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ABSTRACT 
Anhedonia, the loss of pleasure, is highly prevalent in both clinical and non-clinical 

populations but far from fully understood. Anhedonia was recently reconceptualized 

into an impaired ability to pursue, experience, and learn about pleasure. Although 

plausible, a major caveat of this reconceptualization is that it is almost exclusively 

based on studies that use a nomothetic approach to knowledge (macro-level 

perspective), largely neglecting how altered reward function in anhedonia takes shape 

idiographically (micro-level perspective). 

This PhD thesis sheds a first light on altered reward function in anhedonia from 

a micro-level perspective. The perspective is provided by the use of recent 

technologies (e.g., smartphones) and Experience Sampling Methods (ESM). ESMs 

allow for reliable sampling of moment-to-moment experiences, and holds 

considerable promise for improving the current understanding of anhedonia. In Part I, 

we investigated anhedonic individuals´ ability to pursue pleasure (chapter 2), to 

experience pleasure (chapter 3), and to learn from pleasurable experiences (chapter 4). 

Differences were found in some, but not all, aspects of reward function. 

Scientific studies often contradict each other, and Part II of this PhD thesis 

addresses two problems related to research reproducibility: Different 

operationalizations of the same construct (chapter 5) and chance capitalization 

(chapter 6). 
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In this general introduction, a brief description of the current state of the scientific 

literature on anhedonia and altered reward function in anhedonia is provided first 

(Part I). Next, given that scientific findings are often inconsistent with each other, in 

the second part; different operationalizations of the same construct and chance 

capitalization are introduced (Part II). 
 

 General introduction | 13  

         
 

PART I: ANHEDONIA AND ALTERED REWARD FUNCTION 

 
Anhedonia is clinically defined as the “markedly diminished interest or pleasure in all, 

or almost all, activities most of the day, nearly every day” (American Psychiatric 

Association [APA], 2013). The word anhedonia originates from the Ancient Greek “an” 

(without) and “hēdonē” (pleasure). Originally, the word referred to the inability to 

experience pleasure (Ribot, 1896); an “all or nothing” experience. Today, anhedonia 

usually refers to a continuum of loss of pleasure (Ho & Sommers, 2013). 

Anhedonia is a symptom of many different mental disorders, and one of the two 

core symptoms of a major depressive disorder. Depression is one of the most 

prevalent, chronic and recurrent mental illnesses, and the leading cause of disability 

worldwide (World Health Organization [WHO], 2017). Almost 20% of individuals 

experience at least one anhedonic episode during adolescence (Bennik, Nederhof, 

Ormel, & Oldehinkel, 2014), and the majority of young adults’ first major depressive 

episodes includes the anhedonia symptom (Lewinsohn, Pettit, Joiner, & Seeley, 2003). 

Despite its high prevalence in both clinical and non-clinical populations, anhedonia is 

far from fully understood. 

Over the last decades, anhedonia has been repeatedly associated with altered 

reward function (for reviews, please see: Der-Avakian & Markou, 2012; Forbes & Dahl, 

2012; Pizzagalli, 2014; Whitton, Treadway, & Pizzagalli, 2015). Pleasure experiences 

can be subdivided into different phases; an appetitive phase, a consuming phase and 

a saturation phase (Berridge & Robinson, 2003; Berridge, Robinson, & Aldridge, 2009). 

These pleasure phases, in turn, are dominated by the psychological processes of 

wanting, liking, and learning (Berridge & Kringelbach, 2015; Treadway & Zald, 2013). 

For example, one can crave chocolate, potato chips, a burger, or some other food 

(appetitive phase), enjoy the consumption of that food (consummatory phase), and – 

when satisfaction sets in (satiety phase) – learn that consumption of that particular 

food is rewarding. It should further be noted that reward learning is a process that is 

not limited to happening only after satisfaction, but can happen throughout the whole 

pleasure cycle (Berridge & Kringelbach, 2015). 

Based on novel insights gained from the studies on pleasure and reward 
function, anhedonia was recently reconceptualized into “impairments in the ability to 

pursue, experience, and/or learn about pleasure” (Rømer Thomsen, Whybrow, & 
Kringelbach, 2015; p. 2). A major caveat of this reconceptualization, however, is that it 
was exclusively based on studies that adopted a nomothetic approach. 
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Anhedonia and the micro-level perspective 
The nomothetic approach is the most common approach to knowledge. The word 
refers to the Greek “nomos”, meaning “law”, and researchers who adopt this approach 

aim to deduce generalizable laws or universal principles: nomothetic criteria. 

Diagnostic classification, for example, follows a nomothetic criterion. In studying 

populations each individual is regarded as a miniature model of the population with 

shared characteristics. It is the elucidation of these characteristics that are the aim of 
nomothetic research. However, emotions are dynamic rather than static phenomena 
(Peter Kuppens, 2015; Larsen, Augustine, & Prizmic, 2009), and, over the last years, 

there has been a paradigm shift in research methods to study emotion from the 
macro-level nomothetic approach, towards the micro-level idiographic approach. 

The term “idio” refers to the Greek word “idios”, meaning “own” or “private”. In 
contrast to nomothetic research, idiographic research focuses on the individual rather 
than the larger group. Idiographic researchers study multiple variables (e.g., mood 

and behavior) on multiple occasions within one study subject. In order to generate 
generalizable findings from idiographic studies beyond the subject under study, the 
variables on multiple occasions can be studied in multiple study subjects (i.e., 
individuals). Idiographic methods include but are not limited to: Ecological 

Momentary Assessment (EMA; Stone & Shiffman, 1994) and Experience Sampling 
Method (ESM; Csikszentmihalyi & Larson, 1987). Although from a different origin, 

both methods focus on the individual and are also referred to as structured diary 
methods, intensive longitudinal assessments, real-time data capture studies, event 
sampling, beeper studies, and ambulatory studies. 

Adopting an idiographic approach has multiple advantages over the more 
traditional nomothetic approach. One of the most important advantages is that the 

idiographic approach can provide a unique window into dynamic processes. 
Moreover, because the sampling is done in daily life, the dynamic processes can be 

linked to changes in context-specific feelings or behaviors – all while being in real-life 

situations (Ebner-Priemer & Trull, 2009; Mehl & Conner, 2012; Trull & Ebner-Priemer, 

2009). Another advantage of the idiographic approach is that the in-the-moment 
reporting style increases accuracy and minimizes bias.  

Alterations in how emotions unfold naturally over time and in the context of real 
life are central in mental health (Kuppens & Verduyn, 2017; Myin-Germeys et al., 2009; 
Trull, Lane, Koval, & Ebner-Priemer, 2015; Wichers, 2014), and investigating alterations 
on the micro-level is thought to hold considerable promise for improving our 
understanding of symptoms and disorders (c.f., aan het Rot, Hogenelst, & Schoevers, 

2012; Ebner-Priemer & Trull, 2009; Mehl & Conner, 2012; Telford, McCarthy-Jones, 
Corcoran, & Rowse, 2011; Wenze & Miller, 2010; Wichers, 2014). 
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Anhedonia and the ability to pursue pleasure 
Emotions evolved to guide human action (Frijda, 2007), and the ability to experience 

pleasure is probably one of evolutions’ boldest tricks (Kringelbach, 2005). Whereas 

emotions are specific and last seconds or minutes, moods are more global, undirected 

emotional states that last much longer, from hours up to a couple of days. Positive 

Affect (PA) refers to both emotions and moods simultaneously. High PA boosts 

psychological well-being because, among other things, it would facilitate goal-

directed action (Fredrickson, 2001, 2013; Fredrickson, Mancus, Branigan, & Tugade, 

2000). Goal-directed action arises from ancient brain systems that regulate the 

aversive orienting away from threat, and the appetitive orienting and activation to 

move towards rewards and incentives (Gable & Harmon-Jones, 2008; Harmon-Jones, 

Harmon-Jones, & Price, 2013). 

Anhedonia is consistently associated with a decreased motivation to pursue 

rewards (Franzen & Brinkmann, 2016; Germans & Kring, 2000; Gold et al., 2013; 

McCarthy, Treadway, & Blanchard, 2015; Shankman et al., 2014; Treadway & Zald, 

2011; Yang et al., 2014). For example, in the effort expenditure for rewards task, 

individuals suffering from depression - especially when it includes anhedonia - 

typically show reduced motivation for effort expenditure (EEfR; Treadway, Buckholtz, 

Schwartzman, Lambert, & Zald, 2009). The task involves making choices between 

“easy” and “hard” tasks to earn potential rewards, and individuals with anhedonia 

seem less inclined to work harder in order to obtain higher rewards (Treadway, 

Buckholtz, Schwartzman, Lambert, & Zald, 2009). Evidently, on the macro-level, 

anhedonia is associated with a decreased motivation. How this takes shape on the 

micro-level, however, remains largely unclear. 

 

Anhedonia and the ability to experience pleasure 
In depression, the ability to experience pleasure in reaction to a positive event is 

hypothesized to be impaired. Whereas the positive attenuation hypothesis predicts a 

blunted emotional reactivity to positive stimuli or contexts (Rottenberg, Gross, & 

Gotlib, 2005), the Emotion Context Insensitivity (ECI) theory predicts a more rigorous 

flattening of the emotional landscape in which both positive and negative emotional 

responses are diminished (Rottenberg, 2005). The theories on insensitivity to rewards 

are well-supported by findings from functional imaging studies  (for a meta-analysis 

see: Zhang, Chang, Guo, Zhang, & Wang, 2013), and experimental laboratory tasks 

(for a meta-analysis see: Bylsma, Morris, & Rottenberg, 2008). 

Depression-related studies that have used ESM, to the contrary, showed either 

no evidence of blunted reactivity to positive contexts in individuals with depressive 
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symptoms (for a review, see: Bylsma & Rottenberg., 2011; Oorschot et al., 2013; 

Thompson et al., 2012; Van Roekel et al., 2015), or a stronger emotional reactivity to 

positive contexts (Bylsma, Taylor-Clift, & Rottenberg, 2011; Peeters, Nicolson, Berkhof, 

Delespaul, & De Vries, 2003; Thompson et al., 2012). The phenomenon that individuals 

with a mood disorder, compared to controls, show a greater increase in PA together 

with a stronger reduction in Negative Affect (NA) in reaction to positive events, was 

coined the “mood brightening effect”. 

In addition to mood brightening effects, ESM-studies also demonstrated 

deviations in depressed individuals´ time-dynamic patterns of PA. These patterns refer 

to the fluctuations of mood over time, and are usually operationalized as moment-to-

moment correlation or autocorrelation (i.e., inertia), SD or variance (i.e., the range of 

affect levels), and Mean Squared Successive Difference (i.e., MSSD; frequency of 

affective fluctuations or temporal dependency of affect and thus a measure of 

(in)stability; Jahng, Wood, & Trull, 2008). Typically, low psychological well-being is 

associated with a greater autocorrelation between PA experience (Houben, Noortgate, 

& Kuppens, 2015; Koval, Sütterlin, & Kuppens, 2016; Peter Kuppens, Allen, & Sheeber, 

2010), greater SD in PA experience (Gruber, Kogan, Quoidbach, & Mauss, 2013; Höhn 

et al., 2013; Kuppens, van Mechelen, Nezlek, Dossche, & Timmermans, 2007; van 

Roekel et al., 2015), and greater MSSD in PA experience (van Roekel et al., 2015; but 

see Thompson et al., 2012, who found no difference in MSSD). Perhaps, the non-

conformities identified in PA functioning of individuals manifesting depressive 

symptoms may specifically hold true for the anhedonia symptom. In a first 

exploration, Roekel et al. (2015) could not confirm this hypothesis but warranted re-

investigation of PA functioning in anhedonia. 

 

Anhedonia and the ability to learn about pleasure 
According to the Pavlovian or classical conditioning theory, individuals continuously 

draw implicit associations between contextual cues and levels of affect that occur 

simultaneously (Pavlov, 1927; Pessiglione et al., 2008). Implicitly (i.e., automatically and 

without an individuals’ awareness), the rewarding or punishing value of each 

association affects the probability an individual will re-engage in that particular 

behavior or context (Skinner, 1938; Thorndike, 1927). In other words, if individuals 

engage in pleasurable activities or contexts, the probability that they will re-engage in 

the behavior or context increases. In a similar vein, if individuals engage in 

unpleasantly appraised activities or contexts, the probability that they will re-engage 

in these behaviors or contexts decreases. 
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In laboratory tasks, anhedonic individuals often show reduced Pavlovian 

learning (Chase et al., 2010; Huys, Pizzagalli, Bogdan, & Dayan, 2013; Pizzagalli, 

Iosifescu, Hallett, Ratner, & Fava, 2008; Vrieze et al., 2013). For example, in a study that 

provided positive and negative monetary feedback to certain symbols in a computer 

task, individuals with anhedonia showed blunted learning responses to rewarding and 

punishing symbols (Chase et al., 2010). It may therefore be assumed that blunted 

learning responses may impair anhedonic individuals’ ability to exploit affective 

information that guides behavior in daily life (Pizzagalli, Iosifescu, Hallett, Ratner, & 

Fava, 2008). 

To date, research on rewards almost always comes from studies that involve 

single time assessment self-reports, laboratory tasks, or brain imaging techniques. 

Recently, Wichers and colleagues (2015) were the first to show that it was feasible to 

track Pavlovian learning by means of ESM.  Over a five day sample period, 621 healthy 

women who were sampled ten times a day showed implicit (i.e., without conscious 

processing) associative learning processes. Therefore, the association of particular 

activities with increases in PA or NA experiences resulted in a corresponding increased 

or decreased re-engagement in the same activity respectively. Possible deviations in 

real-life associative patterns of reward learning may be relevant to psychopathology 

and to anhedonia in particular. 

 

PART II: RESEARCH REPRODUCIBILITY 
 

Through rigorous scientific inquiry, science builds upon itself in a cumulative fashion 

with every new finding being a building block for the next. Ideally, a new study 

consists of a replication of what is already known and of a small expansion of 

knowledge by exploring something new. In reality, scientific findings are often 

inconsistent or even contradictory to each other and this can be due to various factors 

(Ioannidis, 2005; Khoury, Little, Higgins, Ioannidis, & Gwinn, 2007). 

Research reproducibility is a term that is often interchangeably used with 

research repeatability, reliability, replicability, generalizability, and robustness of 

research findings (Goodman, Fanelli, & Ioannidis, 2016). In this PhD thesis, I focus 

specifically on different operationalizations of the same construct, and chance 

capitalization. 

 

Different operationalizations of the same construct  
With regard to reward function, the Iowa Gambling Task (IGT) is one of the primary 

experimental paradigms used to assess emotion-based learning and emotion-based 
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symptoms (for a review, see: Bylsma & Rottenberg., 2011; Oorschot et al., 2013; 
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exploration, Roekel et al. (2015) could not confirm this hypothesis but warranted re-
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Anhedonia and the ability to learn about pleasure 
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unpleasantly appraised activities or contexts, the probability that they will re-engage 
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decision making under uncertainty (IGT; Bechara et al., 1994; Bechara et al, 1997). The 

need for naivety in this task is crucial, as emotion-based decision-making is 

operationalized as the guidance by emotions when no other information is available 

about the reward and punishment contingencies in the game. Because the naivety is 

so crucial in this task, reassessment of the task within the same person is impossible.  

In 2004, the Bangor Gambling Task (BGT) was put forward as a simplified version 

of the IGT (Bowman & Turnbull, 2004). Similar but different to the IGT, the BGT 

measures emotion-based learning and emotion-based decision making under 

uncertainty across time instead of across decks. The BGT as a simplified alternative for 

IGT would open up exciting new possibilities, both for clinical neuropsychologists as 

for researchers. Nevertheless, the suitability of the BGT as a longer-term re-

assessment tool of the IGT experimental paradigm has never been investigated yet. 

 

Chance capitalization  
Some findings appear more robust than others. That is, some findings are consistently 

replicated, whereas for other findings the replicatory efforts yield inconsistent or even 

contradictory results. An example of a finding that persists to be inconsistent, and of 

which meta-analytical efforts are even contradictory, is the interaction between the 

serotonin-transporter-linked promotor region (5-HTTLPR) and adversity with regard 

to depression. The inconsistencies begun after Caspi and collegues (2003) reported 

that after a stressful event (i.e., childhood abuse), carriers of a short variant of 

polymorphism in the promoter region of the serotonin transport protein gene 

(5˗HTTLPR) had a greater chance of developing depression than those with a longer 

variant of this polymorphism. Some studies replicated this gene-environment 

interaction (GxE), others did not. Such inconsistencies between findings are often 

explained by methodological differences between studies, for example the type of 

questionnaire that was used. 

An explanation that is mentioned less often is that of chance capitalization. 

Chance capitalization occurs when a researcher frequently performs a comparable 

statistical test while drawing conclusions as if only one statistical test was performed. 

For each study, researchers have to make choices with regards to sample size (N), 

effect size, alpha level (α, or significance level), and power to detect the effect when it 

occurs (1 ˗ β). When setting their alpha level to 0.05, researchers implicitly accept that 

the probability of making (at least) one Type I error, rejecting the null hypothesis while 

in actuality it is true, is equal to 5%. This proportion concerns a long-term probability. 

In the long run, when repeated indefinitely, 5% of all tests would be unduly flagged as 

significant given the null hypothesis. However, if researchers perform some more tests 
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say, for example, 15, the alpha inflates dramatically from 5% up to 50% (family-wise 

error rate: 1˗0.9515 ≈ 0.54; see, for example: Sullivan, 2007). Indeed, when left 

uncorrected, at least one in two effects can be a false positive finding. 

In the current era of large datasets, many scholars have ample choice in 

comparable but slightly different operationalizations for the same construct within 

one dataset. For example, researchers often collect data on multiple time points, 

assess the same questionnaire across multiple informants, or assess the same 

construct with multiple instruments. These data sets often enable researchers to test 

the same hypothesis in several ways. If, in testing their hypotheses, researchers do not 

report all tests that have been executed, and the inflated alpha is left uncorrected, 

there is an increased risk of publishing a family-wise Type I error (i.e., false positive 

finding). Thus, when replicatory efforts show inconsistent results, this may well be 

because of methodological differences or because it is a false positive finding due to 

chance capitalization. However, given the long-term probability of frequentist testing, 

one will never know whether a specific finding comes from the 95% made up of true 

findings and the 5% composed of false positive. How could we investigate whether a 

field has an overrepresentation of false positives, and thus to what extent chance 

capitalization may have contributed to the persistently inconsistent findings? 

 

Outline of the remainder of this thesis 
The remainder of this PhD thesis consists of two parts. Part I is focused on altered 

reward function at the micro level and starts with an investigation of anhedonic 

individuals’ ability to pursue pleasure (chapter 2). It then goes on with an investigation 

of anhedonic individuals’ ability to experience pleasure (chapter 3), and, finally, 

anhedonic individuals’ ability to learn about pleasure (chapter 4).  

Part II is focused on research reproducibility. In this part, the feasibility to re-

assess reward function over a longer period of time with two presumably comparable 

instruments is investigated (chapter 5), and chance capitalization is challenged as a 

possible contributor to inconsistencies in the GxE literature on depression by means 

of a new, transparent approach (chapter 6).  

The final chapter is a general discussion in which the main findings are 

recaptured in a bullet-wise fashion and the research is discussed in light of the 

anhedonia concept, measurement and reproducibility (chapter 7). Because both parts 

use data from two different datasets, the remainder of this thesis is preceded by a 

short overview of the datasets used. 
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Datasets used 
To study altered reward function in anhedonia (part I), ESM-data were collected in 69 

anhedonic and 69 matched non-anhedonic emerging adults as part of the larger No 

Fun No Glory study (van Roekel et al., 2016a). Questions on context, behavior, positive 

affect (PA), and negative affect (NA) were administered electronically, by smartphone, 

thrice per day. Individuals with anhedonia participated for at least 3 months in ESM 

study as part of an intervention study, and individuals without anhedonia participated 

only the first observational month preceding intervention. In this PhD thesis, data 

from individuals with and without anhedonia were used coming from the first pre-

intervention month of ESM study (i.e., 30 days; 90 assessments; see Table 1.1). 

