling frequencies can produce very different profiles of 

change (Koval et al., 2013). Given that inertia is the degree to which an emotion 

carries over from one moment to the next (Kuppens et al., 2010; Kuppens & Verduyn, 

2017), the time frame of six hours may have been less suited to capture affective 

inertia. As part of a meta-analysis, Houben and colleagues (2015) investigated how 

methodological factors correlated with the effect sizes found for inertia. ESM studies 

that included effects of inertia (i.e., autocorrelation) on individuals’ psychological well-

being used  sampling frequencies between 1 and 27, with a mean of 8 measurements 

a day (Houben et al., 2015). Over a total of 120 effects of inertia on psychological well-

being, the differences in effect sizes did not correlate with the time interval between 

measurements. Nevertheless, positive and negative emotions may not be identically 

linked to psychological well-being (Houben, 2015), and the reward processes 

underlying inertia in anhedonia on shorter and longer time scales may be different 
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(Ebner-Priemer & Sawitzki, 2007). Perhaps, inert PA is maladaptive when measured on 

a short time scale (e.g., in seconds; Kuppens, Allen, et al., 2010), but irrelevant or even 

adaptive when measured on a six-hour time scale.  
In sum, in line with its recent reconceptualization, anhedonia was associated 

with lower average levels of PA. Importantly, however, the data was also supportive of 

the notion that the experience of pleasure is not a static phenomenon but rather 

dynamically transient. Though replication is warranted, findings presented in PhD 

thesis suggest that impairments in anhedonic individuals’ ability to experience 

pleasure do not reside in their ability to experience pleasure, but rather in their ability 

to keep the pleasurable experiences stable. Possibly, at the micro-level, individuals 

with anhedonia have unstable but not inert positive emotion dynamics. Future ESM 

researchers who are interested in the role of inertia in anhedonia are strongly 

recommended to use ESM-datasets with a time interval somewhere between a couple 

of seconds and two hours. In addition, it may be fruitful to investigate whether these 

micro-mechanisms are also observed in clinical populations, and to what extent the 

changes in these micro-mechanisms are predictive of longer-term trajectories of 

anhedonia. To this end, one would need studies with a long duration or multiple ESM-

studies among the same individuals several weeks or months apart. 

 

Anhedonia and hypersensitivity to context 
According to theory and findings from single time assessment of self-reported 

experience, expressive behavior, and peripheral physiology (Bylsma et al., 2008; 

Rottenberg, 2005; Rottenberg, Gross, & Gotlib, 2005), depressed individuals would 

demonstrate attenuated emotional reactivity to positively valenced stimuli and 

contexts. However, ESM studies among individuals with and without depressive 

symptoms indicated either no difference in sensitivity to reward (Bylsma et al., 2011; 

Oorschot et al., 2013; Thompson et al., 2012; van Roekel et al., 2015), or evidence in 

support of the opposite; a hypersensitivity to reward or mood brightening effect 

(Bylsma et al., 2011; Peeters et al., 2003). The findings presented in this PhD thesis 

demonstrated anhedonia to be associated with a somewhat greater NA reduction 

when experiencing a positive event, and a greater increase in high-arousal PA 

(chapter 3). Although the increase in PA appeared not robust, the greater 

reductions in NA in reaction to positive events is in line with previous research in 

which signs of the mood brightening effect were found. Several explanations for 

such counter-intuitive mood-brightening effects have been proposed. Three of the 

most relevant explanations will be discussed in more detail. 
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Affective instability is often combined with affective inertia (Houben et al., 2015), 

but we found no evidence of such combination (chapter 3). Affective inertia is often 

operationalized as the correlation in emotions from one assessment to the next, and 

reflects the degree to which an emotion carries over from one moment to the next 

(Peter Kuppens et al., 2010; Peter Kuppens & Verduyn, 2017). High correlation in 

moment-to-moment affect has been associated with psychological well-being (see for 

a meta-analysis: Houben et al., 2015), psychopathologies (Carpenter & Trull, 2013; 

Koval et al., 2013; Nica & Links, 2009; Trull et al., 2008, 2015) and treatment success of 
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carries over from one moment to the next (Kuppens et al., 2010; Kuppens & Verduyn, 
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a day (Houben et al., 2015). Over a total of 120 effects of inertia on psychological well-

being, the differences in effect sizes did not correlate with the time interval between 

measurements. Nevertheless, positive and negative emotions may not be identically 

linked to psychological well-being (Houben, 2015), and the reward processes 

underlying inertia in anhedonia on shorter and longer time scales may be different 
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(Ebner-Priemer & Sawitzki, 2007). Perhaps, inert PA is maladaptive when measured on 

a short time scale (e.g., in seconds; Kuppens, Allen, et al., 2010), but irrelevant or even 

adaptive when measured on a six-hour time scale.  
In sum, in line with its recent reconceptualization, anhedonia was associated 
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dynamically transient. Though replication is warranted, findings presented in PhD 

thesis suggest that impairments in anhedonic individuals’ ability to experience 

pleasure do not reside in their ability to experience pleasure, but rather in their ability 

to keep the pleasurable experiences stable. Possibly, at the micro-level, individuals 

with anhedonia have unstable but not inert positive emotion dynamics. Future ESM 

researchers who are interested in the role of inertia in anhedonia are strongly 

recommended to use ESM-datasets with a time interval somewhere between a couple 

of seconds and two hours. In addition, it may be fruitful to investigate whether these 

micro-mechanisms are also observed in clinical populations, and to what extent the 

changes in these micro-mechanisms are predictive of longer-term trajectories of 

anhedonia. To this end, one would need studies with a long duration or multiple ESM-

studies among the same individuals several weeks or months apart. 

 

Anhedonia and hypersensitivity to context 
According to theory and findings from single time assessment of self-reported 

experience, expressive behavior, and peripheral physiology (Bylsma et al., 2008; 

Rottenberg, 2005; Rottenberg, Gross, & Gotlib, 2005), depressed individuals would 

demonstrate attenuated emotional reactivity to positively valenced stimuli and 

contexts. However, ESM studies among individuals with and without depressive 

symptoms indicated either no difference in sensitivity to reward (Bylsma et al., 2011; 

Oorschot et al., 2013; Thompson et al., 2012; van Roekel et al., 2015), or evidence in 

support of the opposite; a hypersensitivity to reward or mood brightening effect 

(Bylsma et al., 2011; Peeters et al., 2003). The findings presented in this PhD thesis 

demonstrated anhedonia to be associated with a somewhat greater NA reduction 

when experiencing a positive event, and a greater increase in high-arousal PA 

(chapter 3). Although the increase in PA appeared not robust, the greater 

reductions in NA in reaction to positive events is in line with previous research in 

which signs of the mood brightening effect were found. Several explanations for 

such counter-intuitive mood-brightening effects have been proposed. Three of the 

most relevant explanations will be discussed in more detail. 
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The first and foremost mentioned explanation for the counter-intuitive greater 

reactivity to positive events is based on the frequency of positive events. Possibly,  

anhedonic individuals experience a lower number of positive events than their non-

anhedonic counterparts, and this deprivation of positive events causes them to 

react more intensely when the positive events re-occur (Bennik, 2015; Bylsma et al., 

2011). In line with this reasoning, individuals with more depressive symptoms 

typically report a lower number of positive events than those individuals with less 

depressive symptoms (e.g., van Roekel et al., 2015), and a lower proportion of 

positive events compared to negative events (e.g., Bylsma et al., 2011). The number 

of positive events was not measured in the No Fun No Glory study, nor the 

proportional experience of positive versus negative events. However, in the one 

study in which the moderating effects of the number and proportion of positive 

events on mood-brightening effects were tested, no support for such moderating 

effects was found (Bylsma et al., 2011). 