To study research reproducibility (part II), the TRacking Adolescents’ Individual 

Lives Survey (TRAILS) dataset was used (Huisman et al., 2008; Oldehinkel & Ormel, 

2014; Ormel et al., 2012). TRAILS is an ongoing, multidisciplinary study into 

psychological, social and physical development of adolescents in which approximately 

2700 adolescents participated every 2 to 3 years from age 10 to at least 25 (For an 

overview of datasets used in this PhD thesis, please see Table 1.1). 

 

 
Table 1.1.  Characteristics of the different datasets used 

 Design Data collection Sample Chapters 

NFNG Experience 

Sampling 

30 day sampling 

period 

N = 138 

Age 18-24 

2, 3, 4 

TRAILS Longitudinal Four tri-annual 

waves 

N = 2230 at T1 

Age 11-25 

5, 6 

Note. NFNG = No Fun No Glory; TRAILS = TRacking Adolescents’ Individual Lives Survey. 
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ABSTRACT 
Anhedonia reflects a dysfunction in the reward system, which can be manifested in an 

inability to enjoy pleasurable situations (i.e., lack of positive emotions), but also by a 

lack of motivation to engage in pleasurable activities (i.e., lack of motivation). Little is 

known about the interrelations between positive emotions and motivation in daily life, 

and whether these associations are altered in anhedonic individuals. In the present 

study, we explored the reciprocal, lagged associations between positive emotions and 

motivation in a network model, in anhedonic individuals (N = 66) and healthy controls 

(N = 68). Participants (aged between 18-24 years) filled out momentary assessments 

of affect 3 times per day for 30 consecutive days. Our results showed that (1) being 

relaxed, a low approach emotion, was most central in the network for healthy controls, 

whereas feeling cheerful, a moderate approach emotion, was most central in the 

network of anhedonic individuals; (2) anhedonic individuals and healthy controls had 

similar moment-to-moment transfer of positive emotions; and (3) anhedonic 

individuals had stronger pathways from positive emotions to motivation than healthy 

controls. Taken together, our findings suggest that low levels of positive emotions 

lead to decreased motivation in the anhedonic group, which could instigate a 

negative spiral of low pleasure and low motivation. On a more positive note, we 

showed that cheerfulness was highly central in the network of anhedonic participants. 

Hence, interventions may focus on increasing cheerfulness in anhedonic individuals, as 

this will likely have the greatest impact on other positive emotions and motivations. 
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INTRODUCTION 
The experience of positive emotions is imperative for mental health and happiness 

(Fredrickson, 1998). The importance of positive emotions is highlighted by their 

potential to buffer the effects of negative emotions (Fredrickson & Levenson, 1998; 

Fredrickson, Mancuso, Branigan, & Tugade, 2000; Geschwind et al., 2010). Further, 

being able to sustain  high levels of positive emotions over time is a characteristic of 

healthy individuals, and research has indicated that high moment-to-moment transfer 

of positive emotions is an important buffer against depression (Höhn et al., 2013). 

Studies that address maintenance of positive emotions have mainly used 

composite measures of positive emotions (Houben, van Den Noortgate, & Kuppens, 

2015). However, specific positive emotions may affect each other differentially over 

time, creating complex patterns of interrelations (Bringmann et al., 2013; Pe et al., 

2015). Exploring the differential associations among positive emotions over time can 

provide more insight in which emotions are particularly important for sustaining high 

levels of positive emotions. A promising way to explore these associations is to create 

a network of moment-to-moment associations between emotions. Some studies have 

explored reciprocal associations between positive and negative emotions in healthy 

individuals compared to individuals with different types of psychopathology 

(Bringmann et al., 2013; Pe et al., 2015; Wigman et al., 2015), but no studies have yet 

examined a network of positive emotions exclusively.  

Gable and colleagues (Gable & Harmon-Jones, 2010; Harmon-Jones, Price, & 

Gable, 2012) argued that positive emotions can be divided into high approach 

emotions that directly elicit goal-directed action (e.g., enthusiasm, interest) and low 

approach emotions that do not (e.g., joy, content, feeling at ease). However, even 

though low approach emotions may not lead to goal-directed action directly, they will 

create the desire to savor current experiences, which could lead to active behavior 

later on (Fredrickson, 1998). Hence, both low and high approach positive emotions 

may eventually spark individuals’ motivation to go out and participate in pleasurable 

activities (see also Fredrickson, 1998, 2001). In turn, individuals are likely to experience 

more positive situations when they feel motivated and thus, feeling motivated may 

trigger both low and high-approach positive emotions. These reciprocal associations 

may result in feedback loops between positive emotions and motivation.  

To our knowledge, only one study has tried to disentangle the dynamic 

associations between positive emotions and motivation, by examining differences in 

effort expenditure between depressed and non-depressed individuals (Sherdell, 

Waugh, & Gotlib, 2012). Effort expenditure was operationalized as the extent to which 

participants were willing to view humorous cartoons in relation to the extent to which 
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Waugh, & Gotlib, 2012). Effort expenditure was operationalized as the extent to which 

participants were willing to view humorous cartoons in relation to the extent to which 
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they enjoyed these humorous cartoons. In healthy individuals, liking and motivation 

were associated (Sherdell et al., 2012), that is, when participants liked a cartoon, they 

were more likely to exert effort to be able to view another cartoon. In contrast, in the 

depressed group, these two aspects of reward processing were dissociated. This lack 

of association between positive emotions and motivation in depressed individuals is 

an indication of a dysfunctional reward system. Indeed, depression is often 

characterized by a reduced hedonic capacity as well as a reduced ability to modulate 

behavior as a function of rewards, and particularly in the presence of anhedonia 

(Vrieze et al., 2013). 

Anhedonia is one of the two core symptoms of depression (APA, 2013) and 

reflects impairments in enjoying positive situations (i.e., loss of pleasure) as well as 

impairments in motivation (i.e., loss of interest; Berridge et al., 2009; Treadway & Zald, 

2011). Research has shown that anhedonia is associated with lower levels of positive 

emotions and a lack of motivation to engage in pleasurable activities (Berridge et al., 

2009), yet little is known about the interrelations between positive emotions in 

anhedonic individuals. In sum, it remains unclear whether anhedonic individuals differ 

from healthy individuals in the extent to which (1) positive emotions are sustained 

over time, (2) positive emotions affect each other over time, and (3) positive emotions 

and motivation are reciprocally associated. In the present study, we explored 

reciprocal, lagged associations between positive emotions and motivation in a 

network model. We chose three positive emotions that differ in the level of approach-

orientation: relaxed for low approach, cheerful for medium approach1, and interested 

for high approach.  Motivation was defined as feeling determined and not sluggish. As 

loss of pleasure is central to the experience of anhedonia, we included pleasure in the 

network as well. 

 

  

                                                           
1 According to Fredrickson (1998, 2001) and Frijda (1987) the experience of joy or 
cheerfulness elicits a general urge to act, or free activation, which would imply that feeling 
cheerful is a high approach emotion. However, other studies consider joy and cheerfulness 
as low-approach emotions (Gable & Harmon-Jones, 2010; Harmon-Jones et al., 2012), 
which do not necessarily elicit active behavior. In the present study, we conceptualized 
cheerfulness as a moderate approach emotion, which may elicit approach behavior in some 
situations.  
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METHODS 

Participants 
The present study was part of the larger ‘No fun no glory’ project, which consisted of 

two parts: a large online screening survey and a period with momentary assessments. 

From the large screening survey among 2937 young adults aged between 18 and 24 

years, we selected individuals with persistent anhedonia, defined as low (i.e., below the 

25th percentile) levels of pleasure on a general pleasure item from the Domains of 

Pleasure Scale (DOPS,(Masselink et al., 2016), a perceived pleasure level that was less 

than what was considered normal, and a loss of pleasure that persisted for more than 

2 months. Exclusion criteria for participation were inability to keep an electronic diary 

three times a day; professional treatment for psychiatric problems; use of 

psychotropic medication; epilepsy; and pregnancy. Further, as data for the present 

study were part of a larger study that included a skydive intervention, some skydive-

related exclusion criteria were used: conditions that obstruct participating in a tandem 

skydive (i.e., loose prostheses; height of more than 2 meters; weight of more than 95 

kg; inability to raise one’s legs 90 degrees; cardiovascular complaints or problems; and 

significant visual or hearing impairments); and experience with skydiving, bungee 

jumping, or base jumping. For a detailed description of the total study, see (van 

Roekel et al., 2016b).  

Screening of the survey sample yielded a group of 148 individuals who were 

eligible to participate in the anhedonia group. Of this group, 28 participants no longer 

adhered to the inclusion criteria when contacted, 22 declined to participate and 29 did 

not participate because of other reasons. This resulted in 69 anhedonic individuals 

that participated in the momentary assessments. For each included participant in the 

anhedonia group, a control participant was matched on age, educational level, and 

sex. The control participants had to adhere to the same exclusion criteria, and had to 

report at least moderately high pleasure levels (i.e., > 50th percentile) that were rated 

as similar or higher compared to what was considered normal for that individual. A 

total of 114 control group participants were invited to participate by email, of which 1 

participant did not meet the inclusion criteria, 21 participants declined to participate, 

and 23 participants were excluded due to other reasons.  

 

Procedure 
For the screening survey, participants were recruited in the Northern part of the 

Netherlands through flyers, electronic learning environments, advertisements on 

social media, and invitations during lectures and classes. Individuals who subscribed 

on the website (http://www.nofunnoglory.nl) received an email with the link to the 
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online questionnaire. Upon completion of the questionnaire, participants received a 

gift card of 10 euros.  

Participants who adhered to the inclusion and exclusion criteria as described 

above were sent an information letter by email. They had to return a signed consent 

form in order to participate in the study. After receiving this form, an introductory 

meeting was scheduled in the University Medical Center Groningen with one of the 

team members, during which exclusion criteria were re-checked, study procedures 

explained, and momentary questionnaires practiced with participants. Within a few 

days after the introductory meeting, participants started with the momentary 

questionnaires. They received a text message with the link to the online questionnaire 

on fixed time points with 6 hour intervals (e.g., 9:00AM, 3:00PM, 9:00PM). The timing 

of the assessment schedule was determined in consultation with the participant. The 

questionnaire had to be filled out within 2 hours after the first notification. If the 

questionnaire was not yet completed, reminders were sent after 1 and 1.5 hours. 

Completion of the questionnaire took about 3 minutes per assessment.  

Participants in the anhedonia group filled out momentary questionnaires for 

three months in the context of an intervention study, but only the first 90 assessments 

(i.e., during the pre-intervention month when they were unaware of the intervention 

allocation), were used in the present study. Before and after this month, participants 

filled out an online questionnaire. The anhedonic participants received 75 euros for 

completing at least 80% of the momentary assessments, providing two blood samples 

(not used in the present study) and completing two online questionnaires. Participants 

in the control group filled out momentary questionnaires for one month only, and 

received 75 euros compensation for completing at least 80% of momentary 

assessments and both online questionnaires.  

The present study is registered in the Dutch Clinical Trial Register (NTR5498) and 

was approved by the Medical Ethical Committee from the University Medical Center 

Groningen (no. 2014/508). 

 

Materials 
Positive emotions 

Positive emotions were measured at each assessment. Participants rated the extent to 

which they experienced a range of emotions by moving a slider on a Visual Analogue 

Scale (VAS), with the anchors not at all and very much. The position of the slider on 

the scale was transformed into a score between 0 and 100. We included one item for 

high approach (I feel interested in the things around me), one item for moderate 

approach (I feel cheerful) and one item for low approach (I feel relaxed) in the present 
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study. Further, an item was added to measure the amount of pleasure experienced 

since the last assessment (I have experienced pleasure).  

 

Motivation 

Motivation was assessed with two items, I feel sluggish and I feel determined, which 

were measured on the same VAS scale as used for positive emotions. Sluggish was 

reversely recoded so that higher scores indicated higher levels of motivation.  

 

Statistical Analyses 
In a first step, we ascertained whether differences in anhedonia between groups 

remained large enough throughout the one-month study period, by checking whether 

participants met the inclusion criteria for the other group at the monthly assessment 

at the start and the end of the momentary assessments. Next, we used vector 

autoregressive (VAR) multilevel models in Mplus version 7.31 (Muthén & Muthén, 

1998) to explore the lagged associations between positive emotions and motivation. 

We created total networks following Bringmann and colleagues (Bringmann et al., 

2013, 2016). More specifically, six different models were examined, one for each 

variable, in which the states at time point T were predicted by the lagged (i.e., at T-1) 

states of all other variables, as well as the lagged state of the dependent variable itself 

(i.e., an autoregressive component). For example, cheerful at T was predicted by 

sluggish at T-1, determined at T-1, relaxed at T-1, interested at T-1, pleasure at T-1, 

and cheerful at T-1. We controlled for time of day (i.e., morning versus afternoon 

versus evening) by adding dummy variables for afternoon and evening. In order to 

obtain separate networks for the anhedonic and control group, we used the 

multigroup option in Mplus. In total, six multilevel models were estimated separately 

for both groups. By combining the results from these six models, we created two 

networks. 

Because a time trend in the variables could lead to spurious correlations (Rovine 

& Walls, 2006), trends were removed before the analyses by regressing each variable 

on time for each individual separately. The residuals from these analyses were saved 

and used as input for the subsequent models. Further, to isolate within-subject effects 

from between-subject effects, we person-mean centered the variables that were 

entered in the model as a predictor, while the outcome variables in the respective 

models remained uncentered. We added a random effect for each predictor in order 

to allow individual differences in the effects.  

To visualize the networks for the anhedonia and control group, we used the 

package qgraph in R (Epskamp, Cramer, Waldorp, Schmittmann, & Borsboom, 2012). 
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To compare the networks between the anhedonia and control group, we calculated 

four so-called centrality indices, which provide insight into how central a variable 

(node) is in the network (Epskamp et al., 2012; Opsahl, Agneessens, & Skvoretz, 2010). 

Outstrength refers to the summed strength of the outgoing paths and is a measure 

for the extent to which a node affects other nodes. Instrength is a measure for the 

summed strength of the incoming paths and thus indicates the extent to which a 

node is affected by other nodes. Closeness is calculated by summing the shortest 

paths from a node to all other nodes in the network. High closeness indicates a 

central position of the node in the network, as it is able to communicate quickly with 

other nodes in the network. Finally, betweenness refers to the number of shortest 

paths between two other nodes that pass through a node. A high value indicates that 

a node is often positioned on the shortest path between other nodes and hence that 

communication in the network often passes through this node. Finally, we examined 

the reciprocal associations between the positive emotion nodes and the motivation 

nodes, by calculating the instrength and outstrength for each node only for the paths 

from positive emotion to motivation and vice versa.  

Please note that we did not present whether the centrality indices significantly 

differ between the anhedonic group and the control group, as these tests are not 

directly available in the software package used. Therefore, we rely on visual inspection 

of the differences in centrality indices between the nodes and between the groups. 

 

RESULTS 
First, we checked whether changes had occurred in participants’ pleasure levels before 

and after the month of daily assessments and whether these changes exceeded 

inclusion criterion levels. We removed four participants from the sample: Three 

participants in the anhedonic group scored above the 50th percentile at the final 

monthly assessment and hence adhered to the criterion for the control group, and 

one individual from the control group scored below the 25th percentile at both 

monthly assessments and hence adhered to the criterion for the anhedonic group. 

Hence, our final sample consisted of 66 participants in the anhedonia group and 68 

participants in the control group.  

 

Descriptive Statistics 
The descriptive statistics of the anhedonia and control group can be found in Table 

2.1. As a consequence of the matching procedure, age and gender were comparable 

in both groups. Mean levels of all positive emotions and motivation items were 

significantly lower in the anhedonia group than the control group. 
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Network Models 
The network models for the anhedonic individuals and healthy controls are depicted 

in Figure 2.1. Both networks show clear links between the nodes, which were mostly 

positive (see Table 2.2 for the exact coefficients and significance levels). Interestingly, 

higher levels of experienced pleasure were associated with lower levels of motivation, 

i.e., more sluggishness in both groups and less determination in the anhedonic group. 

Further, in both networks, almost all nodes had autoregressive paths with highly 

similar coefficients. The only exception was interest, for which the autoregressive path 

was close to zero in the control group.  

Although both networks look highly similar at first sight, visual inspection of the 

centrality indices (Figure 2.2) reveals remarkable differences between the groups. 

Feeling relaxed appeared the most central node in the network for healthy controls, 

whereas feeling cheerful was, by far, most central in the network of anhedonic 

participants. 

 

 
Table 2.1. Descriptives of Both Samples 

 Anhedonia group Control group t (df) 

N 66  68   

Mean age (SD) 21.45 (1.96) 21.51  (1.90)  

Male (%) 12 (18.2%) 14  (20.6%)  

Mean (SD) level of mental states:    

Interested 52.22 (10.21) 60.73 (9.91) 4.90 (132)*** 

Cheerful 53.89 (10.85) 65.33 (9.75) 6.51 (132)*** 

Relaxed 56.80 (11.58) 64.65  (10.19) 4.17 (132)*** 

Pleasure 53.66 (9.96) 62.78 (9.52) 5.42 (132)*** 

Sluggish (rev) 66.69 (12.17) 77.88 (10.02) 5.81 (132)*** 

Determined 50.58 (10.45) 61.71 (9.14) 6.57 (132)*** 

Note. *** p < .001. 

 

 

Reciprocal Associations between Positive Emotions and Motivation Nodes 

The instrength and outstrength of the nodes for the paths from positive emotions to 

motivation and vice versa specifically are presented in Figure 2.3. Both in the 

anhedonic and the control group the instrength was relatively large for the motivation 

nodes, but this pattern was considerably more pronounced in the anhedonic group. 
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The anhedonic and control group diverged even more with regard to the outstrength, 

which was larger for positive emotions (particularly interested and cheerful) than 

motivation in the anhedonic group, whereas rather the opposite pattern was found in 

the control group, particularly for determination. These findings indicate that for 

anhedonic individuals, positive emotions predicted motivation stronger than the other 

way around, and stronger than in the control group.  
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Figure 2.3. Instrength and outstrength from PA to motivation and vice versa 

for anhedonia and control group. 

Note. Only the paths from PA to motivation and vice versa were included in 

the calculation. In this way, the instrength represents the extent to which 

each motivation node was affected by PA nodes, and vice versa, whereas the 

outstrength represent the extent to which each motivation node affected 

the PA nodes, and vice versa. SLU = not sluggish, REL = relaxed, 

PLE = pleasure, INT = interested, DET = determined, CHE = cheerful. 

 

Posthoc Analyses 
That the paths between positive emotions and motivation were stronger in the 

anhedonic group than in the control group might reflect that anhedonic individuals 

have a high potential to benefit from positive emotions, but could also mainly be due 

to low levels of positive emotions predicting low levels of motivation. The latter would 

result in a different conclusion than when high levels of positive emotions go together 

with high levels of motivation. For a correct interpretation of the findings, we further 

explored this stronger association in the anhedonic group by zooming in on the 

strongest paths from positive emotions to motivation: the path from interested to not 

sluggish and the path from cheerful to determined. We performed a median-split for 

interested, and calculated correlations between interested at T-1 and not sluggish at T 

separately within the interest scores below the median and the interest scores above 

the median. The same was done for the association between cheerful and determined. 
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The results showed that the path from interested to not sluggish was strongest for 

below-median levels of interest: r = .22 versus r = .03 for above-median levels. For the 

path from cheerful to determined the correlations were r = .30 for low and r = .23 for 

high levels of cheerfulness. These findings indicate that the associations between 

positive emotions and motivation were mainly driven by low levels of positive 

emotions, and hence that the interpretation that low levels of positive emotions 

predict low levels of motivation seems more plausible than that highly positive 

emotions predict high motivation.  