Another explanation for the mood-brightening effect could be that anhedonic 

individuals have a higher threshold to appraise or label a positive event as equally 

pleasurable as non-anhedonic individuals. Under the assumption that the strength 

of the PA response is determined by the actual rather than reported 

pleasurableness of an event, anhedonic individuals may seem to have a stronger 

PA/NA response to positive events (i.e., greater PA/NA reactivity; a stronger 

increase in PA and a stronger decrease in NA), while, in actuality, the PA/NA 

reactivity to the positive events does not differ between anhedonic and non-

anhedonic individuals. The findings presented in this PhD thesis were in line with 

such an explanation (chapter 3), as they showed lower appraisal of positive events 

by anhedonic versus non-anhedonic individuals on average and mood-brightening 

effects were identified – at least with regard to NA. However, according to appraisal 

theories, not events themselves impact affect or arousal directly, but rather their 

subjectively assessed significance (Ellsworth, 2013; Moors, 2013; Moors, Ellsworth, 

Scherer, & Frijda, 2013), making the explanation of an emotional reactivity elicited 

by event instead of appraisal of the event unlikely. 

A third plausible explanation of the mood-brightening effect that, in my 

opinion, has been largely ignored thus far is that of conceptual differences between 

studies. Perhaps, reward function on the micro-level or obtained by idiographic 

methods taps into different subprocesses of reward function, and thus different 

subconcepts, than when measured at the macro-level. The difference in concepts 

may explain the discrepancy between the mood-brightening effect found in 

idiographic research and the blunted PA predicted by theory and found in nomothetic 

research. Possibly, laboratory studies and tasks target implicit reward processes, 
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whereas ESM studies can only track the part of reward functioning that is accessible to 

conscious awareness (Berridge & Kringelbach, 2008; Rømer Thomsen, 2015). 

 
Impairments in the ability to learn about reward 
Given that this study did not identify robust micro-level reward learning effects in 

non-anhedonic individuals, the potential impairments of such effects in anhedonic 

individuals could not be investigated. That is, a large variety of different tests were 

performed, but only one Pavlovian learning effect survived the corrections for multiple 

testing. Both individuals with and without anhedonia tended to spend less time in 

company of friends if they had spent much time with friends and simultaneously 

experienced much NA while being in the company of friends on the prior day. Even 

though this punishment learning effect was small, the identification of such an effect 

across days is promising for future ESM research into micro-level reward learning in 

anhedonia. These results demonstrate that not only researchers with an ESM-dataset 

of 10 momentary ESM assessments a day will be able to capture implicit learning 

processes in daily life (Wichers et al., 2015), but also researchers who sampled in 

short-term retrospect and at a lower frequency. 

 
REFLECTIONS ON THE EXPERIENCE SAMPLING METHOD (ESM) 

Since the last assessment, I felt … ? 
The ESM study used in this PhD thesis was part of an exploratory randomized 

controlled trial, of which the main goal was to investigate personalized lifestyle advice 

and tandem skydives as means to reduce anhedonia (for its outcomes, please see: Van 

Roekel et al., 2017). Non-anhedonic participants were asked to complete diary 

questionnaires for at least 30 days, and anhedonic participants for at least 90 days. 

Given the long study duration, and to prevent over burdening, participants were 

sampled three times a day. As sampling thrice a day in a momentary fashion would 

mean that many experiences would not be recorded, a partially retrospective 

approach was adopted. In the afternoon and evening assessments participants were 

asked for retrospective ratings (i.e., since the last assessment). To prevent distortion of 

the retrospective reports by sleep (Stickgold & Walker, 2005), in the morning 

assessments, participants were asked for in-the-moment ratings (i.e., at the time of 

the assessment). Regardless of time of occurrence, subjective states and experiences 

are transient, and the short-term retrospective assessments might have been subject 

to retrospective recall bias. 
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subconcepts, than when measured at the macro-level. The difference in concepts 

may explain the discrepancy between the mood-brightening effect found in 

idiographic research and the blunted PA predicted by theory and found in nomothetic 
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whereas ESM studies can only track the part of reward functioning that is accessible to 
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Impairments in the ability to learn about reward 
Given that this study did not identify robust micro-level reward learning effects in 

non-anhedonic individuals, the potential impairments of such effects in anhedonic 

individuals could not be investigated. That is, a large variety of different tests were 

performed, but only one Pavlovian learning effect survived the corrections for multiple 

testing. Both individuals with and without anhedonia tended to spend less time in 

company of friends if they had spent much time with friends and simultaneously 

experienced much NA while being in the company of friends on the prior day. Even 

though this punishment learning effect was small, the identification of such an effect 

across days is promising for future ESM research into micro-level reward learning in 

anhedonia. These results demonstrate that not only researchers with an ESM-dataset 

of 10 momentary ESM assessments a day will be able to capture implicit learning 

processes in daily life (Wichers et al., 2015), but also researchers who sampled in 

short-term retrospect and at a lower frequency. 

 
REFLECTIONS ON THE EXPERIENCE SAMPLING METHOD (ESM) 

Since the last assessment, I felt … ? 
The ESM study used in this PhD thesis was part of an exploratory randomized 

controlled trial, of which the main goal was to investigate personalized lifestyle advice 

and tandem skydives as means to reduce anhedonia (for its outcomes, please see: Van 

Roekel et al., 2017). Non-anhedonic participants were asked to complete diary 

questionnaires for at least 30 days, and anhedonic participants for at least 90 days. 

Given the long study duration, and to prevent over burdening, participants were 

sampled three times a day. As sampling thrice a day in a momentary fashion would 

mean that many experiences would not be recorded, a partially retrospective 

approach was adopted. In the afternoon and evening assessments participants were 
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the retrospective reports by sleep (Stickgold & Walker, 2005), in the morning 
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the assessment). Regardless of time of occurrence, subjective states and experiences 
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to retrospective recall bias. 
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Retrospective recall bias is a systematic error in accuracy or completeness of the 

recollections retrieved when individuals are asked to reflect on the past (Schwarz & 

Oyserman, 2001; Gorin & Stone, 2001; Hufford, Shiffman, Paty, & Stone, 2001). For 

example, when asked in retrospect, and compared to momentary assessments, 

individuals can assign more weight on experiences that they deem more relevant (i.e., 

the personal heuristics bias); on experiences that match their mood when filling in the 

assessment (i.e., mood-congruent bias); on experiences that occurred more recently 

(i.e., recency bias); or on experiences that are novel or perceived as more intense (i.e., 

salience or novelty bias). Many studies have found recall bias when comparing 

individuals’ momentary ratings to their retrospective report over weeks or days (e.g., 

Mill, Realo, & Allik, 2016), but only few studies have investigated retrospective bias 

over hours or minutes. One study investigated pain experiences during and 

retrospectively after 20-30 minute colonoscopy exams, and demonstrated that the 

retrospective ratings of pain were unduly influenced by how recent and how intense 

the pain was compared to the individuals’ in-the-moment ratings (Redelmeier & 

Kahneman, 1996). The finding suggests that retrospective recall bias of affective 

experiences can set in at intervals as short as half an hour. 

There are some indications that mood-congruent recall bias might be 

systematically related to anhedonia and, as such, may have artificially inflated the 

relationship found between lower levels of positive mood and anhedonia. For 

example, in a study in which the occurrence of PA expression was counted, individuals 

with borderline personality disorder recalled less PA in retrospect than was observed 

by the research team (Brown, Tragesser, Tomko, Mehl, & Trull, 2013). Similarly, in a 

study that compared recall bias in individuals with depressive symptoms, individuals 

with more depressive symptoms appeared to recall less positive moods than 

individuals with fewer symptoms (Wenze, Gunthert, & German, 2012). It is therefore 

possible that anhedonia might lead to an increase of mood-congruent retrospective 

recall bias in which individuals with anhedonia report lower levels of positive affect or 

lower levels of pleasurableness of positive events. As such, recall bias could be 

another explanation for the mood-brightening effect discussed above under 

“Anhedonia and hypersensitivity to context”. However, compared to the degree of 

recall bias that occurs in nomothetic research where participants are usually asked to 

retrospectively aggregate PA experiences over two weeks, months, or more (e.g., in 

the Adult Self-Report participants are asked to look back over the past 6 months; 

Achenbach & Rescorla, 2003), the recall bias within six hours is relatively small. 

To exclude all possible recall bias, researchers who want to further investigate 

reward functioning in anhedonia by means of ESM may benefit from using a non-

retrospective ESM-design and thus momentary assessments. The momentary 
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approach, however, may need a more intensive ESM design (i.e., with a higher 

sampling frequency) to prevent vital information from being missed. 