 

DISCUSSION 
The main aim of the present study was to examine reciprocal associations between 

positive emotions and motivation in the daily lives of anhedonic individuals and 

healthy controls. Our results showed that (1) being relaxed, a low approach emotion, 

was most central in the network for healthy controls, whereas feeling cheerful, a 

moderate approach emotion was most central in the network of anhedonic 

individuals; (2) anhedonic individuals and healthy controls had similar moment-to-

moment transfer of positive emotions; and (3) anhedonic individuals had stronger 

pathways from positive emotions to motivation than healthy controls.  

That being relaxed was most central in healthy controls is consistent with a 

study investigating emotion networks in relation to the personality trait neuroticism, 

typically associated with low positive affect (Ng, 2009), in which the centrality of being 

relaxed was higher in individuals with low levels of neuroticism than in highly neurotic 

individuals (Bringmann et al., 2013). A potential explanation for this high centrality of 

relaxed could be that compared to anhedonic individuals, being relaxed may be more 

often accompanied by the urge to savor positive experiences in healthy individuals 

(Fredrickson, 1998), which may elicit other positive emotions and create the 

motivation to participate in other pleasant activities. We further showed that being 

cheerful was most central in anhedonic individuals, which was also found in a study on 

emotion networks in depressed individuals versus healthy controls (Wigman et al., 

2015). Considering that these two studies included negative emotions whereas we 

focused only on positive emotions, these similarities are remarkable and suggest a 

robust pattern. Given that cheerfulness appears to be such a central emotions in 

anhedonic individuals, interventions to reduce anhedonia might best focus particularly 

on promoting cheerfulness, as this emotion is likely to spread through the network 

quickly, and will hence affect other positive emotions and motivation as well.  

We found that higher levels of experienced pleasure predicted lower levels of 

motivation both in anhedonic individuals and healthy controls. Possibly, individuals 
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tend to be tired after highly pleasurable events, and therefore experience lower levels 

of motivation at the next assessment. The causal chain could work the other way 

around: individuals who experience low levels of pleasure may be very motivated to 

go out and participate in pleasurable activities in the upcoming hours.  

Anhedonic individuals were equally able as healthy individuals to sustain their 

level of positive emotions and motivation over time in our study, which is in line with 

previous research in depressed patients (Peeters, Nicolson, Berkhof, Delespaul, & 

deVries, 2003; Thompson et al., 2012). Although this could be interpreted as a positive 

finding, in that anhedonic individuals have no difficulties sustaining positive emotions 

and motivation over time, there are two important things to keep in mind here. First, 

we found that anhedonic individuals in general reported lower levels of positive 

emotions and motivation, and hence these positive autoregressive paths could imply 

that they remain stuck in these low levels. Second, these autoregressive paths 

represent the extent to which emotions are carried over to the next assessment, 

without taking into account environmental circumstances such as positive events. 

Some researchers interpret high stability in emotions as a negative characteristic, as it 

is may be beneficial to be emotionally reactive to the environment. Whether or not 

emotional stability represents a risk may depend on the time interval between 

assessments (Trull, Lane, Koval, & Ebner-Priemer, 2015): whereas a study that used 

very short time intervals (seconds) found that greater stability in positive emotions 

predicted the onset of clinical depression 2 years later (Kuppens et al., 2012), another 

study with larger intervals (90 minutes on average) found that high stability had a 

positive prospective effect on wellbeing (Höhn et al., 2013). Possibly, being able to 

shift in emotions in a very short time frame is indicative of flexible adaptation to a 

changing environment (Kuppens et al., 2012), which is likely to be beneficial for 

mental health in the long-term. On the other hand, long-term shifts in emotions may 

be indicative of emotional instability that is detrimental for mental health in the long 

run.  In the present study, one difference emerged between the control group and the 

anhedonic group in the autoregressive paths: feelings of interest were not sustained 

across assessments in the control group. A speculative explanation could be that 

feeling interested is more triggered by environmental circumstances in healthy 

individuals than other positive emotions and hence more variable. Further research is 

needed to test this hypothesis.  

Our results further showed that positive emotions predicted motivation more 

strongly in the anhedonic individuals than in the control group, whereas no clear 

differences were found for the paths from motivation to positive emotions. Posthoc 

analyses showed that the path from positive emotions to motivation in the anhedonic 

group should primarily be interpreted as low levels of positive emotions leading to 
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decreased motivation in the anhedonic group, which could lead to a negative spiral of 

low positive emotions and low motivation. We recommend this differentiation in low 

and high levels of the independent variable in posthoc analyses for future network 

studies, as it provides important insights into the driving forces behind the 

associations in the network, which is important for interpretation of the associations.    

 

STRENGTHS AND LIMITATIONS 
Our study had many strengths, including high ecological validity as we measured 

individuals’ positive emotions and motivations in real life, a long period of momentary 

assessments including 90 assessments per individual, and high compliance, as all 

participants filled out at least 80% of the momentary assessments. Like every study, it 

had some limitations as well. First, we did not include contextual features in our 

models, although both positive emotions and motivation are likely affected by 

external circumstances. Further research could include, for example, occurrence of 

positive events, activity level, and social context. Second, given that our measures 

were on average six hours apart, we may have missed important fluctuations in 

positive emotions and motivation that occurred within a shorter timeframe. Third, the 

majority of our sample was female, which may limit the generalizability of our 

findings.  

 

CONCLUSION 

Taken together, experiencing low levels of pleasure may lead to decreased motivation 

in anhedonic individuals. As we also found indications that, although less strongly, 

motivation is predictive of decreased positive emotions later in time, these reciprocal 

associations may result in a negative spiral of low pleasure and low motivation in 

anhedonic individuals. On a more positive note, we showed that cheerfulness was 

highly central in the network of the anhedonic participants. Given this high centrality 

of cheerfulness, interventions could focus on increasing cheerfulness in anhedonic 

individuals, and so positively affect other positive emotions and motivations.
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ABSTRACT 

Anhedonia, the decreased interest and pleasure, is often described as ‘flat’ or  

‘blunted’ positive a ect (PA). Yet, little is known about PA functioning in anhedonic ff
individuals’ daily lives. The current study investigates PA reactivity to pleasurable 

experiences in anhedonia together with its relevant temporal dynamics (i.e., variability, 

instability, and inertia), and expands current knowledge by exploring the role of 

arousal therein. Methods: Using the Experience Sampling Method (ESM), we collected 

90  assessments  of  real-life  PA experiences across 30 days in 18–24 year old 

individuals with anhedonia  (N = 69)  and  without  anhedonia  (N = 69). Multilevel 

analyses showed that anhedonia was associated with less intense pleasure experience, 

and lower levels of PA. Contrary to predictions from laboratory research and 

depression theory, individuals with anhedonia showed more variability and less 

stability in PA, and no signs of blunted PA reactivity. In fact, when exploring high and 

low arousal PA, individuals with anhedonia showed a slightly stronger reactivity to 

pleasurable experiences in high-arousal PA but not low-arousal PA. The largest 

limitation is that we did not control for previous pleasure experiences and, instead of 

the last positive event, accumulation of positive events may have determined the 

change  in  high-arousal  PA. To conclude, individuals with anhedonia are likely less 

‘flat’ or ‘blunted’ than generally thought. Although replication is warranted, 

impairments in high-arousal positive emotions may be of particular interest in the 

clinical treatment  of anhedonia. 
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INTRODUCTION 
In psychology and psychiatry, positive moods such as feeling enthusiastic, cheerful, or 

relaxed are collectively referred to as Positive Affect (PA). In addition to its natural 

ebbs and flows (Peeters et al., 2006), PA is transiently elicited by appetitive cues. The 

uplift in PA in response to these cues has the power to establish, maintain, or disrupt 

individuals’ ongoing relations to the environment and facilitates action tendencies to 

approach or to avoid (Eid and Diener, 1999; Frijda, 1988; Lang and Bradley, 2010). 

Whereas high levels of PA foster a wide array of positive outcomes in one’s daily life 

(Fredrickson and Joiner, 2002; Fredrickson, 2013; Lyubomirsky et al., 2005; Tice et al., 

2007), dysregulation of PA plays an incremental and crucial role in mood disorders – 

and in anhedonia in particular. 

Anhedonia is clinically defined as the “markedly diminished interest or pleasure 

in all, or almost all, activities most of the day, nearly every day” (APA, 2013). The 

symptom is common in eating disorders, substance use disorders, and schizophrenia, 

and is most known for its prominence in the depression diagnosis. That is, anhedonia 

is one of the two core symptoms of depression, has a prominent role in both adult 

depression (e.g., see Pizzagalli, 2014, for a review) and youth depression (e.g., see 

Forbes and Dahl, 2012, for a review), and is present in about 72% of emerging adults’ 

first major depressive episode (Lewinsohn et al., 2003). Despite the transdiagnostic 

nature of anhedonia and its prominence in depression diagnosis, PA functioning in 

anhedonia is not yet fully understood. 

 

PA reactivity in anhedonia: hypo or hyper? 
Based on conceptual models of depression, there are two relevant views on how 

anhedonia impacts individuals’ PA functioning. The first relevant view is called the 

Positive Attenuation hypothesis, which predicts a reduced responsiveness to 

appetitive stimuli in depression, manifested by reduced reactivity to positive 

emotional stimuli or contexts (Rottenberg et al., 2005). The second view is the 

Emotion Context Insensitivity (ECI) theory which predicts constricted affective 

reactions to both positive and negative contexts, because depression would flatten 

the emotional landscape as a whole and would cause insensitivity to any given 

emotional context (ECI; Rottenberg, 2005). Irrespective of the inclusion of negative 

affect (NA), both views postulate that depressive symptoms go along with flat and 

blunted PA that is hypo reactive to positive contexts or stimuli. 

In line with these conceptual models, laboratory research consistently shows 

blunted reward responses to stimuli in individuals with depression or depressive 

symptoms (see for a meta-analysis: Bylsma et al., 2008), and in individuals with social 
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ABSTRACT 

Anhedonia, the decreased interest and pleasure, is often described as ‘flat’ or  

‘blunted’ positive a ect (PA). Yet, little is known about PA functioning in anhedonic ff
individuals’ daily lives. The current study investigates PA reactivity to pleasurable 

experiences in anhedonia together with its relevant temporal dynamics (i.e., variability, 

instability, and inertia), and expands current knowledge by exploring the role of 

arousal therein. Methods: Using the Experience Sampling Method (ESM), we collected 
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limitation is that we did not control for previous pleasure experiences and, instead of 

the last positive event, accumulation of positive events may have determined the 

change  in  high-arousal  PA. To conclude, individuals with anhedonia are likely less 

‘flat’ or ‘blunted’ than generally thought. Although replication is warranted, 

impairments in high-arousal positive emotions may be of particular interest in the 

clinical treatment  of anhedonia. 
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and physical anhedonia (Kerns et al., 2008). Contrary to predictions by conceptual 

models of depression and findings from laboratory research, however, studies 

designed to capture momentary ratings of experiences using the Experience Sampling 

Method (ESM; Csikszentmihalyi and Larson, 1987) or Ecological Momentary 

Assessment (EMA; Stone and Shiffman, 1994) show quite a different picture. That is, 

the few ESM studies investigating PA reactivity to pleasurable experiences show either 

no evidence of blunted reactivity in relation to depression or depressive symptoms 

(Bylsma et al., 2011; Oorschot et al., 2013; Thompson et al., 2012; Van Roekel et al., 

2015), or evidence for the opposite: a stronger PA response to positive events in 

depressed versus non-depressed (Peeters et al., 2003). 

In addition to the surprising stronger PA response, Peeters and colleagues 

(2003) found a stronger decrease in NA in response to positive events in individuals 

with MDD. This improvement of mood that was counterintuitively greater in 

depressed than non-depressed individuals was coined the “mood-brightening effect”. 

Since then, other studies of emotion reactivity to positive events in daily life observed 

the same effects: a greater reactivity in the sense that depressed individuals showed a 

stronger decrease in NA in response to positive events than their non-depressed 

counterparts (Bylsma et al., 2011; Thompson et al., 2012). 

 

PA dynamics in Anhedonia 
To gain more insight into how the dynamics of positive affective experiences unfold in 

daily life, one can study PA in terms of its variability, inertia, and instability (Houben et 

al., 2015; Trull et al., 2015; Wichers et al., 2015). Whereas emotional variability refers to 

the spread or dispersion in scores (e.g., standard deviation or variance), emotional 

inertia refers to the resistance to change as captured by the autocorrelation (i.e., the 

correlation between PA on T and PA on T-1 within the individual that can vary 

randomly across individuals). High inertia means high moment-to-moment transfer of 

emotions, and strongly consistent continuation in feeling as one has felt previously 

may indicate low context sensitivity. Emotional instability is generally measured by the 

Mean Squared Successive Difference (MSSD; Jahng et al., 2008), which captures the 

magnitude of consecutive emotional change after a frequency of shifts correction. 

Although anhedonia is often operationalized as low PA (e.g., Bedwell et al., 

2014), ‘flat’ PA (e.g., Myin-Germeys and Delespaul, 2000), or ‘blunted’ PA (e.g., 

Shankman et al., 2014), only one ESM-study investigated the temporal dynamics of PA 

in anhedonia. Van Roekel and colleagues (2015) were the first and only to zoom in on 

the anhedonia symptom. Contrary to what the authors expected, however, those 

adolescents who endorsed the anhedonia symptom did not differ from those who did 
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not endorse the symptom in terms of their variability, stability, and inertia in PA. 

According to the authors, this lack of associations might stem from the fact that 

anhedonia was assessed with a single item on loss of interest, which is why the 

authors call for a replication with a more extensive measure of anhedonia. 

Furthermore, the few ESM-studies that investigated the temporal dynamics of PA 

among depressed individuals or individuals with depressive symptoms have shown 

inconsistent findings. Whereas some find more depressive symptoms related to 

higher levels of PA variability and PA instability (Van Roekel et al., 2015), others find 

no differences in temporal dynamics in PA related to depression (Peeters et al., 2003; 

Thompson et al., 2012). 

 

The possible role of arousal in PA functioning 
In addition to the valence dimension of affective experiences, affect most likely also 

holds an arousal dimension that conveys information on an individuals’ general action 

readiness or behavioral activation (Bradley and Lang, 2007; Harmon-Jones et al., 2013; 

Lowe and Ziemke, 2011). Individuals with anhedonia have consistently been found to 

exhibit reduced motivation and impaired effortful decision-making in depression and 

schizophrenia (Franzen and Brinkmann, 2016; Gold et al., 2013; McCarthy et al., 2015; 

Shankman et al., 2014; Yang et al., 2014). Notwithstanding the large variation in how 

the valence and arousal dimension of affective experiences are related to each other 

(Feldman, 1995; Kuppens, 2008), the valence-arousal relation may co-vary by other 

psychological characteristics (Kuppens et al., 2016). So far, there is support for the role 

of an arousal-related deficit in anhedonia (Germans and Kring, 2000), yet only one 

laboratory study by Kerns and colleagues (2008) explored whether impairments in PA 

functioning in anhedonia particularly resided in high-arousal PA. Although the authors 

found social and physical anhedonia both associated with decreased PA reactivity to 

lab stimuli, this decrease was not specifically pronounced in high-arousal PA. 

However, the difference in PA functioning for low and high arousal PA has never been 

investigated in daily life, and by means of ESM. 

 

The present study 
Given the prominence of anhedonia in the depression diagnosis and its 

transdiagnostic nature, the present study describes PA functioning in individuals with 

anhedonia with the aim to contribute to the existing literature in two important ways. 

First, we investigated PA reactivity to pleasurable experiences in anhedonia together 

with its relevant temporal dynamics (i.e., variability, instability, and inertia), providing a 

complete picture of PA functioning in the daily life of emerging adults with 
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anhedonia. Second, we distinguished between high and low arousal PA functioning, 

and are the first ESM study to explore the role of arousal in the PA functioning of 

anhedonic individuals.  

We compared PA functioning in daily life between individuals with and without 

anhedonia, and expected individuals with anhedonia to show: 1) less intense pleasure 

experiences; and 2) lower levels of PA. Furthermore, given that predictions from 

laboratory and ESM studies on PA reactivity are contradictive, we expected those with 

anhedonia to show 3) deviations in PA reactivity to pleasure experiences, and 4) 

deviations in temporal dynamics of PA (i.e., variability, instability, and inertia). Finally, 

we explored the potential role of arousal by re-examining the second to fourth 

hypotheses on PA functioning while distinguishing low from high arousal PA. 

 

METHOD 

Sample 
Data come from the experience-sampling part of the ‘No Fun No Glory’ (NFNG) study. 

The NFNG randomized controlled study is registered in the Dutch Clinical Trial 

Register (NTR5498), was approved by the Dutch Central Medical Ethics Committee 

from the University Medical Center Groningen (no. 2014/508), and is described in 

more detail by Van Roekel and colleagues (2016). In short, the NFNG study included 

an online screening-tool among 2,937 emerging adults living in the Northern part of 

the Netherlands (78% women; Mage = 21.4 years, age range: 18-24 years), of which 138 

participants were enrolled in the experience-sampling part of the study: 69 anhedonic 

young adults, and 69 matched controls. Anhedonic young adults filled out momentary 

assessments of pleasure and lifestyle behaviors for three months, whereas their non-

anhedonic counterparts filled out these momentary assessments only during the first 

month. For the current study, we used experience-sampling data from the first 30 

observational days, during which no interventions were applied. For a flowchart of 

participation rates and participation loss, see Figure 3.1. 

Participants were eligible for the anhedonia group if they met the following 

three criteria from the Domains of Pleasure Scale (Masselink, Van Roekel, Heininga, 

Vrijen, Nederhof, & Oldehinkel: Domains Of Pleasure Scale (DOPS): a novel 

questionnaire to assess anhedonia, submitted): 1) their pleasure rating was below the 

25th percentile of pleasure scores; 2) which they considered less, or much less than 

normal; and 3) this loss of pleasure lasted longer than two months. These participants 

were invited to participate in further research by email which included a cover letter; 

information about the study; the reason why they were selected; and a consent form. 

Immediately after receiving a signed consent form from an anhedonia participant, a 
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control participant was matched based on age, gender, and educational attainment. 

Control participants could be matched if their pleasure rating was above the 50th 

percentile, which the participant considered just as much, more than normal or much 

more than normal. 

Participants were excluded on the following criteria: the inability to keep an 

electronic diary three times a day; current professional treatment for psychiatric 

problems; and current use of psychoactive drugs. In addition, since the intervention of 

the NFNG study included a tandem skydive, other exclusion criteria were: 

unwillingness to perform a tandem skydive2; epilepsy; pregnancy; conditions that 

make it impossible to be attached to the tandem master (e.g., loose prostheses); 

height of more than 2 m; weight of more than 95 kg; inability to raise one's legs 90°; 

significant visual or hearing impairments; prior experience with skydiving, bungee 

jumping, or base jumping; or cardiovascular complaints/problems. 

 

Measures 
Positive affect (PA) 

To assess momentary PA, participants were asked to rate the extent to which they 

experienced a certain emotion by moving a slider along the continuum of a Visual 

Analogue Scale (VAS), that was anchored with not at all (left) and very much (right). 

The location of the slider was converted into a score between 0 and 100. Whereas in 

the morning a ect was measured in the moment (i.e., “I feel [insert emotion]”), in the ff
afternoon and evening assessments, a ect was measured in retrospect (i.e., “Since the ff
last assessment, I have felt [insert emotion]”). Positive a ect (PA) was calculated by ff
averaging the VAS-scores of the following 10 emotions: feeling interested, joyful, 

determined, calm, lively, enthusiastic, relaxed, cheerful, satisfied, and energetic. 

Cronbach's alpha was 0.94 (calculated over all assessments). 
 

 

 

  

                                                           
2 Of the total sample that was screened, it should be noted that only 12.8% were unwilling 
to perform a tandem skydive (N = 376) and that these participants did not significantly (i.e., 
p > .05) differ from those who were willing (N = 1,759; 59.9%), or from those who indicated 
‘maybe’ (N = 802; 27.3%), on sex, age, trait PA, depressive symptoms (PHQ-9; Kroenke et 
al., 2001), and reward responsiveness (RR; Van den Berg et al., 2010). 
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2 Of the total sample that was screened, it should be noted that only 12.8% were unwilling 
to perform a tandem skydive (N = 376) and that these participants did not significantly (i.e., 
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Figure 3.1. Flowchart of participant  enrollment. 

Note. Dotted line indicates matching procedure. 
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High/low arousal PA 

High-arousal PA was calculated as the average of the PA items ‘enthusiastic’ and 

‘energetic’, whereas low-arousal PA was the average of the PA items ‘calm’ and 

‘relaxed’ (c.f., Longo, 2015). The inter-item correlation between the two high-arousal 

and low-arousal items, based on the average scores over 90 measurements, was high: 

r = 0.90 and r = 0.91, respectively. 

 

Variability in (high/low arousal) PA 

Variability in PA, or high/low arousal PA, was defined as the within- person variance of 

PA across time, calculated at each assessment as the squared deviation of 

participants’ own mean. Given that Mplus allows for the analysis of nested variables 

within a multi-wave design we considered this the best approach to test variability in 

PA and high/low arousal  PA,  although  it  slightly  di ers  from  previous  studies  ff
who averaged the standard deviation over all momentary assessments within one 

individual (e.g., van Roekel et al., 2015). 

 

Pleasure experience (PE) 

PE was defined as  the amount of  pleasure experienced during  the most positive 

event since the last assessment. Participants rated the pleasure  experience by  

moving a  slider along  a  continuum anchored with the words: not at all and very 

much. During an introductory session, participants were instructed that the most 

positive events did not necessarily have to be major events, and that relatively small 

events such as a co ee break or having a good conversation could be considered as ff
most positive event too. We converted the location of   the slider into a score 

between 0 and 100. 

 

Data analytic plan 

Hypotheses were tested by means of multilevel modeling in Mplus version 7.4 

(Muthén and Muthén, 1998;2015). Multilevel modeling is pre-eminently suitable to 

examine the relation between anhedonia and daily life PA, as it allows the researcher 

to simultaneously examine the relations between the measurements specified at 

beep-level (Level 1; e.g., PE and PA) and the dependency of this relationship on 

individual characteristics (Level 2; e.g., anhedonia). To separate within-person e ects ff
from between-person e ects (Curran and Bauer, 2012), all predictors were personff -

mean centered. 

To decide whether we should include age, sex and time (1–90 assessments) as 

control variables, we regressed these variables on PAij. Results showed that PA did not 

vary by age or sex, but that there was a small but gradual increase of PA over time 
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High/low arousal PA 

High-arousal PA was calculated as the average of the PA items ‘enthusiastic’ and 

‘energetic’, whereas low-arousal PA was the average of the PA items ‘calm’ and 

‘relaxed’ (c.f., Longo, 2015). The inter-item correlation between the two high-arousal 

and low-arousal items, based on the average scores over 90 measurements, was high: 

r = 0.90 and r = 0.91, respectively. 

 

Variability in (high/low arousal) PA 

Variability in PA, or high/low arousal PA, was defined as the within- person variance of 

PA across time, calculated at each assessment as the squared deviation of 

participants’ own mean. Given that Mplus allows for the analysis of nested variables 

within a multi-wave design we considered this the best approach to test variability in 

PA and high/low arousal  PA,  although  it  slightly  di ers  from  previous  studies  ff
who averaged the standard deviation over all momentary assessments within one 

individual (e.g., van Roekel et al., 2015). 

 

Pleasure experience (PE) 

PE was defined as  the amount of  pleasure experienced during  the most positive 

event since the last assessment. Participants rated the pleasure  experience by  

moving a  slider along  a  continuum anchored with the words: not at all and very 

much. During an introductory session, participants were instructed that the most 

positive events did not necessarily have to be major events, and that relatively small 

events such as a co ee break or having a good conversation could be considered as ff
most positive event too. We converted the location of   the slider into a score 

between 0 and 100. 

 

Data analytic plan 

Hypotheses were tested by means of multilevel modeling in Mplus version 7.4 

(Muthén and Muthén, 1998;2015). Multilevel modeling is pre-eminently suitable to 

examine the relation between anhedonia and daily life PA, as it allows the researcher 

to simultaneously examine the relations between the measurements specified at 

beep-level (Level 1; e.g., PE and PA) and the dependency of this relationship on 

individual characteristics (Level 2; e.g., anhedonia). To separate within-person e ects ff
from between-person e ects (Curran and Bauer, 2012), all predictors were personff -

mean centered. 

To decide whether we should include age, sex and time (1–90 assessments) as 

control variables, we regressed these variables on PAij. Results showed that PA did not 

vary by age or sex, but that there was a small but gradual increase of PA over time 
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(B = 0.05, SE = 0.01, p < 0.001). Since the increase of the composite measure of PA 

over time did not di er between anhedonic and nonff -anhedonic young adults, the 

time variable was not included as control variable. 

 
To test the first and second hypothesis that anhedonia is associated with lower levels 
of PE and lower levels of PA, we regressed PE and the composite measure of PA on 
‘Anhedonia status’ (i.e., 0 = non-anhedonic; 1 = anhedonic; Eq. (1b)), mathematically 
modeled as:  

Level 1: 
PEij/PAij=β0j+ rij    (Equation 1a) 

Level 2: 
β0j=γ00+γ01 anhedonic status +u0j  (Equation 1b) 
 

To test the third hypothesis, that anhedonia would be associated with deviations in PA 

reactivity, we modeled the cross-level interaction mathematically as: 

 

Level 1: 

PAij=β0j+β1j PAT-1  + β2j PE  + rij    (Equation 2a) 

Level 2: 
β0j=γ00+γ01 anhedonic status +u0j  (Equation 2b) 

β1j=γ10+γ11 anhedonic status +u1j  (Equation 2c) 

β2j=γ20+γ21 anhedonic status +u2j   (Equation 2d) 
 

Simultaneously, the inertia-part of the fourth hypothesis was tested by means of the 

autocorrelation of PA (i.e.,  on ; Equation 2c). To test for deviations in 

variability, the second part of the fourth hypothesis, within-person variance was 

modeled as: 

 

Level 1: 
Within-person variance of PAj=β0j+ rij  (Equation 3a) 

Level 2: 
β0j=γ00+γ01 anhedonic status +u0j  (Equation 3b) 

 

The last part of the fourth hypothesis, whether anhedonia was prospectively 

associated with deviations in stability in PA, we performed a between groups t-test in 

SPSS 23 (IBM Corp, 2015b) on the Root Mean Squared Successive Difference (RMSSD; 

√((  )2 / 89)) see also van Roekel et al., 2015). 
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RESULTS 
The results section is organized in accordance with the hypotheses. After a short 

overview of sample characteristics and compliance rate, the differences between 

anhedonic and non-anhedonic individuals in PE and PA functioning are described in 

the chronological order of hypotheses. Thereafter, and in a similar fashion, the results 

for high arousal PA functions and low arousal PA functioning are described. 

 

Sample Characteristics and Compliance Rate 
Participants ranged in age from 18 to 25. Of the total 138 participants, 20% was male, 

and the majority was enrolled in higher vocational education or university (see 

Table 3.1). Participants filled out 73% to 100% of all assessments with an average 

compliance rate of 93%. The compliance rate did not differ in anhedonic and non-

anhedonic participants. 

 
Table 3.1. Demographics of the Matched Anhedonic and Non-anhedonic Sample 

No anhedonia Anhedonia 

Men (%) 14   (20) 14   (20) 

Mean age in years (SD) 21.

51  

(1.90) 21.

45  

(1.96) 

Current education (%) 
  

    University  41  (59) 40  (58) 

    Higher vocational  26  (38) 25  (36) 

    Secondary education 2  (3) 3  (4) 

    Lower secondary education 0 1 (2) 

Compliance rate (%) 83. (92.8) 84. (93.7) 

Notes. Age reflects the age in years on the day before the introductory session. Due to 
differences in educational systems, current education is grouped based on Figure 3.1 
in Veldman et al. (2014). N = 69 in both groups. Highest level of completed education 
of the three participants without current education were: lower and higher secondary 
education, and higher vocational education. Three participants reported no current 
education, and were categorized on the basis of their highest level of education 
attained (namely lower secondary education; higher secondary; higher vocational). 
Compliance rate was the average number of assessments filled out of 90, averaged 
over all participants within that group. 

 

PE in anhedonia 
Compared to participants without anhedonia, the participants with anhedonia 

reported their most positive events as less pleasurable (B = -5.89, SE = 1.81, p < .001).  
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PA functioning in anhedonia 
PA 

As shown in Table 3.2, participants with anhedonia reported on average a lower level 

of PA than participants without anhedonia. 

 

PA Reactivity 

For each point that a PE exceeded one's own average, participants increased .22 

points in PA in response to pleasurable experiences (SE = 0.02; see Table 3.2). The 

increase did not differ by anhedonia status. 

 

Temporal Dynamics in PA 

Variability. As shown in Table 3.2, anhedonic participants varied roughly one and a 

half times more in their PA experience. 

Stability. The between groups t-test showed a larger RMSSD for those participants in 

the anhedonia group (Mdiff  = 2.37, t136 = 3.59, p < .001), indicating that participants 

with anhedonia showed less stability or greater instability in PA than those 

participants without anhedonia. 

Inertia. The autocorrelation between PAT-1 and PAT was moderately strong (r = .29; 

SE = 0.02; see Table 3.2) and similar across anhedonia status, meaning that there was 

no difference in inertia between anhedonic and non-anhedonic participants. 

 

PA functioning in anhedonia: the role of arousal 
High/Low Arousal PA 

Anhedonia status was negatively associated with both low arousal PA and high 

arousal PA (see Table 3.2), with a respective B-value of -6.25 (SE = 1.79) and -11.47 

(SE = 1.79). 

 

High/Low Arousal PA reactivity 

Results showed no difference in low arousal PA reactivity by anhedonia status, but a 

stronger reactivity to pleasurable experiences in high arousal PA in participants with 

anhedonia. That is, for each point that a PE exceeded one's own average, participants 

without anhedonia showed a significant increase in high arousal PA of .26 point 

(SE = 0.03), whereas in participants with anhedonia showed an increase of .32 in high 

arousal PA (SE = 0.03). Visual representation of the small difference in slopes is 

depicted in Figure 3.2. 
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Figure 3.2. High Arousal PA reactivity to intensity of PE since the last 
assessment by group for low, average, and high PE. 
 

 
Note. High Arousal PA was the mean of feeling enthusiastic and feeling 
energetic since the last assessment. 
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Table 3.2. Estimates of PA Reactivity in Individuals without Anhedonia and Differences of 

those Estimates in Individuals with Anhedonia (Full model) 

 Anhedonia status 

  No Anhedonia (controls)  Anhedonia 

 
Est. 95% CI p Est. Diff. 95% CI Diff. p 

Composite measure of PA 

PA 63.71 [61.53, 65.88] ***  -10.00 [-13.13, -6.86] *** 

PA Variabilitya 91.17 [76.31, 106.01] ***  43.49 [14.82, 72.16] ** 

PA reactivity:          

PA 63.76 [61.58, 65.95] ***  -10.12 [-13.27, -6.97] *** 

PAT-1 on PATb 0.29 [0.24, 0.33] ***  -0.05 [-0.11, 0.01]  

PE on PA 0.22 [0.19, 0.26] ***  0.04 [-0.00, 0.09] ~ 

Low arousal PA 
PA 65.67 [63.33, 68.01] ***  -6.25 [-9.76, -2.74] *** 

PA Variabilitya 159.36 [139.3

3, 

179.39] ***  36.33 [-0.24, 72.89] ~ 

PA reactivity:          

PA 65.67 [63.33, 68.01] ***  -6.37 [-9.89, -2.85] *** 

PAT-1 on PATb 0.25 [0.22, 0.29] ***  -0.02 [-0.07, 0.03]  

PE on PA 0.20 [0.16, 0.24] ***  -0.01 [-0.07, 0.04]  

High arousal PA 
PA 61.72 [59.22, 64.22] ***  -11.47 [-14.98, -7.96] *** 

PA Variabilitya 164.55 [143.6

8, 

185.41] ***  51.78 [15.10, 88.46] ** 

PA reactivity:          

PA 61.79 [59.29, 64.30] ***  -11.59 [-15.11, -8.07] *** 

PAT-1 on PATb 0.22 [0.18, 0.26] ***  -0.03 [-0.09, 0.03]  

PE on PA 0.26 [0.22, 0.30] ***  0.06 [0.00, 0.11] * 

Note. Est. = Estimate. CI = Confidence Interval. PE = Pleasure Experience. PA = Positive 

Affect. Estimates for PA reactivity were calculated based on the initial full model. N=69 in 

both groups. aVariability in variance. bAutocorrelation, or inertia. 

~ p < .10  

* p < .05 

** p < .01 

*** p < .001 
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Temporal Dynamics in High/Low Arousal PA.  

Variability. Although anhedonia status was unrelated to the variance in low arousal 

PA, participants with anhedonia showed higher variance than non-anhedonic 

participants in their high arousal PA (see Table 3.2). 

Stability. With regard to stability, the between groups t-tests of the RMMSD between 

groups showed that participants with anhedonia had less stable low arousal PA 

(Mdiff = 2.54, t136 = 3.16, p < .01), and less stable high arousal PA (Mdiff = 2.76, t136 = 3.42, 

p < .01). 

Inertia. With regard to inertia, the PA autocorrelation showed no difference in 

estimate by anhedonia status, not for low arousal PA or for high arousal PA. 

 

Post Hoc Analyses 
Trimmed versus full model 

Contrary to our expectations, the autocorrelation (i.e., inertia) did not differ 

significantly between groups. Given its non-significance, we trimmed the initial full 

model (Equation 2a) by omitting the cross-level interaction between anhedonia status 

and high arousal PAT-1 on level 2, mathematically modeled as: 

 

Level 1: 

High Arousal PAij=β0j+β1j PAT-1  + β2j PE  + rij   (Equation 4a) 

Level 2: 

β0j=γ00+γ01 anhedonic status +u0j  (Equation 4b) 

β1j=γ10+u1j     (Equation 4c) 

β2j=γ20+γ21 anhedonic status +u2j   (Equation 4d) 

 
The trimmed model outcomes showed no notable differences, except that the 

significance of the high arousal PA reactivity effect now disappeared (see Table 3.3). 

To examine which model was most reliable, the initial ‘full’ model or the latter 

‘trimmed’ model, we did a Multiple Group Analysis in Mplus in which the 

autocorrelation parameter was stipulated to be equal across anhedonia status. The chi 

square difference test (Sattora-Bentler) showed ∆χ²(1) = 5.69, p < .017, indicating that 

the effect of PE on high arousal PA differed significantly by anhedonia status, and 

providing further evidence for the existence of a small but significantly stronger high 

arousal PA reactivity to PE in participants with anhedonia. 
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Temporal Dynamics in High/Low Arousal PA.  

Variability. Although anhedonia status was unrelated to the variance in low arousal 

PA, participants with anhedonia showed higher variance than non-anhedonic 

participants in their high arousal PA (see Table 3.2). 

Stability. With regard to stability, the between groups t-tests of the RMMSD between 

groups showed that participants with anhedonia had less stable low arousal PA 
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Inertia. With regard to inertia, the PA autocorrelation showed no difference in 

estimate by anhedonia status, not for low arousal PA or for high arousal PA. 

 

Post Hoc Analyses 
Trimmed versus full model 

Contrary to our expectations, the autocorrelation (i.e., inertia) did not differ 

significantly between groups. Given its non-significance, we trimmed the initial full 

model (Equation 2a) by omitting the cross-level interaction between anhedonia status 

and high arousal PAT-1 on level 2, mathematically modeled as: 
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The trimmed model outcomes showed no notable differences, except that the 

significance of the high arousal PA reactivity effect now disappeared (see Table 3.3). 

To examine which model was most reliable, the initial ‘full’ model or the latter 

‘trimmed’ model, we did a Multiple Group Analysis in Mplus in which the 

autocorrelation parameter was stipulated to be equal across anhedonia status. The chi 

square difference test (Sattora-Bentler) showed ∆χ²(1) = 5.69, p < .017, indicating that 

the effect of PE on high arousal PA differed significantly by anhedonia status, and 

providing further evidence for the existence of a small but significantly stronger high 

arousal PA reactivity to PE in participants with anhedonia. 
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NA reactivity 

To explore whether individuals showed a mood brightening effect in both PA and NA, 

we reran the analyses on NA using the full model (Equation 2a). After the 

autocorrelation of NA was found not to differ between groups, we reran the analyses 

on NA using the trimmed model (Equation 4a). NA was comprised of “I feel / felt”: 

upset; gloomy; sluggish; anxious; bored; irritated; nervous; listless. For the exact 

procedures and order of assessment, please see: Van Roekel and colleagues (2016b). 

Using Equation 4a with NA instead of PA we found that, compared to individuals 

without anhedonia, those with anhedonia showed a small but significant (p < .001) 

larger reduction in NA in reaction to their PE (B = -0.07). That is, for each point that a 

PE exceeded an individuals' own average, individuals without anhedonia reacted with 

a decrease in NA of .11 points (SE = .01), whereas individuals with anhedonia reacted 

with a decrease in NA of .18 points (SE = .02). 

 
Table 3.3. Estimates of PA Reactivity in Individuals without Anhedonia and Differences 

of Those Estimates in Individuals with Anhedonia (Trimmed Model) 

 Anhedonia status 

  No Anhedonia (controls)  Anhedonia 

 
Est. 95% CI p  Est. Diff. 95% CI Diff. p 

Composite measure of PA 

PA reactivity:          

PA 63.73 [61.56, 65.91] ***  -10.029 [-13.17, -6.89] *** 

PAT-1 on PAT 0.27 [0.23, 0.30] ***      

PE on PA 0.23 [0.20, 0.26] ***  0.026 [-0.02, 0.07]  

Low arousal PA 

PA reactivity:          

PA 65.68 [63.34, 68.02] ***  -6.28 [-9.79, -2.77] *** 

PAT-1 on PAT 0.24 [0.21, 0.27] ***      

PE on PA 0.20 [0.17, 0.24] ***  -0.01 [-0.07, 0.04]  

High arousal PA 

PA reactivity:          

PA 61.747 [59.25, 64.25] ***  -11.50 [-15.01, -7.99] *** 

PAT-1 on PAT 0.21 [0.18, 0.24] ***      

PE on PA 0.27 [0.23, 0.31] ***  0.04 [-0.01, 0.09]  

Note. Est. = Estimate; Diff = Difference; CI = confidence interval; PA = Positive Affect; 

PE = Positive Event; T-1 = at the previous assessment; N = 69 in both groups. 

*** p < .001 
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DISCUSSION 
With the aim to provide a more complete picture of PA reactivity to pleasurable 

experiences in anhedonia and to explore the role of arousal therein, we investigated 

PA functioning in the daily lives of individuals with anhedonia. Multilevel analyses 

showed that, on average, individuals with anhedonia showed less intense PE and 

lower levels of PA than those without anhedonia. In reaction to pleasurable 

experiences, anhedonic versus non-anhedonic individuals showed no differences in 

overall PA or low arousal PA (i.e., feeling calm; relaxed), but showed an increased 

reactivity in high arousal PA (i.e., feeling enthusiastic; energetic). Furthermore, the 

anhedonic individuals showed equal moment-to-moment transfer of PA (i.e., inertia), 

but more variability (i.e., variance) and instability (i.e., higher magnitude of consecutive 

changes in PA as measured by the MSSD) in their daily patterns of PA. Finally, our post 

hoc analyses showed that individuals with anhedonia also decrease slightly more in 

overall NA in reaction to pleasurable experiences, compared to individuals without 

anhedonia. 

That we found anhedonia associated with less intense PE on a daily basis is in 

line with the DSM definition of anhedonia as markedly diminished interest or pleasure 

in almost all daily activities (APA, 2013), and aligns with previous research on PE in 

depression (e.g., social interaction; Larson, Raffaelli, Ham, & Jewell, 1990; Nezlek, 

Hampton, & Shean, 2000; Frenk Peeters et al., 2003; van Roekel et al., 2015). 