 

Reactivity to ESM 
In response to the awareness of being observed, individuals in the ESM study may 

have modified aspects of their emotional experience or behavior - a phenomenon 

also known as the observer effect (Roethlisberger & Dickson, 1939; Vonk, 2007). 

Following the screening of nearly 3000 individuals, and encouraged by the ethical 

committee, participants of the NFNG study were informed about the reason why they 

got selected for the diary-part of the study: because they were categorized as either 

anhedonic or non-anhedonic in comparison to their peers. Although it is possible that 

participants reacted to this information by reporting respectively lower or higher PA 

from day one and forward, it is, however, more likely that the reactivity to ESM grew 

gradually during the study period. ESM is known to increase awareness and, as such, 

may function as a therapeutic tool. For example, asking individuals about their 

positive affective state can make them more aware of these feelings (not always, e.g.: 

Hufford, Shields, Shiffman, Paty, & Balabanis, 2002; Myin-Germeys et al., 2009). The 

awareness, in turn, can enhance feelings of positivity. Interestingly enough, this study 

identified trends in PA that were in contrast to this: the average levels of PA in 

individuals with anhedonia slightly decreased over the study period (chapter 2). Purely 

speculative, perhaps, the increase in awareness also took place in NA, and the PA was 

decreased via an increase in NA. 

On initial reflection, the performance of three assessments a day may seem less 

of a therapeutic intervention than ten assessments a day, but two out of the three 

assessments were retrospective, and the retrospective nature might have induced 

even more awareness because participants were asked to actively recollect previous 

experiences. In fact, studies into effects of mindfulness may use nearly the same 

assessment techniques to get individuals in the present moment, as mindfulness has 

been defined as “bringing one’s complete attention to the present experience on a 

moment-to-moment basis” (Marlatt & Kristeller, 1999; p. 68). Further support that 

reactivity to ESM may have influenced participants’ ratings of PA comes from the 

information participants shared with NFNG staff during meetings before and after the 

first 30 days of the ESM study period. For example, one participant told me that the 

ESM study had made him more aware of the activities he did everyday (see quote on 

next page). 

In addition to ESM effects on the awareness of experiences and potentially on 

the intensity of feelings, ESM may also induce a decrease in variance over time. 
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Especially when participants have to comply for a long time; automatization may set 

in. To decrease the burden that ESM may pose on participants, participants may 

develop a more automatic response that demands less introspection. Less 

introspection might result in ratings that are less reflective of the participants’ actual 

experiences. The automatic response could be circumvented by sampling a different 

set of emotions at random time points instead of administering the same questions 

repeatedly but may not always be needed. In our case, the average variance in PA 

increased by approximately 25% between the start and end of ESM assessments, and 

the variance in PE (i.e., how pleasurable the most positive event was) with by 

approximately 15%. In other words, the average variance increased instead of 

decreased over the ESM study period. Possibly, given the gradually decreasing trend 

in PA over time, the increase in variance partly comes from a gradual decrease in 

pleasure experiences over time in some but not all participants. It should be noted 

though that the identification of an increase of variance on the group-level, does not 

exclude that within individuals the variance in ratings decreased over time. 

 

 
 

Generalizability of findings 
Generalizability refers to the persistence of an effect in settings different from and 

outside of an experimental framework (Goodman et al., 2016). In order to be 

generalizable, scientific studies should have an externally valid and representative 

design - both in sample and in conditions (Brunswik’s, 1956). Ecological validity is the 

term used to refer to external validity. Typically, to increase internal validity, a behavior 

or phenomenon is studied in a controlled environment. Strong internal validity allows 

researchers to investigate whether X causes Y, while ruling out extraneous variables 

and alternative causes. Contrary to the controlled environments often used in 

laboratory settings, ESM studies are designed to study a phenomenon as it occurs 

naturally and spontaneously in the natural habitat of man: daily life. 