Furthermore, the lower mean level of PA in individuals with anhedonia, and the 

magnitude of its difference with healthy controls, was comparable to that found in 

depressed individuals (Bylsma et al., 2011; Frenk Peeters et al., 2003; van Roekel et al., 

2015). 

With regard to PA reactivity, our finding of no difference in PA reactivity to 

pleasurable experiences in daily life of individuals with and without anhedonia is in 

line with previous ESM-findings in individuals with or without depression or 

depressive symptoms (Bylsma et al., 2011; Oorschot et al., 2013; Thompson et al., 

2012; Van Roekel et al., 2015), and previous ESM-findings among individuals with or 

without negative symptoms in schizophrenia (Oorschot et al., 2013). Nonetheless, we 

also found a stronger increase in high arousal PA and a greater reduction in overall 

NA in response to positive contexts, which is in line with the curious “mood 

brightening effect” as reported previously (Bylsma et al. 2011, Thompson et al. 2012, 

Peeters et al 2003). Although most researchers find only a significant decrease in NA 

reactivity and no difference in PA reactivity (Bylsma et al. 2011, Thompson et al. 2012, 

Peeters et al 2003), or a borderline significant increase in PA (van Roekel et al., 2015) 

in response to pleasurable experiences, the present study is the second ESM-study 
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NA reactivity 
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PE on PA 0.27 [0.23, 0.31] ***  0.04 [-0.01, 0.09]  
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that found evidence of greater emotional reactivity to pleasurable experiences in both 

PA and NA. Why depressed individuals or individuals with anhedonia show a greater 

“mood brightening effect” to pleasurable experiences than their healthy counterparts 

is, however, not yet fully understood. Perhaps, this hyper responsivity reflects a higher 

threshold for pleasurable experiences to be quantified as such. If the threshold to 

experience pleasure is higher in individuals with anhedonia, positive experiences 

reported as equally pleasurable in anhedonic and non-anhedonic individuals may lead 

to a stronger PA reaction in those individuals with anhedonia compared to those 

without anhedonia. However, this reasoning does not explain why we found a 

stronger PA reaction in high arousal PA, but not in low arousal and overall PA. 

In addition to individuals’ reactivity in PA, we also investigated anhedonic versus 

non-anhedonic individuals’ temporal dynamics in PA. That we found higher peaks and 

deeper lows in PA, together with equal overall PA reactivity, suggests that PA 

abnormalities in the daily life of anhedonic individuals involves dysregulation rather 

than hypo or hyper PA reactivity to pleasurable experiences. That we found initial 

responsiveness to reward attainment in individuals with anhedonia to be intact, but 

dysregulations of their longer-term responsiveness to reward fits with recent findings 

on unbalanced pleasure networks in the brains (see for a review: Rømer Thomsen et 

al., 2015). Indeed, recent neuroscientific findings suggest that non-depressed 

individuals have a natural hedonic equilibrium to return to, whereas individuals with 

depressive symptoms have a less clear hedonic equilibrium: core initial reactions of 

liking seem to be intact but are then followed by a steep decline (see, for example, 

Figure 2 in Rømer Thomsen et al., 2015). Interestingly, two previous ESM studies also 

found evidence in support of this notion, albeit in a shorter time frame than used in 

the present study. One ESM study measured PA reactivity in depressed individuals 

continuously for 7 minutes, during which PA appeared to be generated in individuals 

with depression but not sustained at equivalent levels as in non-depressed individuals 

(Horner et al., 2014). The other ESM study found that the positive effect of physical 

activity on PA was lost more rapidly in those with a history of depression (Wichers et 

al., 2012). It may thus be fruitful for future ESM studies of anhedonia to focus on 

longer-term reward responsiveness instead of the initial PA reactions and closely 

investigate the dysregulations in temporal dynamics of PA such as variability, stability, 

and inertia. 

With regard to variability and stability of PA, we found that individuals with 

anhedonia showed greater variance and a higher magnitude of consecutive changes 

or instability in PA. These findings coincide with those found in adolescents (van 

Roekel et al., 2015), but not with findings from studies that investigated depressed 

adults (Frenk Peeters et al., 2003; Renee J. Thompson et al., 2012), suggesting that 
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there may be developmental issues at play. Interestingly, a recent study that assessed 

five-day diaries throughout adolescence (from ages 13 to 18 years) found that 

variability of PA measured as “happy”, “glad”, and “cheerful” declined across 

adolescence (Maciejewski, Van Lier, Branje, Meeus, & Koot, 2015). Perhaps, variability 

and instability in PA typically decline when individuals transition from childhood into 

adulthood, but this decline is delayed in adolescents with anhedonia or other 

depressive symptoms. Future researcher on temporal dynamics in PA may thus be 

extra cautious in comparing dynamics across different age ranges, or investigating 

these parameters in a sample of large age difference. 

Contrary to variability and stability, we found no difference in inertia by 

anhedonia status, and thus equal moment-to-moment transfer of positive emotions in 

individuals with and without anhedonia. No difference in inertia is consistent with 

findings from studies among individuals with depression (Frenk Peeters et al., 2003; 

Thompson et al., 2012) and depressive symptoms (van Roekel et al., 2015). Given that 

our assessments were every six hours and the previous studies that also reported lack 

of similar associations had semi random time intervals of approximately 90 minutes 

apart, together, these findings suggests that equal emotion regulation self-efficacy 

skills, if any, take place well within 90 minutes and may therefore not be detected by 

studies with larger timescales. Future ESM research on possible deficits in PA 

functioning of individuals with anhedonia may focus best on variability and stability in 

PA, or explore at which timescale emotional inertia can be captured and/or at which 

timescale a short-term retrospective nature would be unduly influenced by 

retrospective biases. 

It seems counterintuitive that we and other ESM-studies show equal or hyper 

responsivity to reward while hypo responsivity is predicted based on theory 

(Rottenberg, Gross, & Gotlib, 2005; Rottenberg, 2005) and laboratory research 

(Bylsma, Morris, & Rottenberg, 2008; Kerns, Docherty, & Martin, 2008). Several 

interpretations of this apparently paradoxical discrepancy have been proposed 

(Bylsma & Rottenberg, 2011; Bylsma et al., 2011). First, is has been argued that ESM-

studies find different results than laboratory studies may signify that other 

environmental and interpersonal factors are at play that are not recreated in the 

laboratory but typify daily living and influence PA reactivity. Second, if a higher 

threshold in individuals with depression or anhedonia to quantify something as 

pleasurable explains the hyper responsivity to pleasurable experiences, the 

heightened threshold could reflect the hypo responsivity as found in laboratory 

research. Third, emotions are dynamic phenomena of multi-dimensional nature 

(Kuppens, 2015; Larsen et al., 2009), and ESM provides an elegant way to study into 

group-level differences in PA reactivity while simultaneously investigating its dynamics 
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and dimensions. In sum, findings from laboratory research and ESM-studies may be 

complementary rather than contradictory, and highlight the need for new depression 

theories that are aimed at the idiographic level of emotion and properly 

accommodate its dynamic as well as its multi-dimensional nature. 

Our discrepancy in findings when using the full model versus the trimmed 

model further illustrates how minor differences in methodological strategy can have a 

large impact on the conclusions of an ESM-study. That is, statistical significance of the 

increased high-arousal PA reactivity to pleasurable experiences in individuals with 

anhedonia depended on the in- or exclusion of the non-significant Level 2 interaction 

between inertia and anhedonia status in the model. Interestingly, the study that used 

our initial, full model, found no evidence for PA reactivity (Thompson et al., 2012), 

whereas those who used a trimmed model (i.e., controlling for PAT-1 but not for its 

interaction with anhedonia) found indications for greater PA reactivity in depression 

(Peeters et al., 2003). Together, the differences in findings between our initial (full) and 

final (trimmed) model (see Table 3.2 and Table 3.3) suggests that future research on 

PA reactivity would benefit from more elaborate reporting on the statistical models 

used, and specifically from denoting whether the control variables in testing PA 

reactivity included only the lagged PA variable, or also its interaction with the 

grouping variable. Given that we found no evidence for PA inertia in anhedonia 

compared to controls, and thus no indication for a difference in autocorrelation in 

emerging adults with anhedonia, future research using similar samples, timescales, 

and statistical techniques may consider to report both models, or only the trimmed 

model.  

 

STRENGTHS AND LIMITATIONS 
This study had several notable strengths. An important asset is a design that 

highlights participants’ interaction with their natural environment, providing great 

ecological validity. Furthermore, we used a specific and elaborate measure of 

persistent anhedonia for the selection of participants. A final strength is the high 

average compliance rate of 92% in our study, which provides high confidence in both 

the validity and reliability of our findings. There are also limitations. First, we studied 

differences in PA reactivity, but conceptualized reactivity as the rise in PA to 

pleasurable experiences within the same time slot. Although we controlled for PA 

levels at preceding assessment, and thus examined to what extent the more intense 

pleasurableness of positive events was related to a change in momentary PA, we did 

not control for the intensity of pleasurable experiences at the preceding assessment. 

Therefore, we cannot fully exclude the possibility that the intensity of the last positive 
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events determined the change in high-arousal PA, or rather the accumulation of 

events. Second, we used a non-standard sampling strategy in which we assessed 

affect momentary in the mornings and short-term retrospectively in the afternoon and 

evenings, and our non-standard sampling strategy may have resulted in different 

findings than would be obtained with a regular assessment strategy in which every 

assessment is momentary. Although short-term retrospective impressions might 

present the information that people use to make subsequent decisions more 

accurately than momentary assessments, we cannot exclude that our short-term 

retrospective assessments are unduly influenced by factors such as salience or recency 

of affective experiences. Third, our sample consisted mostly of women, which possibly 

limits the generalizability of our findings to the population of young adults as a whole.  

 

CONCLUSION 
Depression is one of the most prevalent, chronic and recurrent mental illnesses, yet its 

core symptom anhedonia remains poorly understood. Although replication is 

warranted, individuals with anhedonia are likely less ‘flat’ and ‘blunted’ than 

commonly assumed, as our results demonstrate dysregulation of context- and time-

dynamic patterns in PA and high arousal PA in particular. 
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ABSTRACT 
Day-to-day experiences are accompanied by feelings of Positive Affect (PA) and 

Negative Affect (NA). Implicitly, without conscious processing, individuals learn 

about the reward and punishment value of each context and activity. These 

associative learning processes, in turn, affect the probability that individuals will re-

engage in such activities or seek out that context. So far, implicit learning 

processes are almost exclusively investigated in controlled laboratory settings and 

not in daily life. Here we aimed to replicate the first study that investigated implicit 

learning processes in real life, by means of the Experience Sampling Method (ESM). 

That is, using an experience-sampling study with 90 time points (three 

measurements over 30 days), we prospectively measured time spent in social 

company and amount of physical activity as well as PA and NA in the daily lives of 

18-24-year-old young adults (N = 69 with anhedonia, N = 69 without anhedonia). 

Multilevel analyses showed a punishment learning effect with regard to time spent 

in company of friends, but not a reward learning effect. Neither reward nor 

punishments learning effects were found with regard to physical activity. Our study 

shows promising results for future research on implicit learning processes in daily 

life, with the proviso of careful consideration of the timescale used. Short-term 

retrospective ESM design with beeps approximately six hours apart may suffer 

from mismatch noise that hampers accurate detection of associative learning 

effects over time. 
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INTRODUCTION 
Emotions are central to everyday life, as they bring flavor to day-to-day 

experiences. These flavors guide individuals to determine their subsequent actions. 

Imagine, for example, experiencing moments of joy and excitement while being in 

the company of friends. Without conscious processing, the co-occurrence of this 

context (i.e., friends) and its positive internal ‘seasoning’ (i.e., feeling joyful and 

excited) teaches you that spending more time with friends is potentially rewarding. 

As a result, the probability that one will seek out the company of friends again in 

the future increases. 

The idea that affective experiences motivate actions through implicit 

associative learning originates from operant conditioning theory. According to 

Pavlovian or classical conditioning, individuals implicitly (i.e., without conscious 

processing) learn about the associations between contextual cues and internal 

cues such as the concurrent levels of affect (Pavlov, 1927; Pessiglione et al., 2008). 

The rewarding or punishing value of each association, in turn, affects the 

probability of re-engagement in that activity (Skinner, 1938; Thorndike, 1927). 

Although the emotional seasoning of daily life provides an important bias for 

subsequent motivated action, these implicit learning processes are usually studied 

in a controlled laboratory setting and not in daily life. 

In laboratory settings, implicit learning processes are assessed by 

experimental tasks, such as the probabilistic reward task (Pizzagalli, Jahn, & 

O’Shea, 2005); the probabilistic selection task (Frank, 2004); and the probabilistic 

reversal learning task (Cools, Clark, Owen, & Robbins, 2002). Instead of 

associations between contextual cues and positive or negative emotions, 

associations between stimuli and monetary gains or losses are created and 

manipulated to induce implicit preferences for certain stimuli. For example, when 

stimulus A is subliminally rewarded with more money than stimulus B (i.e., without 

conscious processing), individuals are found to develop a preference for A over B 

(Baum, 1974; Davison & Tustin, 1978; Herrnstein, 1970). Although the laboratory 

setting for these experiments allows for precise control, the stimuli and the 

monetary gains and losses are a pale shadow of rewarding or punishing 

experiences in daily life. Most importantly, it remains unknown how the response 

biases found in laboratory tasks translate to motivated actions in real-life. 

The Experience Sampling Method (ESM) provides an excellent tool to 

investigate such learning processes because, contrary to the snapshot of an 

individual’s response bias in laboratory settings, ESM allows investigation of the 

phenomena over a longer period of time. That is, ESM enables researchers to 
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ABSTRACT 
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about the reward and punishment value of each context and activity. These 
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INTRODUCTION 
Emotions are central to everyday life, as they bring flavor to day-to-day 
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setting for these experiments allows for precise control, the stimuli and the 

monetary gains and losses are a pale shadow of rewarding or punishing 

experiences in daily life. Most importantly, it remains unknown how the response 

biases found in laboratory tasks translate to motivated actions in real-life. 

The Experience Sampling Method (ESM) provides an excellent tool to 

investigate such learning processes because, contrary to the snapshot of an 

individual’s response bias in laboratory settings, ESM allows investigation of the 

phenomena over a longer period of time. That is, ESM enables researchers to 
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investigate small but recurrent behavioral and emotional changes across hours, 

days or weeks, including behavioral consequences of rewarding and punishing 

experiences. Instead of investigating monetary gains and losses to abstract stimuli 

in simulation tasks, tracking real-life positive and negative affective experiences to 

real contextual stimuli and daily activates would enable researchers to investigate 

response biases in the real world, with findings of high ecological validity. Taken 

together, the application of ESM to investigate reinforcement learning in real life 

seems very promising. 

Recently, Wichers and colleagues (2015) were the first to show that implicit 

reinforcement learning processes can be studied in real-life by the ESM. They used 

data of 621 women who were paged at 10 semi-random time points a day, and 

assessed their emotional state, the extent to which they were physically active, and 

to what extent they appreciated the company they were in at the time of the beep. 

Positive Affect (PA) and Negative Affect (NA) experienced in pleasant company 

affected the degree to which the individuals would seek out pleasant company 

thereafter in this study. Hence, these findings yielded support for implicit reward 

and punishment learning processes with regard to engagement in social company. 

The associations were found both across consecutive beeps and across 

consecutive days. With regard to physical activity, Wichers and colleagues (2015) 

found similar learning effects, but across a three-day cycle instead of the next 

beep or day. As a possible explanation, the authors proposed that the body often 

needs one or two recovery days after sports, during which renewed engagement in 

physical activity is unlikely. 

Three characteristics of the methods and design used by Wichers and 

colleagues (2015) limit the interpretation of their findings. The first concerns the 

suboptimal measure of social context. Instead of the amount of social interaction 

or time spent in a certain social context, social company was measured as the 

extent to which participants liked the company they were in. The level of appraisal 

of company was found to partially overlap with levels of PA (r = .30), which may 

have inflated the found reward learning effects with regard to social company. The 

second limitation concerns the timescale. That is, the intervals during the day were 

relatively short (on average 90 minutes apart), and the activities on beep-level 

likely often reflect continued rather than newly started activities. Finally, as the 

authors noted, it would be highly informative to study reward and punishment 

learning processes in individuals suffering from mental health problems instead of 

a sample of merely healthy individuals like theirs.  

The aim of the current study was to replicate this first Experience Sampling 

Method (ESM) study into implicit learning processes in real life while overcoming 
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the limitations discussed above. Instead of a measure of social behavior that is 

interwoven with appraisal, we used more neutral measures of social behavior (i.e., 

time spent in company; amount of social interaction), and we included specific 

social contexts (i.e., time spent in company of friends, partner, or family) to explore 

learning across different types of social contexts. Furthermore, we reduced the 

probability of spill-over effects due to continuation of activities instead of re-

engagement by using beeps that were approximately six hours apart. Finally, we 

extended the study of Wichers and colleagues (2015) by comparing the reward 

and punishment learning effects in individuals not diagnosed for a mental disorder 

or in current treatment for a mental disorder to those in individuals suffering from 

anhedonia. Anhedonia is one of the core symptoms of depression, and defined by 

the Diagnostic Statistical Manual as a marked loss of pleasure or interest (APA, 

2013), characterized by an impaired ability to pursue, experience, and learn about 

reward (Rømer Thomsen, 2015; Rømer Thomsen et al., 2015; Treadway & Zald, 

2011, 2013). Anhedonic individuals often show reduced reward learning and 

punishment learning in probabilistic reward tasks (Chase et al., 2010; Huys, 

Pizzagalli, Bogdan, & Dayan, 2013; Pizzagalli et al., 2008; Vrieze et al., 2013), 

possibly because they are less able to exploit affective information that guides 

behavior. Nonetheless, to what extent these altered responses in anhedonic 

individuals translate to motivated actions in real-life has never been investigated. 

Based on the above-described considerations, we hypothesized that levels of 

PA and NA during social activity would respectively increase and decrease the 

probability of subsequent engagement in that activity, both within days and across 

days. For physical activity, we hypothesized that reinforcement learning would 

follow a 3-day cycle instead of a 1-day or within-day cycle. Furthermore, we 

hypothesized that individuals with anhedonia would show impaired associative 

learning rates as compared to individuals without. 

 

MATERIAL AND METHOD 

Sample 
The sample is part of the larger No Fun No Gory (NFNG) study: a randomized 

controlled trial to explore the effects of personalized lifestyle advice and tandem 

skydives on pleasure levels in anhedonic young adults (see (van Roekel et al., 

2016b)). The NFNG study is registered in the  Dutch Clinical Trial Register 

(NTR5498) and was approved by the Dutch Medical Ethics Committee from the 

University Medical Center Groningen (no. 2014/508). Participants were selected 

through an online screening survey among 2937 young adults (Mage = 21.4 years, 
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SD = 1.9, 78% women) from the Northern part of the Netherlands. The final 

sample consisted of a total of 138 ESM participants who met the inclusion criteria 

and were randomly selected for the ESM-part of the study: 69 with anhedonia, and 

69 matched controls. For a more graphic representation of the inclusion and 

exclusion of participants, please see the flowchart in chapter 3 (Figure 3.1); please 

see Table 4.1 for more details on the demographics of the anhedonic individuals 

and matched controls. 

Inclusion criteria for the anhedonia group were 1) persistent anhedonia and 

2) willingness to perform a skydive. Persistent anhedonia was defined based on 

three items from the Domains of Pleasure Scale (DOPS; (Masselink et al., n.d.)) 

assessing (1) the level of pleasure in the past two weeks, (2) whether this level 

represented a change compared to what is considered normal for this individual, 

and (3) the duration of the loss of pleasure, if any. In order to be eligible for 

inclusion of the anhedonia group, a participant was required to report a level of 

pleasure below the 25th percentile, which was experienced as lower than normal, 

and had to suffer from this loss of pleasure for at least two months. For the control 

group, the inclusion criteria were 1) no loss of pleasure (i.e., pleasure rating above 

the 50th percentile, rated as ‘just as much’, ‘more’ or ‘much more’ compared to 

their normal levels) and 2) willingness to perform a skydive. Participants with 

anhedonia who were willing to perform a skydive (answer yes or maybe) did not 

differ significantly from those who were not willing to do so (N = 25) with regard 

to the severity of anhedonia (t = 1.30, p = .13), the level of consummatory pleasure 

(t = -0.84, p = .40), and depressive symptoms (t = 0.30, p = .77). 

Exclusion criteria were: inability to keep an electronic diary three times a day; 

current professional treatment for psychiatric problems; current use of 

psychotropic medication; epilepsy; pregnancy; conditions that make it impossible 

to be attached to the tandem master (e.g., loose prostheses); height of more than 

two m; weight of more than 95 kg; inability to raise one’s legs 90° (needed for safe 

landing after tandem skydive); significant visual or hearing impairments; 

experience with skydiving, bungee jumping, base jumping, or sky jumping; and 

cardiovascular problems. All criteria were included as questions in the screening 

survey. After one month of diary study, all participants received a compensation of 

75 euros for their participation under the condition that they completed the 

monthly questionnaires and filled in at least 72 of the 90 momentary assessments 

(i.e., 80%). In addition, individuals in the anhedonia group needed to provide 

blood samples before and after the month of diary study to receive the 

compensation. 
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Table 4.1. Demographics of the Matched Anhedonic and Non-anhedonic Sample. 

No anhedonia  Anhedonia 

Men (%) 14   (20)  14   (20) 

Mean age in years (SD) 21.51  (1.90)  21.45  (1.96) 

Current education (%) 
 

 
 

    Tertiary education: University  41  (59)  40  (58) 

    Tertiary education: Higher vocational  26  (38)  25  (36) 

    Secondary education 2  (3)  3  (4) 

    Lower secondary education 0  1 (2) 

Compliance rate (%) 83.52 (92.8)  84.33 (93.7) 

Note. Age reflects the age in years on the day before the introductory session. N= 69 

in both groups. Due to differences in educational systems, current education is 

grouped based on Fig 1 in Veldman et al. (2014). Highest levels of completed 

education of the three participants without current education were: lower and higher 

secondary education, and higher vocational education. Three participants reported no 

current education, and were categorized on the basis of their highest level of 

education attained (namely lower secondary education; higher secondary; higher 

vocational). Compliance rate was the average number of assessments filled out of 90, 

averaged over all participants within that group. 

 

Procedure 
Individuals who were eligible for the intervention study and gave permission to be 

contacted for further research received a detailed information letter and consent 

form by email. The information letter included information about the study 

procedures, possible risks, insurance regulations and the possibility to stop the 

study at any point. After individuals returned a signed consent form, participants 

were invited for an introductory meeting, and asked to fill in an online 

questionnaire at home on the preceding day. 

During the introductory session, participants’ age (checked in ID), exclusion 

and inclusion criteria were checked again, study procedures were explained, and 

participants were instructed on how to fill in the momentary assessments on their 

smartphone. If still eligible and judged able to adhere to the protocol, participants 

received an interactive web link in a text message (and e-mails, if desired) at three 

set time points per day for 30 consecutive days. The web links were sent securely 

via a web application by RoQua (www.roqua.nl), a system specially designed for 

routine outcome monitoring in mental health care that meets the highest privacy 

standards. Except for the nights, the interval between the assessments was always 

six hours, but the exact times were adapted to the lifestyle of the individual 
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participant (e.g., 9 am – 3 pm – 9 pm). When a diary was not filled in at the 

scheduled time, participants got a reminder after one hour and another after an 

hour and a half. The link became unavailable two hours after the first notification. 

Compliance was monitored daily, and participants were contacted when they 

missed more than three assessments on three consecutive days, or were close to 

missing more than 20% of the total number of assessments. 

 

Measures 

Affect 

Affect was assessed with items similar to those used in the Uncovering the Positive 

Potential of Emotional Reactivity (UPPER) study (Bennik, 2015), which were 

adapted from previous ecological momentary assessment studies (M. C. Wichers et 

al., 2007; Marieke Wichers, Lothmann, Simons, Nicolson, & Peeters, 2012), and 

consists of both high arousal and low arousal items. Participants were asked to 

rate the extent to which they experienced a certain emotion by moving a slider 

along the continuum of a Visual Analogue Scale (VAS), that was anchored with not 

at all (left) and very much (right). The location of the slider was converted into a 

score between 0 and 100. In the afternoon and evening assessments, affect was 

measured in retrospect (i.e., “Since the last assessment, I have felt [insert adjective 

emotion]”). To prevent distortion by sleep, morning affect was measured in the 

moment (i.e., “I feel [insert adjective emotion]”). Positive affect (PA) was calculated 

by averaging the VAS-scores of the following 10 items: feeling interested, joyful, 

determined, calm, lively, enthusiastic, relaxed, cheerful, satisfied, and energetic. 

Negative affect (NA) was calculated by averaging the scores on the following eight 

items: feeling upset, gloomy, sluggish, anxious, bored, irritated, nervous, and 

listless. Cronbach’s alpha was .94 for PA and .86 for NA (calculated over all 

assessments). 

 

Social company 

Social company was operationalized in five different ways, namely: 1) the amount 

of social interaction; 2) the amount of time spent in company; 3) the amount of 

time spent with romantic partner; 4) the amount of time spent with family; and 5) 

the amount of time spent with friends. The first operationalization was with an 

adapted item from the Uncovering the Positive Potential of Emotional Reactivity 

(UPPER) study (Bennik, 2015), that read:“[Since the last assessment,] how much did 

I talk to others?”, followed by VAS anchored with not at all (left) and very much 

(right). The other four types of company were assessed by a probe question in 
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which participants were asked to indicate whom they spent time with since the last 

assessment (answer categories: Alone / With partner / With family / With friends / 

With fellow students / With colleagues / With acquaintances / With strangers), for 

each option ticked followed by the question: “How much time did I spend with 

[type of company]?”, which could be answered on a VAS sale ranging from very 

little (left) to a lot (right). The VAS-scores were converted into a number between 0 

and 100. For the probe question, an unticked box was registered as 0 (i.e., no time 

spent in that company) and the time registered for “Alone” was inverted to reflect 

the time that the participant was not alone, and thus in company of others. 

 

Physical activity 

Physical activity was adapted from previous ecological momentary assessment 

studies (Bennik, 2015; Csikszentmihalyi & Larson, 1987, 2014) and assessed by the 

question: “[Since the last assessment,] I have been physically active:”, followed by a 

VAS anchored with not at all (left) and very much (right). The location of the slider 

was converted into a score between 0 and 100. 

 

Data Analytic Plan 
Following Wichers and colleagues (2015), we used multilevel modelling in which 

ESM observations (level 1) were clustered within participants (level 2). After we 

person-centered the level 1 predictors in SPSS version 24.0.0.0 (IBM Corp, 2015b), 

we conducted multilevel regression analyses in MPlus version 7.4 (Muthén & 

Muthén, 2015). In order to investigate the effect of implicit reward and punishment 

learning processes on subsequent activities, social and physical activity at T was 

operationalized as a function of reinforcement learning at T-1. Because morning 

affect that was reported in the moment could never co-occurred with activities 

reported since the last assessment, morning assessments of affect were excluded 

from the analyses. Reward and punishment learning were operationalized as the 

interaction effect of, respectively, the level of affect (i.e., PA or NA) at the previous 

assessment (i.e., T-1) with the level activity at T-1 (i.e., social or physical activity) on 

the level of that particular activity at T. To explore group differences in these 

effects, we added individuals’ anhedonic status as a level 2 predictor (control 

group versus anhedonia group).  
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Affect was assessed with items similar to those used in the Uncovering the Positive 

Potential of Emotional Reactivity (UPPER) study (Bennik, 2015), which were 

adapted from previous ecological momentary assessment studies (M. C. Wichers et 

al., 2007; Marieke Wichers, Lothmann, Simons, Nicolson, & Peeters, 2012), and 

consists of both high arousal and low arousal items. Participants were asked to 

rate the extent to which they experienced a certain emotion by moving a slider 

along the continuum of a Visual Analogue Scale (VAS), that was anchored with not 

at all (left) and very much (right). The location of the slider was converted into a 

score between 0 and 100. In the afternoon and evening assessments, affect was 

measured in retrospect (i.e., “Since the last assessment, I have felt [insert adjective 

emotion]”). To prevent distortion by sleep, morning affect was measured in the 

moment (i.e., “I feel [insert adjective emotion]”). Positive affect (PA) was calculated 

by averaging the VAS-scores of the following 10 items: feeling interested, joyful, 

determined, calm, lively, enthusiastic, relaxed, cheerful, satisfied, and energetic. 

Negative affect (NA) was calculated by averaging the scores on the following eight 

items: feeling upset, gloomy, sluggish, anxious, bored, irritated, nervous, and 

listless. Cronbach’s alpha was .94 for PA and .86 for NA (calculated over all 

assessments). 

 

Social company 

Social company was operationalized in five different ways, namely: 1) the amount 

of social interaction; 2) the amount of time spent in company; 3) the amount of 

time spent with romantic partner; 4) the amount of time spent with family; and 5) 

the amount of time spent with friends. The first operationalization was with an 

adapted item from the Uncovering the Positive Potential of Emotional Reactivity 

(UPPER) study (Bennik, 2015), that read:“[Since the last assessment,] how much did 

I talk to others?”, followed by VAS anchored with not at all (left) and very much 

(right). The other four types of company were assessed by a probe question in 
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which participants were asked to indicate whom they spent time with since the last 

assessment (answer categories: Alone / With partner / With family / With friends / 

With fellow students / With colleagues / With acquaintances / With strangers), for 

each option ticked followed by the question: “How much time did I spend with 

[type of company]?”, which could be answered on a VAS sale ranging from very 

little (left) to a lot (right). The VAS-scores were converted into a number between 0 

and 100. For the probe question, an unticked box was registered as 0 (i.e., no time 

spent in that company) and the time registered for “Alone” was inverted to reflect 

the time that the participant was not alone, and thus in company of others. 

 

Physical activity 

Physical activity was adapted from previous ecological momentary assessment 

studies (Bennik, 2015; Csikszentmihalyi & Larson, 1987, 2014) and assessed by the 

question: “[Since the last assessment,] I have been physically active:”, followed by a 

VAS anchored with not at all (left) and very much (right). The location of the slider 

was converted into a score between 0 and 100. 

 

Data Analytic Plan 
Following Wichers and colleagues (2015), we used multilevel modelling in which 

ESM observations (level 1) were clustered within participants (level 2). After we 

person-centered the level 1 predictors in SPSS version 24.0.0.0 (IBM Corp, 2015b), 

we conducted multilevel regression analyses in MPlus version 7.4 (Muthén & 

Muthén, 2015). In order to investigate the effect of implicit reward and punishment 

learning processes on subsequent activities, social and physical activity at T was 

operationalized as a function of reinforcement learning at T-1. Because morning 

affect that was reported in the moment could never co-occurred with activities 

reported since the last assessment, morning assessments of affect were excluded 

from the analyses. Reward and punishment learning were operationalized as the 

interaction effect of, respectively, the level of affect (i.e., PA or NA) at the previous 

assessment (i.e., T-1) with the level activity at T-1 (i.e., social or physical activity) on 

the level of that particular activity at T. To explore group differences in these 

effects, we added individuals’ anhedonic status as a level 2 predictor (control 

group versus anhedonia group).  
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Mathematically, the random slope model was as follows: 

 

Level 1: 

Activityij=β0j+β1j AffectT-1 +β2j ActivityT-1 +β3j AffectT-1×ActivityT-1 +rij  

Level 2: 
β0j=γ00+γ01 anhedonic status +u0j 

β1j=γ10+γ11 anhedonic status +u1j 

β2j=γ20+γ21 anhedonic status +u2j 

β3j=γ30+γ31 anhedonic status +u3j 

 

In addition to beep level, and still mirroring the analyses of Wichers et al. (2015), 

the reward- and punishment-driven behavioral activities were also investigated on 

day level. The mathematical models of the analyses on day level were the same as 

for beep level except that, before calculating the lagged effects, the level of affect 

and activity were averaged over days. For the lagged day-level variable of co-

occurrence (i.e., interaction term), beep-level lagged variables were used to ensure 

co-occurrence within the same time frame (e.g., morning PA was multiplied by 

behavior in the morning). 

In total, we tested 26 reinforcement learning effects. On beep level, we 

tested 6 interaction effects between level of affect at T-1 and level of social or 

physical activity at T-1 on subsequent behavior at T for PA and 6 interaction effects 

for NA. We then repeated these 12 beep-level analyses on day-level, making 24 

learning effects in total. Additionally, we tested two 3-day-level interaction effects 

with regard to physical activity, making a total of 26 effects tested. 

To maintain a familywise error rate of .05 over all analyses, a Bonferroni-

correction of 


 was applied with VeffLi being the ‘effective 

number’ of independent tests corrected for the correlation amongst the different 

predictors (in this case: the interaction terms). Using the approach proposed by Li 

& Ji (2005), the effective number of independent variables of our 26 correlated 

variables was 19. The experiment-wide significance threshold that is required to 

keep Type I Error Rate at 5% with 19 independent variables is: 0.0027. 
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RESULTS 

Descriptive statistics 
The study had high compliance rates. On average, both anhedonia and control 

participants responded to more than 81 of the total 90 beeps (i.e., > 90%). Given 

the matching procedure, groups did not differ in gender composition, mean age, 

and educational level (see Table 4.1). 

As shown in Table 4.2, control participants had spent on average around 15% 

of their time with their partner, 18% with their family, and 22% with their friends 

since the last assessment. In total, they had been in company of others 65% of the 

time, and reported to have been moderately socially interactive on average. With 

regard to physical activity, participants from the control group reported to be low 

to moderately active on average. Across the 30 days of study, control group 

participants reported an average PA level of 64.44 (SD = 9.36), and an average NA 

level of 14.95 (SD = 7.23). 

Anhedonia was associated with a lower average level of PA, and a higher 

average level of NA, but not to differences in average social or physical activity 

(see Table 4.2). 

 
Table 4.2. Descriptive Statistics For Key Study Variables. 

 Anhedonia status  
 No anhedonia 

(controls) 
 Anhedonia Difference 

 Mean (SD)  Mean (SD) t(136) p 
PA  64.44 (9.36)  54.56 (9.67) -6.10 *** 
NA  14.95 (7.23)  23.84 (8.98) 6.40 *** 

Social activity:        

Social Interaction 52.19 (11.98)  50.05 (10.92) -1.10  

Time spent in company 65.47 (11.75)  67.25 (13.68) 0.82  

Time spent with partner 14.97 (17.12)  17.31 (19.87) 0.74  

Time spent with family 17.72 (12.93)  20.68 (13.45) 1.32  

Time spent with Friends 21.87 (12.95)  19.74 (12.11) -1.00  

Physical Activity 32.46 (10.12)  29.45 (9.41) -1.81 ~ 

Note. PA = Positive Affect; NA = Negative Affect. Means reflect individuals’ day-
level means, aggregated over 30 days within persons. For PA and NA the morning 
assessment were asked momentary instead of retrospective, and were therefore 
excluded. N = 69 in both groups. Differences between groups were tested with 
independent t-tests. 
~ p = .05 - .10 
*** p < .001 
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keep Type I Error Rate at 5% with 19 independent variables is: 0.0027. 
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Reward and Punishment Learning 

With regard to implicit reward and punishment learning, and as shown in Figure 

4.1 and Tables 4.3 and 4.4, the control group did not show modulated behavior as 

a function of associative learning between level of affect and level of activity on 

beep- and 3-day-level. That is, none of the reward and punishment learning effects 

on these levels survived the Bonferroni-corrected statistical level of approximately 

p < .003. 

On day level, however, a significant punishment learning effect was found 

with regard to the amount of time spent with friends (p < .001; see Table 4.4). This 

effect reflects that if, compared to their own average, non-anhedonic individuals 

had spent more time in company of friends and simultaneously had experienced 

higher than average levels of NA (i.e., within the same time frame), they tended to 

spent less time with their friends the next day. 

 

Reward and Punishment Learning in Anhedonic Individuals 

Compared to their non-anhedonic counterparts, individuals in the anhedonia 

group did not differ in reward and punishment learning (see Tables 4.3 and 4.4 on 

the next pages), regardless of the level of investigation. 
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Table 4.3. Estimates of Reward Learning in Individuals without Anhedonia and Differences of 
those Estimates in Individuals with Anhedonia. 

  Anhedonia status 

 
No anhedonia (controls) 

 
Anhedonia 

 
Est. 95% CI p 

 
Est. 95% CI p 

BEEP-LEVEL 

Amount of social Interaction 51.35 [48.29, 54.40] *** 
 

-1.99 [-6.11, 2.12]  

PAT-1 on Interaction T 0.23 [0.15, 0.32] *** 
 

-0.08 [-0.18, 0.03]  

Social InteractionT-1 on Interaction T 0.22 [0.18, 0.27] *** 
 

0.01 [-0.06, 0.07]  

(PAT-1 × InteractionT-1) on Interaction T 0.00 [0.00, 0.01]     0.00 [-0.01, 0.00]   

Time spent in Company  63.69 [60.40, 66.99] *** 
 

2.21 [-2.74, 7.17]  

PAT-1 on Company T 0.19 [0.09, 0.29] *** 
 

0.01 [-0.12, 0.14]  

CompanyT-1 on Company T  0.30 [0.26, 0.35] *** 
 

-0.01 [-0.07, 0.06]  

(PAT-1 × CompanyT-1) on Company T 0.00 [-0.01, 0.00]     0.00 [0.00, 0.01]   

Time spent with Partner  18.09 [13.18, 23.00] *** 
 

3.26 [-4.34, 10.86]  

PAT-1 on Partner T 0.09 [0.01, 0.16] * 
 

-0.04 [-0.14, 0.07]  

PartnerT-1 on Partner T 0.48 [0.40, 0.57] *** 
 

0.01 [-0.09, 0.11]  

(PAT-1 × PartnerT-1) on Partner T 0.01 [0.00, 0.01] *   -0.01 [-0.01, 0.00] * 

Time spent with Family 18.82 [15.53, 22.11] *** 
 

2.70 [-2.09, 7.49]  

PAT-1 on Family T -0.03 [-0.10, 0.05]  
 

0.00 [-0.11, 0.10]  

FamilyT-1 on family T 0.47 [0.41, 0.53] *** 
 

-0.01 [-0.08, 0.07]  

(PAT-1 × FamilyT-1) on Family T 0.00 [-0.01, 0.01]     0.00 [0.00, 0.01]   

Time spent with Friends 22.64 [19.21, 26.07] *** 
 

-2.14 [-6.70, 2.41]  

PAT-1 on Friends T 0.25 [0.15, 0.36] *** 
 

-0.10 [-0.24, 0.04]  

FriendsT-1 on Friends T 0.33 [0.29, 0.38] *** 
 

0.01 [-0.06, 0.07]  

(PAT-1 × FriendsT-1) on Friends T 0.01 [0.00, 0.01] *   0.00 [0.00, 0.01]   

Physical Activity  31.19 [28.77, 33.61] *** 
 

-3.78 [-7.13, -0.43] * 

PAT-1 on Physical Activity T 0.16 [0.09, 0.24] *** 
 

-0.07 [-0.17, 0.03]  

Physical ActivityT-1 on Physical Activity T 0.07 [0.02, 0.12] ** 
 

0.02 [-0.05, 0.09]  

(PAT-1 × Physical ActT-1) on Physical Act T 0.00 [0.00, 0.00]     0.00 [0.00, 0.00]   

DAY-LEVEL 

Amount of social Interaction 51.83 [48.90, 54.75] *** 
 

-2.03 [-5.96, 1.91]  

PAT-1 on Interaction T 0.25 [0.15, 0.35] *** 
 

-0.05 [-0.17, 0.08]  

Social InteractionT-1 on Interaction T 0.11 [0.05, 0.16] *** 
 

-0.04 [-0.12, 0.04]  

(PAT-1 × InteractionT-1) on Interaction T 0.01 [0.00, 0.01] *   0.00 [-0.01, 0.00] ~ 

Time spent in Company  65.38 [62.51, 68.25] *** 
 

1.67 [-2.69, 6.03]  

PAT-1 on Company T 0.28 [0.14, 0.41] *** 
 

-0.08 [-0.25, 0.08]  
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Reward and Punishment Learning 

With regard to implicit reward and punishment learning, and as shown in Figure 

4.1 and Tables 4.3 and 4.4, the control group did not show modulated behavior as 

a function of associative learning between level of affect and level of activity on 

beep- and 3-day-level. That is, none of the reward and punishment learning effects 

on these levels survived the Bonferroni-corrected statistical level of approximately 

p < .003. 