 
“The daily assessment also made me more aware 

of the things I actually did every day” 
[Translated from Dutch] 

 
  - Anonymous participant 
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The relative importance of internal versus external validity has been discussed 

for long (Mehl & Conner, 2012). One cold argue that high internal validity outweighs 

high external validity when studying reward function in anhedonia, because measures 

that are obtained under controlled conditions may apply to a wide range of situations 

and contexts. However, one could also argue the reverse: the advantage of ESM 

outweighs the advantage of aggregation across different contexts because by 

observing how reward functions unfold in natural contexts, without controlling for 

other things that may influence its function, reward function in anhedonia can be 

investigated within the full complement of circumstances that typify that particular 

individual’s daily life (Mehl & Conner, 2012). Whereas in nomothetical research 

internal validity is often preferred over external validity, in idiographic research, it is 

the other way around. The difference in relative importance attached to internal and 

external validity does not mean that the two approaches differ in the importance in 

findings. In my opinion, without compromising on the importance of nomothetic 

research, idiographic research can provide different but equally important and 

complementary insights. Perhaps, all that’s needed is time and more replication of 

ESM-studies, as Cohen (1994) once said: “For generalization, psychologists must 

finally rely, as has been done in all the older sciences, on replication”. 

 

Translation from lab to life 
Different from what is typically found in laboratory studies on depression and 

anhedonia (Bylsma et al., 2008; Huys et al., 2013; Pechtel, Dutra, Goetz, & Pizzagalli, 

2013; Whitton et al., 2015), only small differences in reward functioning were 

identified between anhedonic and non-anhedonic individuals. One could argue that, 

despite their small effect size, the effects are still meaningful. Due to the idiographic 

approach employed, the assessed reward function was affected by both internal and 

external influences, such as mental and physical workloads, diurnal variation in PA 

(e.g., Murray, 2007), food consumption, and metabolic activity (e.g., Wilhelm & 

Grossman, 2010). That small effects were still identifiable despite the multitude of 

possibly influencing factors therefore suggests a correct design - though it may 

require further refinement of the ESM designs in future studies on reward function in 

anhedonia. 
The identification of null-findings and small effects in daily life of a phenomenon 

well-established in nomothetic research could lead one to question the importance of 

studying it in the first place. That is, if the differences in reward function do not 

translate to differences in the daily lives of individuals, how important can these 

differences be? Many researchers seem to assume that what we measure in the 

functional Magnetic Resonance Imaging (fMRI) scanner is the core of 

14970 - Heininga_BNW.indd   140 01-11-17   16:46



7

140 | Chapter 7 
 

 

 

Especially when participants have to comply for a long time; automatization may set 
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psychopathology and thus most representative of the truth. But is that true? If support 

for such alterations in daily life cannot be found then, do the images generated of the 

brain still reflect the truth? One could also argue that the most important feature of a 

mental disorder is that it impairs daily life functioning, regardless of whether or not it 

looks different in the brain. In order to make sense of what exactly is measured in the 

brain, a handful of studies have now begun to link neurological indices of emotion 

dysregulation to those measured by means of ESM. For example, Kasanova and 

colleagues (2017) used Positron Emission Tomography (PET) to observe mesolimbic 

dopamine release during a probabilistic reinforcement learning task, and combined 

that with an ESM study of reward-related behavior in everyday life (N = 16). Reward 

learning was modeled as engagement in general reward-oriented behavior, instead of 

engagement in specific activities (e.g., as in chapter 4 of this PhD thesis; Wichers et al., 

2015). Interestingly, the authors found a link between striatal reward-related 

dopamine release and ecologically relevant to the ability to pursue pleasure, which, if 

replicated in a larger sample, suggests a promising translation from lab to life. 

In my view, it is important to study reward function in daily life, and I encourage 

ESM researchers to refine ESM measures of reward function in future studies. For 

example, it is possible that instead of engagement in specific activities, reward 

learning is more accurately or adequately captured when modeled as engagement in 

general reward-oriented behavior. 

 

REFLECTIONS ON RESEARCH REPRODUCIBILITY 

Interrelationships between reward function 
In this PhD thesis, I describe three ESM studies on altered reward functions in 

anhedonia, all based on the same sample. The studies demonstrated alterations in 

some, but not all, aspects of micro-level reward function in anhedonia. There are more 

indications that anhedonic individuals may not necessarily differ in all aspects of 

reward function. Anhedonic individuals may differ in the extent to which each reward 

function is impaired or altered, and in the extent to which the three aspects 

interrelate. Whereas some anhedonic individuals show reduced ability to pursue 

pleasure but intact ability to experience pleasure (e.g., Cohen & Minor, 2010; Ritsner 

et al., 2011; Strauss & Gold, 2012), others show the reverse, intact ability to pursue 

pleasure with deficits in the ability to experience pleasure (e.g., Ossewaarde et al., 