On day level, however, a significant punishment learning effect was found 

with regard to the amount of time spent with friends (p < .001; see Table 4.4). This 

effect reflects that if, compared to their own average, non-anhedonic individuals 

had spent more time in company of friends and simultaneously had experienced 

higher than average levels of NA (i.e., within the same time frame), they tended to 

spent less time with their friends the next day. 

 

Reward and Punishment Learning in Anhedonic Individuals 

Compared to their non-anhedonic counterparts, individuals in the anhedonia 

group did not differ in reward and punishment learning (see Tables 4.3 and 4.4 on 

the next pages), regardless of the level of investigation. 
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Table 4.3. Estimates of Reward Learning in Individuals without Anhedonia and Differences of 
those Estimates in Individuals with Anhedonia. 

  Anhedonia status 

 
No anhedonia (controls) 

 
Anhedonia 

 
Est. 95% CI p 

 
Est. 95% CI p 

BEEP-LEVEL 

Amount of social Interaction 51.35 [48.29, 54.40] *** 
 

-1.99 [-6.11, 2.12]  

PAT-1 on Interaction T 0.23 [0.15, 0.32] *** 
 

-0.08 [-0.18, 0.03]  

Social InteractionT-1 on Interaction T 0.22 [0.18, 0.27] *** 
 

0.01 [-0.06, 0.07]  

(PAT-1 × InteractionT-1) on Interaction T 0.00 [0.00, 0.01]     0.00 [-0.01, 0.00]   

Time spent in Company  63.69 [60.40, 66.99] *** 
 

2.21 [-2.74, 7.17]  

PAT-1 on Company T 0.19 [0.09, 0.29] *** 
 

0.01 [-0.12, 0.14]  

CompanyT-1 on Company T  0.30 [0.26, 0.35] *** 
 

-0.01 [-0.07, 0.06]  

(PAT-1 × CompanyT-1) on Company T 0.00 [-0.01, 0.00]     0.00 [0.00, 0.01]   

Time spent with Partner  18.09 [13.18, 23.00] *** 
 

3.26 [-4.34, 10.86]  

PAT-1 on Partner T 0.09 [0.01, 0.16] * 
 

-0.04 [-0.14, 0.07]  

PartnerT-1 on Partner T 0.48 [0.40, 0.57] *** 
 

0.01 [-0.09, 0.11]  

(PAT-1 × PartnerT-1) on Partner T 0.01 [0.00, 0.01] *   -0.01 [-0.01, 0.00] * 

Time spent with Family 18.82 [15.53, 22.11] *** 
 

2.70 [-2.09, 7.49]  

PAT-1 on Family T -0.03 [-0.10, 0.05]  
 

0.00 [-0.11, 0.10]  

FamilyT-1 on family T 0.47 [0.41, 0.53] *** 
 

-0.01 [-0.08, 0.07]  

(PAT-1 × FamilyT-1) on Family T 0.00 [-0.01, 0.01]     0.00 [0.00, 0.01]   

Time spent with Friends 22.64 [19.21, 26.07] *** 
 

-2.14 [-6.70, 2.41]  

PAT-1 on Friends T 0.25 [0.15, 0.36] *** 
 

-0.10 [-0.24, 0.04]  

FriendsT-1 on Friends T 0.33 [0.29, 0.38] *** 
 

0.01 [-0.06, 0.07]  

(PAT-1 × FriendsT-1) on Friends T 0.01 [0.00, 0.01] *   0.00 [0.00, 0.01]   

Physical Activity  31.19 [28.77, 33.61] *** 
 

-3.78 [-7.13, -0.43] * 

PAT-1 on Physical Activity T 0.16 [0.09, 0.24] *** 
 

-0.07 [-0.17, 0.03]  

Physical ActivityT-1 on Physical Activity T 0.07 [0.02, 0.12] ** 
 

0.02 [-0.05, 0.09]  

(PAT-1 × Physical ActT-1) on Physical Act T 0.00 [0.00, 0.00]     0.00 [0.00, 0.00]   

DAY-LEVEL 

Amount of social Interaction 51.83 [48.90, 54.75] *** 
 

-2.03 [-5.96, 1.91]  

PAT-1 on Interaction T 0.25 [0.15, 0.35] *** 
 

-0.05 [-0.17, 0.08]  

Social InteractionT-1 on Interaction T 0.11 [0.05, 0.16] *** 
 

-0.04 [-0.12, 0.04]  

(PAT-1 × InteractionT-1) on Interaction T 0.01 [0.00, 0.01] *   0.00 [-0.01, 0.00] ~ 

Time spent in Company  65.38 [62.51, 68.25] *** 
 

1.67 [-2.69, 6.03]  

PAT-1 on Company T 0.28 [0.14, 0.41] *** 
 

-0.08 [-0.25, 0.08]  
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CompanyT-1 on Company T  0.22 [0.17, 0.27] *** 
 

-0.01 [-0.07, 0.06]  

(PAT-1 × CompanyT-1) on Company T 0.00 [-0.01, 0.01]     0.00 [-0.01, 0.01]   

Time spent with Partner 14.93 [10.89, 18.97] *** 
 

2.50 [-3.70, 8.70]  

PAT-1 on Partner  T 0.18 [0.08, 0.28] *** 
 

-0.08 [-0.21, 0.06]  

PartnerT-1 on Partner T 0.24 [0.18, 0.31] *** 
 

0.01 [-0.09, 0.11]  

(PAT-1 × PartnerT-1) on Partner T 0.00 [0.00, 0.01]     0.00 [-0.01, 0.01]   

Time spent with family  17.80 [14.80, 20.80] *** 
 

2.73 [-1.63, 7.09]  

PAT-1 on Family T 0.07 [-0.04, 0.18]  
 

0.01 [-0.14, 0.16]  

FamilyT-1 on Family T 0.37 [0.32, 0.43] *** 
 

-0.01 [-0.08, 0.06]  

(PAT-1 × FamilyT-1) on Family T 0.00 [0.00, 0.01]     0.00 [-0.01, 0.01]   

Time spent with Friends 21.37 [18.37, 24.38] *** 
 

-1.75 [-5.95, 2.45]  

PAT-1 on Friends T 0.17 [0.05, 0.29] ** 
 

-0.04 [-0.19, 0.11]  

FriendsT-1 on Friends T 0.22 [0.16, 0.27] *** 
 

-0.04 [-0.12, 0.04]  

(PAT-1 × FriendsT-1) on Friends T 0.01 [0.00, 0.01] **   0.00 [-0.01, 0.00]   

Physical Activity  32.20 [29.81, 34.60] *** 
 

-3.01 [-6.25, 0.24] ~ 

PAT-1 on Physical Activity T 0.11 [0.03, 0.20] * 
 

0.01 [-0.10, 0.11]  

Physical Activity T-1 on Physical Activity T 0.08 [0.05, 0.12] *** 
 

-0.07 [-0.13, -0.02] * 

(PAT-1 × Physical ActT-1) on Physical Act T 0.00 [0.00, 0.01]     0.00 [-0.01, 0.00]   

3-DAY-LEVEL 

Physical Activity 32.48 [30.10, 34.87] *** 
 

-3.13 [-6.37, 34.87] ~ 

PAT-3 on Physical Activity T 0.02 [-0.07, 0.10]  
 

-0.02 [-0.12, 0.08]  

Physical ActivityT-3 on Physical Activity T -0.02 [-0.06, 0.10]  
 

0.01 [-0.07, 0.09]  

(PAT-3 × Physical ActT-3) on Physical Act T 0.00 [-0.01, 0.00]     0.00 [0.00, 0.01]   

Note. Whereas T-1 on beep-level refers to T minus 1 measurement, on day-level, T-1 refers to T 
minus the average of 1 day (i.e., average of three beeps on previous day); PA = Positive Affect. On 3-
day-level, all estimates all controlled for T-2 and T-1 effects. The number of assessments used on 
beep-, day-, and 3-day-level were respectively 10739, 3987, and 3710.  
~ p = .05 - .10  
* p < .05 
** p < .01 
*** p < .001 
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Table 4.4. Estimates of Punishment Learning in Individuals without Anhedonia and 
Differences of those Estimates in Individuals with Anhedonia. 

  Anhedonia status 

  No anhedonia (controls)  Anhedonia 

  Est. 95% CI p  Est. 95% CI p 

BEEP-LEVEL 
Amount of social Interaction 51.4

2 
[48.39, 54.45] ***  -2.05 [-6.14, 2.03]   

NAT-1 on Interaction T -0.14 [-0.25, -0.03] *  0.05 [-0.07, 0.18]   

Social InteractionT-1 on Interaction T 0.24 [0.20, 0.29] ***  0.01 [-0.06, 0.07]   

(NAT-1 × InteractionT-1) on Interaction T 0.00 [-0.01, 0.00]    0.00 [-0.01, 0.01]   

Time spent in Company  63.6
9 

[60.42, 66.96] ***  2.15 [-2.78, 7.08]   

NAT-1 on Company T -0.05 [-0.19, 0.10]    -0.06 [-0.23, 0.11]   

CompanyT-1 on Company T  0.31 [0.27, 0.36] ***  0.00 [-0.07, 0.06]   

(NAT-1 × CompanyT-1) on Company T -0.00 [0.00, 0.01] *  -0.01 [-0.01, 0.00] ** 

Time spent with Partner  18.2
5 

[13.33, 23.17] ***  3.07 [-4.54, 10.67]   

NAT-1 on Partner T 0.01 [-0.08, 0.11]    -0.06 [-0.18, 0.06]   

PartnerT-1 on Partner T 0.50 [0.41, 0.58] ***  -0.01 [-0.11, 0.09]   

(NAT-1 × PartnerT-1) on Partner T 0.00 [-0.01, 0.00]    0.00 [-0.01, 0.01]   

Time spent with Family 18.8
8 

[15.59, 22.16] ***  2.66 [-2.15, 7.46]   

NAT-1 on Family T 0.00 [-0.09, 0.09]    0.06 [-0.06, 0.18]   

FamilyT-1 on family T 0.47 [0.42, 0.53] ***  -0.02 [-0.10, 0.06]   

(NAT-1 × FamilyT-1) on Family T 0.00 [-0.01, 0.00]    0.00 [-0.01, 0.01]   

Time spent with Friends 22.6
2 

[19.21, 26.03] ***  -2.06 [-6.62, 2.49]   

NAT-1 on Friends T -0.16 [-0.28, -0.04] **  0.07 [-0.08, 0.22]   

FriendsT-1 on Friends T 0.35 [0.31, 0.39] ***  0.00 [-0.06, 0.06]   

(NAT-1 × FriendsT-1) on Friends T -0.01 [-0.01, 0.00] *  0.00 [-0.01, 0.01]   

Physical Activity  31.1
6 

[28.74, 33.58] ***  -3.82 [-7.17, -0.47]   

NAT-1 on Physical Activity T -0.08 [-0.17, 0.01] ~  0.04 [-0.07, 0.15]   

Physical ActivityT-1 on Physical Activity T 0.08 [0.03, 0.13] **  0.02 [-0.05, 0.08]   

(NAT-1 × Physical ActT-1) on Physical Act T 0.00 [0.00, 0.01]    0.00 [-0.01, 0.00]   

DAY-LEVEL 

Amount of social Interaction 51.9
9 

[49.11, 54.86] ***  -2.29 [-6.15, 1.57]   

NAT-1 on Interaction T -0.18 [-0.30, -0.05] **  0.07 [-0.08, 0.21]   

Social InteractionT-1 on Interaction T 0.13 [0.08, 0.18] ***  -0.04 [-0.11, 0.04]   

(NAT-1 × InteractionT-1) on Interaction T 0.00 [-0.01, 0.00]    0.00 [-0.01, 0.01]   

Time spent in Company  65.4
8 

[62.67, 68.30] ***  2.15 [-2.34, 6.64]   

NAT-1 on Company T -0.22 [-0.39, -0.05] *  0.06 [-0.14, 0.26]   
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CompanyT-1 on Company T  0.22 [0.17, 0.27] *** 
 

-0.01 [-0.07, 0.06]  

(PAT-1 × CompanyT-1) on Company T 0.00 [-0.01, 0.01]     0.00 [-0.01, 0.01]   

Time spent with Partner 14.93 [10.89, 18.97] *** 
 

2.50 [-3.70, 8.70]  

PAT-1 on Partner  T 0.18 [0.08, 0.28] *** 
 

-0.08 [-0.21, 0.06]  

PartnerT-1 on Partner T 0.24 [0.18, 0.31] *** 
 

0.01 [-0.09, 0.11]  

(PAT-1 × PartnerT-1) on Partner T 0.00 [0.00, 0.01]     0.00 [-0.01, 0.01]   

Time spent with family  17.80 [14.80, 20.80] *** 
 

2.73 [-1.63, 7.09]  

PAT-1 on Family T 0.07 [-0.04, 0.18]  
 

0.01 [-0.14, 0.16]  

FamilyT-1 on Family T 0.37 [0.32, 0.43] *** 
 

-0.01 [-0.08, 0.06]  

(PAT-1 × FamilyT-1) on Family T 0.00 [0.00, 0.01]     0.00 [-0.01, 0.01]   

Time spent with Friends 21.37 [18.37, 24.38] *** 
 

-1.75 [-5.95, 2.45]  

PAT-1 on Friends T 0.17 [0.05, 0.29] ** 
 

-0.04 [-0.19, 0.11]  

FriendsT-1 on Friends T 0.22 [0.16, 0.27] *** 
 

-0.04 [-0.12, 0.04]  

(PAT-1 × FriendsT-1) on Friends T 0.01 [0.00, 0.01] **   0.00 [-0.01, 0.00]   

Physical Activity  32.20 [29.81, 34.60] *** 
 

-3.01 [-6.25, 0.24] ~ 

PAT-1 on Physical Activity T 0.11 [0.03, 0.20] * 
 

0.01 [-0.10, 0.11]  

Physical Activity T-1 on Physical Activity T 0.08 [0.05, 0.12] *** 
 

-0.07 [-0.13, -0.02] * 

(PAT-1 × Physical ActT-1) on Physical Act T 0.00 [0.00, 0.01]     0.00 [-0.01, 0.00]   

3-DAY-LEVEL 

Physical Activity 32.48 [30.10, 34.87] *** 
 

-3.13 [-6.37, 34.87] ~ 

PAT-3 on Physical Activity T 0.02 [-0.07, 0.10]  
 

-0.02 [-0.12, 0.08]  

Physical ActivityT-3 on Physical Activity T -0.02 [-0.06, 0.10]  
 

0.01 [-0.07, 0.09]  

(PAT-3 × Physical ActT-3) on Physical Act T 0.00 [-0.01, 0.00]     0.00 [0.00, 0.01]   

Note. Whereas T-1 on beep-level refers to T minus 1 measurement, on day-level, T-1 refers to T 
minus the average of 1 day (i.e., average of three beeps on previous day); PA = Positive Affect. On 3-
day-level, all estimates all controlled for T-2 and T-1 effects. The number of assessments used on 
beep-, day-, and 3-day-level were respectively 10739, 3987, and 3710.  
~ p = .05 - .10  
* p < .05 
** p < .01 
*** p < .001 
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Table 4.4. Estimates of Punishment Learning in Individuals without Anhedonia and 
Differences of those Estimates in Individuals with Anhedonia. 

  Anhedonia status 

  No anhedonia (controls)  Anhedonia 

  Est. 95% CI p  Est. 95% CI p 

BEEP-LEVEL 
Amount of social Interaction 51.4

2 
[48.39, 54.45] ***  -2.05 [-6.14, 2.03]   

NAT-1 on Interaction T -0.14 [-0.25, -0.03] *  0.05 [-0.07, 0.18]   

Social InteractionT-1 on Interaction T 0.24 [0.20, 0.29] ***  0.01 [-0.06, 0.07]   

(NAT-1 × InteractionT-1) on Interaction T 0.00 [-0.01, 0.00]    0.00 [-0.01, 0.01]   

Time spent in Company  63.6
9 

[60.42, 66.96] ***  2.15 [-2.78, 7.08]   

NAT-1 on Company T -0.05 [-0.19, 0.10]    -0.06 [-0.23, 0.11]   

CompanyT-1 on Company T  0.31 [0.27, 0.36] ***  0.00 [-0.07, 0.06]   

(NAT-1 × CompanyT-1) on Company T -0.00 [0.00, 0.01] *  -0.01 [-0.01, 0.00] ** 

Time spent with Partner  18.2
5 

[13.33, 23.17] ***  3.07 [-4.54, 10.67]   

NAT-1 on Partner T 0.01 [-0.08, 0.11]    -0.06 [-0.18, 0.06]   

PartnerT-1 on Partner T 0.50 [0.41, 0.58] ***  -0.01 [-0.11, 0.09]   

(NAT-1 × PartnerT-1) on Partner T 0.00 [-0.01, 0.00]    0.00 [-0.01, 0.01]   

Time spent with Family 18.8
8 

[15.59, 22.16] ***  2.66 [-2.15, 7.46]   

NAT-1 on Family T 0.00 [-0.09, 0.09]    0.06 [-0.06, 0.18]   

FamilyT-1 on family T 0.47 [0.42, 0.53] ***  -0.02 [-0.10, 0.06]   

(NAT-1 × FamilyT-1) on Family T 0.00 [-0.01, 0.00]    0.00 [-0.01, 0.01]   

Time spent with Friends 22.6
2 

[19.21, 26.03] ***  -2.06 [-6.62, 2.49]   

NAT-1 on Friends T -0.16 [-0.28, -0.04] **  0.07 [-0.08, 0.22]   

FriendsT-1 on Friends T 0.35 [0.31, 0.39] ***  0.00 [-0.06, 0.06]   

(NAT-1 × FriendsT-1) on Friends T -0.01 [-0.01, 0.00] *  0.00 [-0.01, 0.01]   

Physical Activity  31.1
6 

[28.74, 33.58] ***  -3.82 [-7.17, -0.47]   

NAT-1 on Physical Activity T -0.08 [-0.17, 0.01] ~  0.04 [-0.07, 0.15]   

Physical ActivityT-1 on Physical Activity T 0.08 [0.03, 0.13] **  0.02 [-0.05, 0.08]   

(NAT-1 × Physical ActT-1) on Physical Act T 0.00 [0.00, 0.01]    0.00 [-0.01, 0.00]   

DAY-LEVEL 

Amount of social Interaction 51.9
9 

[49.11, 54.86] ***  -2.29 [-6.15, 1.57]   

NAT-1 on Interaction T -0.18 [-0.30, -0.05] **  0.07 [-0.08, 0.21]   

Social InteractionT-1 on Interaction T 0.13 [0.08, 0.18] ***  -0.04 [-0.11, 0.04]   

(NAT-1 × InteractionT-1) on Interaction T 0.00 [-0.01, 0.00]    0.00 [-0.01, 0.01]   

Time spent in Company  65.4
8 

[62.67, 68.30] ***  2.15 [-2.34, 6.64]   