2011; Strauss, Wilbur, Warren, August, & Gold, 2011), or deficits in both abilities (e.g., 

Martin, Becker, Cicero, Docherty, & Kerns, 2011). We selected anhedonic participants 

based on their reported loss of pleasure in daily activities. The results might have been 
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different if participants had not been selected based on general pleasure loss, but on 

their ability to pursue, experience and learn about pleasure. Future researchers may 

want to look at all the different aspects at once, and investigate the extent to which 

the impairment in reward functions are interrelated across and within individuals, and 

what predicts these differences. 

 

Minor changes, major consequences? 
In the investigation of hedonic individuals’ ability to experience pleasure, 

operationalized as the reactivity in PA to positive events (chapter 3), it was 

discovered that minor tweaks in the statistical modeling may cause a significant 

effect to disappear, or vice versa. The statistical significance of the increased high-

arousal PA reactivity to positive events in individuals with anhedonia depended on 

the inclusion or exclusion of the non-significant cross-level interaction of 

autocorrelation at level 1 and anhedonia status at level 2. Whereas some 

researchers have used models similar to this study’s initial full model, others have 

used the trimmed model, or did not specify how they modeled the effect. It is 

unclear why the removal of an insignificant effect would cause a significant cross-

level interaction to disappear, but it signals that it is not a robust effect. Future 

researchers on this topic should be aware of the possibility that the mood-

brightening effect is not robust, and that outcomes may vary by minor changes in 

the statistical model. Regardless of which model is chosen, I recommend 

researchers to precisely describe what model was used, to add the syntax of how 

the tests were performed, or both, in order to allow others to reproduce and 

compare findings across the different modelling options. 

 

Embracing the availability of multiple comparable variables 
In the current era of big data and big datasets, researchers often have access to 

multiple time points, multiple informants, or multiple instruments. When multiple tests 

are performed on the same construct, the accepted error rate increases dramatically. 

Coupled with the obvious career benefits of reporting significant findings over null 

findings, over publication of false positive findings by chance capitalization is a likely 

cause of publication bias. 

Beyond qualifying multiple testing as a mere methodological issue that can lead 

to chance capitalization, we proposed that access to many different but comparable 

variables measures within such datasets can be turned into a major advantage if 

researchers reported all options tried, rather than a biased selection. Our results 

demonstrate that transparent reporting and critically discussing the range of available 
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measures within each study to evaluate the plausibility of findings, given all tests 

performed, may provide novel insight in fields that seem persistently inconsistent 

without clear reason. Nevertheless, it has not been possible to formally test the 

multiple testing procedures. It would be interesting to refine this method further to 

provide researchers with a tool to formally test hypotheses based on multiple findings 

within one dataset. One way to refine the method presented could be to adopt a 

meta-analytical approach (Heininga, Stuijfzand, Mason, Bastiaansen, Oldehinkel, 

Munafò, will be submitted as a PsyArXiv preprint soon). Similar to how findings across 

studies can be compared in a meta-analysis, a one-dataset meta-analytical approach 

allows for comparison across all comparable measures available within that dataset. 

Using the p-values from the multiple tests instead of the binary measure of 

significance as we did allows for multilevel regressions while adjusting for the 

interdependencies between variables. In chapter 6, patterns were identified that 

suggested an informant interdependency in the data, that is, significant findings 

seemed to arise more often when parents of the participant had reported the data. 

Using a formal multi-level meta-variable analysis tool would allow adjustment for such 

interdependencies across measures. More importantly, it would provide a formal 

testing procedure to test whether parent-reported or self-reported variables are 

associated to lower p-values and thus significance. 

To improve result reproducibility and prevent chance capitalization, I think 

researchers that have access to large datasets with many comparable measures of the 

same construct should broaden their horizon from merely reporting on confirmation 

of a priori hypotheses to also including more explorative and transparent methods of 

reporting. 

 

IMPLICATIONS FOR TREATMENT OF ANHEDONIA 
Anhedonia is common to various mental disorders (e.g., bipolar disorder, 

schizoaffective disorder, attention deficit hyperactivity disorder, dysthymia, addictions, 

and schizophrenia), and plays a prominent role in depression diagnosis. Depression is 

one of the most prevalent, chronic and recurrent mental illnesses, and the leading 

cause of disability worldwide (WHO, 2017). Under the DSM-5 (2013) definition of a 

Major Depressive Episode, the depression diagnosis requires the presence of 5 out of 

9 possible symptoms among which at least one of the two core symptoms: depressed 

mood or anhedonia. Two individuals may both be diagnosed with major depression 

while only sharing a single symptom in common. This heterogeneity may mask 

important associations that are related to anhedonia, rather than the whole diagnostic 

category. 
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Nearly 20% of individuals experiences at least one anhedonic episode during 

their adolescence (Bennik, Nederhof, Ormel, & Oldehinkel, 2014), and approximately 

72% of young adults’ first major depressive episode include anhedonia (Lewinsohn, 

Pettit, Joiner, & Seeley, 2003). Given its trans-diagnostic nature, its prominent role in 

MDD, and high prevalence in clinical and non-clinical populations, prevention and 

intervention strategies are urgently required that target anhedonia (Gorwood, 2008; 

Treadway & Zald, 2011). A major bottleneck for the development of such strategies, 

however, is the lack of understanding of micro-mechanisms by which anhedonia is 

developed or maintained.  

Current treatment of anhedonia is predominantly informed by group-level 

based insights, and investigation of altered reward function in anhedonia from a 

micro-level perspective could further improve understanding. Though the findings 

presented in this PhD thesis may not make major clinical contributions because of the 

subclinical nature of the sample, the findings still highlight several potentially 

interesting avenues for prevention and treatment strategies. First, in order to regain 

pleasure, the findings demonstrated a great diversity in within-person pleasure 

experience dynamic patterns, suggesting that it may be fruitful to turn away from a 

“one size fits all” approach and to move towards a more tailored treatment approach. 

In support of this notion, the intervention part of the NFNG study indicated that 

personalized lifestyle advice based on ESM-data improved individuals’ pleasure 

experiences (Van Roekel et al., 2017). 

Second, monitoring of symptoms and behavior creates new possibilities for 

feedback and intervention (e-Health and m-Health), and our ESM-findings could 

inform new prevention and treatment strategies targeted at anhedonia in the flow of 

daily life. Though replication is warranted, we demonstrated that individuals with 

anhedonia not only experience lower levels of motivation and pleasure on average, 

but also more instability in PA experience over time. Instability in PA and amotivation, 

in turn, could play an important role in the development of psychopathological 

conditions such as major depressive disorders. To prevent individuals from becoming 

too unstable or from getting “trapped” in the downward spiral of low pleasure and 

low motivation, for example, interventions could involve real-time monitoring and 

automatized therapeutic intervention when amotivation or PA instability increases 

above a certain threshold (e.g., by machine learning; Kelly et al., 2012; credentials for 

the idea to apply this to anhedonia go out to first author of Van Roekel et al., 2017). 

Summarizing, more knowledge on altered reward function within individuals 

allows for more tailored prevention and treatment strategies. Better tailored strategies 

are likely more effective in reducing anhedonia, and in preventing its detrimental 

impact on individuals’ well-being, economic status, and societal standing. 
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CONCLUDING REMARKS 
Taken together, unraveling anhedonia in daily life by ESM is promising but has 

appeared to be rather complex. Current understandings of anhedonia are 

predominantly based on findings from studies that adopted a nomothetic approach 

to knowledge. In this PhD thesis anhedonic individuals’ ability to pursue, experience 

and learn about reward was investigated by means of an idiographic approach. 

Alterations were identified in some, but not all, aspects of micro-level reward function 

in anhedonia. To further improve our understanding of the anhedonia concept, as well 

as the mechanisms by which it develops or is maintained at the micro-level, more ESM 

research is needed into moment-to-moment reward function in anhedonia. 

 

 

 

 

 

REFERENCES

14970 - Heininga_BNW.indd   146 01-11-17   16:46


	Chapter 7