NAT-1 on Company T -0.22 [-0.39, -0.05] *  0.06 [-0.14, 0.26]   
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CompanyT-1 on Company T  0.23 [0.18, 0.28] ***  -0.02 [-0.08, 0.05]   

(NAT-1 × CompanyT-1) on Company T 0.00 [0.00, 0.01]    0.00 [-0.01, 0.01]   

Time spent with Partner 14.8
1 

[10.74
, 

18.87] ***  2.11 [-4.07, 8.29]   

NAT-1 on Partner  T -0.07 [-0.17, 0.03]    -0.02 [-0.15, 0.12]   

PartnerT-1 on Partner T 0.25 [0.18, 0.32] ***  -0.01 [-0.11, 0.09]   

(NAT-1 × PartnerT-1) on Partner T -0.01 [-0.02, 0.00]    -0.01 [-0.02, 0.01]   

Time spent with family  17.5
6 

[14.51
, 

20.61] ***  2.15 [-2.26, 6.57]   

NAT-1 on Family T -0.05 [-0.17, 0.06]    0.04 [-0.12, 0.19]   

FamilyT-1 on family T 0.37 [0.32, 0.43] ***  -0.02 [-0.09, 0.05]   

(NAT-1 × FamilyT-1) on Family T -0.01 [-0.02, 0.00] *  0.00 [-0.01, 0.01]   

Time spent with Friends 20.5
4 

[17.40
, 

23.69] ***  -2.11 [-6.43, 2.21]   

NAT-1 on Friends T -0.11 [-0.22, 0.01] ~  -0.05 [-0.19, 0.10]   

FriendsT-1 on Friends T 0.23 [0.19, 0.28] ***  -0.06 [-0.13, 0.01]   

(NAT-1 × FriendsT-1) on Friends T -0.03 [-0.04, -0.02] ***  0.01 [0.00, 0.02]   

Physical Activity  32.2
5 

[29.88
, 

34.63] ***  -3.08 [-6.31, 0.15]   

NAT-1 on Physical Activity T -0.08 [-0.18, 0.02]    0.01 [-0.11, 0.13]   

Physical Activity T-1 on Physical Activity T 0.10 [0.06, 0.14] ***  -0.07 [-0.13, -0.01]   

(NAT-1 × Physical ActT-1) on Physical Act T 0.00 [-0.01, 0.00]    0.00 [-0.01, 0.01]   

3-DAY-LEVEL 

Physical Activity 32.4
3 

[30.03
, 

34.83] ***  -3.04 [-6.29, 0.21]   

NAT-3 on Physical Activity T 0.01 [-0.10, 0.11]    0.00 [-0.12, 0.12]   

Physical ActivityT-3 on Physical Activity T -0.02 [-0.06, 0.03]    0.01 [-0.06, 0.08]   

(NAT-3 × Physical ActT-3) on Physical Act T 0.00 [0.00, 0.01]    0.00 [-0.01, 0.01]   

Note. Whereas T-1 on beep-level refers to T minus 1 measurement, on day-level, T-1 refers to T 
minus the average of 1 day (i.e., average of three beeps on previous day); PA = Positive Affect. On 3-
day-level, all estimates all controlled for T-2 and T-1 effects. The number of assessments used on 
beep-, day-, and 3-day-level were respectively 10739, 3987, and 3710.  
~ p = .05 - .10  
* p < .05 
** p < .01 
*** p < .001 
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CompanyT-1 on Company T  0.23 [0.18, 0.28] ***  -0.02 [-0.08, 0.05]   

(NAT-1 × CompanyT-1) on Company T 0.00 [0.00, 0.01]    0.00 [-0.01, 0.01]   

Time spent with Partner 14.8
1 

[10.74
, 

18.87] ***  2.11 [-4.07, 8.29]   

NAT-1 on Partner  T -0.07 [-0.17, 0.03]    -0.02 [-0.15, 0.12]   

PartnerT-1 on Partner T 0.25 [0.18, 0.32] ***  -0.01 [-0.11, 0.09]   

(NAT-1 × PartnerT-1) on Partner T -0.01 [-0.02, 0.00]    -0.01 [-0.02, 0.01]   

Time spent with family  17.5
6 

[14.51
, 

20.61] ***  2.15 [-2.26, 6.57]   

NAT-1 on Family T -0.05 [-0.17, 0.06]    0.04 [-0.12, 0.19]   

FamilyT-1 on family T 0.37 [0.32, 0.43] ***  -0.02 [-0.09, 0.05]   

(NAT-1 × FamilyT-1) on Family T -0.01 [-0.02, 0.00] *  0.00 [-0.01, 0.01]   

Time spent with Friends 20.5
4 

[17.40
, 

23.69] ***  -2.11 [-6.43, 2.21]   

NAT-1 on Friends T -0.11 [-0.22, 0.01] ~  -0.05 [-0.19, 0.10]   

FriendsT-1 on Friends T 0.23 [0.19, 0.28] ***  -0.06 [-0.13, 0.01]   

(NAT-1 × FriendsT-1) on Friends T -0.03 [-0.04, -0.02] ***  0.01 [0.00, 0.02]   

Physical Activity  32.2
5 

[29.88
, 

34.63] ***  -3.08 [-6.31, 0.15]   

NAT-1 on Physical Activity T -0.08 [-0.18, 0.02]    0.01 [-0.11, 0.13]   

Physical Activity T-1 on Physical Activity T 0.10 [0.06, 0.14] ***  -0.07 [-0.13, -0.01]   

(NAT-1 × Physical ActT-1) on Physical Act T 0.00 [-0.01, 0.00]    0.00 [-0.01, 0.01]   

3-DAY-LEVEL 

Physical Activity 32.4
3 

[30.03
, 

34.83] ***  -3.04 [-6.29, 0.21]   

NAT-3 on Physical Activity T 0.01 [-0.10, 0.11]    0.00 [-0.12, 0.12]   

Physical ActivityT-3 on Physical Activity T -0.02 [-0.06, 0.03]    0.01 [-0.06, 0.08]   

(NAT-3 × Physical ActT-3) on Physical Act T 0.00 [0.00, 0.01]    0.00 [-0.01, 0.01]   

Note. Whereas T-1 on beep-level refers to T minus 1 measurement, on day-level, T-1 refers to T 
minus the average of 1 day (i.e., average of three beeps on previous day); PA = Positive Affect. On 3-
day-level, all estimates all controlled for T-2 and T-1 effects. The number of assessments used on 
beep-, day-, and 3-day-level were respectively 10739, 3987, and 3710.  
~ p = .05 - .10  
* p < .05 
** p < .01 
*** p < .001 
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DISCUSSION 
In this study we aimed to replicate the pioneer finding of Wichers and colleagues 

(2015), while overcoming their limitations. Based on their findings, and basic principles 

of reinforcement theory (Skinner, 1938; Thorndike, 1927), we expected high levels of 

PA and NA that occurred during social or physical activities would respectively boost 

or limit re-engagement in these activities through associative learning processes. 

Furthermore, based on findings from laboratory research (Chase et al., 2010; Huys et 

al., 2013; Pizzagalli et al., 2008; Vrieze et al., 2013), we expected that these processes 

would be impaired in individuals with anhedonia. However, we found neither robust 

evidence of reward learning or punishment learning processes in non-anhedonic 

individuals, or signs of deviations of these abilities in individuals with anhedonia. Of 

the in total 52 reward and punishment learning effects tested, only one survived 

Bonferroni correction: participants who had spent more time in company of friends 

and experienced high levels of NA during the same time interval that day, tended to 

spent less time with friends the next day. 

Perhaps, our measure of associative learning is more ecologically valid than 

laboratory findings but also harder to capture due to the limited degrees of freedom 

individuals have to change their behavior in daily life. In real life, humans have often 

tight schedules of appointments that leave only little room for ad hoc changes based 

on what is rewarding or punishing and what is not. For example, for those who had a 

partner, it is likely that they wanted to see him/her more often, but commitments on 

both sides made that impossible. However, despite possible limited degrees of 

freedom, we were still able to find a small but significant punishment learning effect 

with regard to friends. That we found a punishment learning effect, but not a reward 

learning effect may be due to the inexplicably intertwined nature between friends and 

PA (Larson, 1983). That is, experiencing high PA in this specific context is probably the 

very reason why friends are labelled as such. Experiencing NA while being in company 

of friends is likely less common (Larson, 1983; Silk et al., 2011; van Roekel et al., 2014) 

but of high learning impact, whereas experiencing NA while being in company of 

family or partner could be more common or socially more accepted and therefore of 

lower learning impact. 

Why we did not find robust evidence of reward and punishment learning effects 

as found by Wichers and colleagues (2015) may be explained by the differences 

between the two studies. Instead of a N = 621 women-sample we used a N = 69 

mixed-gender sample; instead of appraisal we assessed social activity with multiple, 

more neutral measures of social behavior (i.e., time spent in company and amount of 

social interaction instead of appraisal of company); instead of 10 semi-random beeps 
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on five consecutive days, we used two assessments per day for the co-occurrence of 

affect and behavior for 30 consecutive days. Although social and physical activity may 

slightly differ between sexes (see Figure 1 in Caspersen, Pereira, & Curran, 2000; 

Rogers, Everett, Onge, & Krueger, 2010), it is highly unlikely that these factors would 

cause disappearance of most reward and punishment learning effects when using a 

more mixed sample instead of a mere women sample. 

Given the small effect sizes, high sample size, and that without correction for 

multiple testing the risk of a false positive can capitalize to over 50% when exploring 

fifteen or more models, we cannot exclude that at least some of the findings reported 

by Wichers and colleagues are falsely flagged. However, given reinforcement theory 

and the supportive evidence from laboratory studies (Chase et al., 2010; Huys et al., 

2013; Pizzagalli et al., 2008; Vrieze et al., 2013), it is at least equally plausible that we 

did not accurately capture the implicit associative learning processes. We 

mathematically modeled interaction terms as the multiplicative of affect and behavior 

reported since the last assessment of approximately six hours and, given that the 

associative learning process requires simultaneous presence of two stimuli 

(Pessiglione et al., 2008; Skinner, 1938; Thorndike, 1927), this time span may have 

been too large to accurately capture the co-occurrence between social or physical 

behavior and affect. Participants could have engaged in a hodge-podge of activities 

since the last assessment (or multiple engagement of these activities separately) for 

which all an interaction term was calculated with the levels of PA or NA whereas, in 

reality, perhaps only one of those activities was actually accompanied by heightened 

PA or NA. Still, if there was a co-occurrence between behavior and affect, we would 

have been captured  it. Taken together, our assessment of joint appearance may thus 

have been less accurate but not unreliable. 

Although inaccuracy cannot explain our robust lack of findings, a lack of power 

can. That is, because affect was measured differently in the mornings (i.e., momentary 

instead of retrospectively), the remaining two time points may have left us unable to 

detect any reinforcement learning effects in daily life – especially with regard to the 

specific types of social behavior (i.e., family, friends, or partner). That is, the amount of 

engagement in the specific types of social behavior were conditional questions and 

recoded to reflect zero if missing. Post-hoc cross tabulations of the number of 

afternoon and evening assessments showed that 38% and 40% of all assessments 

included time spent with family and/or with friends, and less than 24% included time 

spent with partner (i.e., time spent was non-zero, ranging from very little to all time 

spent in this type of social context since the last assessment). In sum, the two instead 

of three assessments a day for which the co-occurrence of affect and behavior could 

be calculated, in combination with the lower engagement in the specific types of 
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DISCUSSION 
In this study we aimed to replicate the pioneer finding of Wichers and colleagues 

(2015), while overcoming their limitations. Based on their findings, and basic principles 

of reinforcement theory (Skinner, 1938; Thorndike, 1927), we expected high levels of 
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mixed-gender sample; instead of appraisal we assessed social activity with multiple, 

more neutral measures of social behavior (i.e., time spent in company and amount of 

social interaction instead of appraisal of company); instead of 10 semi-random beeps 
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on five consecutive days, we used two assessments per day for the co-occurrence of 

affect and behavior for 30 consecutive days. Although social and physical activity may 

slightly differ between sexes (see Figure 1 in Caspersen, Pereira, & Curran, 2000; 
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can. That is, because affect was measured differently in the mornings (i.e., momentary 

instead of retrospectively), the remaining two time points may have left us unable to 

detect any reinforcement learning effects in daily life – especially with regard to the 
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engagement in the specific types of social behavior were conditional questions and 

recoded to reflect zero if missing. Post-hoc cross tabulations of the number of 
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spent with partner (i.e., time spent was non-zero, ranging from very little to all time 
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of three assessments a day for which the co-occurrence of affect and behavior could 

be calculated, in combination with the lower engagement in the specific types of 
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social behavior, may not have provided enough power to detect effects of previous 

associative learning – especially for those behaviors that were asked conditionally. To 

properly study reward and punishment learning in real life, future ESM studies should 

thus benefit from a priori power analyses for each of the behaviors under study but 

also of its effective time points of co-occurrence.  

Another possibility is that our operationalization of implicit learning 

characterizes a different concept than the implicit learning concept studied in 

controlled labs. We tried to deduce implicit learning processes from the predictive 

power of affect experienced in co-occurrence with real-life activities, as assessed by 

means of experience-sampling methods. In controlled labs, stimuli and rewards that 

mimic real-life have been found to associate subconsciously, and reward and 

punishment learning have been studied by manipulating the rewarding and punishing 

value (e.g., monetary gain or loss)  of a stimulus (e.g., symbol) during a  reward 

learning task. Contrary to controlled laboratory experiments, we did not manipulate 

the rewarding or punishing value of the  stimuli under study, but tested whether the 

level of behavior (social and physical activities) interacted with the concurrently 

assessed level of positive or negative affect to predict future behavior. Possibly the 

learning processes captured in the flow of daily life differ from those captured in the 

lab, and implicit learning measured by experience sampling constitutes a different 

concept or aspect of implicit learning from that studied in controlled labs. 

Given the limitations described above, it is encouraging that we were still able to 

find suggestive evidence for the learning effect in daily life. Trends of the interaction 

effects were all but one in the right direction, and without Bonferroni-correction 

several reached significance. Although the effects with a value above the Bonferroni-

corrected p of .003 should be interpreted with caution, this pattern of findings may 

signal potential for the use of ESM to investigate motivated action in daily life. In 

addition to study designs with semi-random beeps and in-the-moment assessments 

of affect and behavior, short-term retrospective studies with fixed beeps hours apart 

may be equally ecologically valid and reliable source for investigating daily 

reinforcement learning. Future short-term retrospective ESM studies on reward and 

punishment learning would benefit from creating more discriminatory power by 

asking participants for the exact timing of affect and behavior or its co-occurrence. 

We predicted social behavior using a within-subject affective decision-making 

theory stating that, when stimuli X and Y are presented together, X is subconsciously 

associated to Y, and the X-Y association influences subsequent decision-making. In 

addition to Pavlovian theory, re-engagement in social behavior could also be 

explained by the evolutionary game theory. According to the game theory, reward 

and punishment learning capacities evolved as means to cooperate with others 
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(Maynard Smith & Price, 1975). Game theory is built on the assumption that 

individuals act rationally, that is, cooperate or defect in interaction with others in line 

with their own interests. Whether cooperation is in one’s interest is partly based on 

learning and experience. In the context of social dilemmas, reward and punishment 

learning may have important implications for the viability of behavior and the decision 

to re-engage in social activities or contexts (see, for example (Chen, Wang, Sun, Wang, 

& Xia, 2016; Maynard Smith & Price, 1975; Rogers et al., 2010). 

With regard to the differences we found in time expenditure of individuals with 

anhedonia, some other trends may also be of interest for future replication studies. 

Individuals in the anhedonia group reported diminished PA and higher NA, appeared 

somewhat less physically active but showed no differences in social activity. 

Previously, the frequency of engagement in social and physical behaviors was related 

to mild depression (Hopko & Mullane, 2008) and the experience of fewer positive 

events to anhedonia in MDD (Peeters et al., 2003). Although some studies also 

reported no differences in the daily activities of depressed individuals nor in the 

amount of time spent alone (Larson et al., 1990), the majority of findings point toward 

a difference in perception of social activities (i.e., the extent to which these activities 

are rated as positive or enjoyable) rather than a difference in the absolute number of 

social activities undertaken. That we found anhedonia unrelated to time spent in 

social context, in combination with an increased punishment learning curve with 

regard to spending time in company, suggests that anhedonia may not make 

individuals less socially active per se, but rather more prone to social withdrawal after 

experiencing negative emotions in company of others. Given that these findings 

should be interpreted with caution, however, replication is warranted. 

 

STRENGTHS AND LIMITATIONS 

The present study has many strengths. First, the study uses ESM to study 

reinforcement learning, a study method that has higher ecological validity than 

laboratory tasks. Second, the study was the first to explore ESM reinforcement 

learning effects in a clinical sample. Third, for an ESM study, the study has a long 

duration compared to other ESM studies. Fourth, we had multiple measures of social 

company available, all of which slightly differed in their degree of effort allocation 

(e.g., social interaction versus being not alone) and in their specificity of company 

(e.g., being not alone versus being with friends).  

Despite its many strengths, the findings have also some limitations with regard 

to their generalizability. First, the sample comprises predominantly highly educated 

young adults of which only 20% is male. Although never examined in daily life there 

may well be sex differences in daily reward and punishment learning (see, for example 
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(Maynard Smith & Price, 1975)). If there are sex differences in reward and punishment 

learning in daily life, our results are thus probably more generalizable to women than 

to men. Second, because affect was measured differently in the mornings (i.e., 

momentary instead of retrospectively), the modeled interaction effects did not include 

the associative learning processes that may have occurred during evenings, nights, or 

early mornings. Third, physical activity was assessed as the overall amount of 

subjective activity, whereas more detailed information on its intensity and duration 

may have been more informative. Research shows that PA increases after engaging in 

physical activities of low-to-moderate intensity, but only if the physical activity lasts 

for at least 30 minutes (Reed & Buck, 2009; Reed & Ones, 2006). Ideally, we would 

have used an objective assessments of physical activity, for example, via an actigraph 

accelerometer or smartphone auto-registration (Hekler et al., 2015). 

 

CONCLUSION 
Our study shows promising results that reward and punishment learning processes 

can be observed in real life. Careful consideration of power and timescale, however, is 

key. Short-term retrospective ESM design with beeps approximately six hours apart 

may suffer from mismatch noise that hampers accurate detection of associative 

learning effects over time. Future research is needed to determine to what extent the 

time frame of retrospective designs could be used without information on co-

occurrence, and whether learning processes can be captured over more than six hours 

when individuals report on the co-occurrence of behavior and affect. 

 
  

 
 

 

14970 - Heininga_BNW.indd   86 01-11-17   16:45



86 | Chapter 4 
 

 

 

(Maynard Smith & Price, 1975)). If there are sex differences in reward and punishment 

learning in daily life, our results are thus probably more generalizable to women than 

to men. Second, because affect was measured differently in the mornings (i.e., 

momentary instead of retrospectively), the modeled interaction effects did not include 

the associative learning processes that may have occurred during evenings, nights, or 

early mornings. Third, physical activity was assessed as the overall amount of 

subjective activity, whereas more detailed information on its intensity and duration 

may have been more informative. Research shows that PA increases after engaging in 

physical activities of low-to-moderate intensity, but only if the physical activity lasts 

for at least 30 minutes (Reed & Buck, 2009; Reed & Ones, 2006). Ideally, we would 

have used an objective assessments of physical activity, for example, via an actigraph 

accelerometer or smartphone auto-registration (Hekler et al., 2015). 

 

CONCLUSION 
Our study shows promising results that reward and punishment learning processes 

can be observed in real life. Careful consideration of power and timescale, however, is 

key. Short-term retrospective ESM design with beeps approximately six hours apart 

may suffer from mismatch noise that hampers accurate detection of associative 

learning effects over time. Future research is needed to determine to what extent the 

time frame of retrospective designs could be used without information on co-

occurrence, and whether learning processes can be captured over more than six hours 

when individuals report on the co-occurrence of behavior and affect. 

 
  

 
 

 

14970 - Heininga_BNW.indd   87 01-11-17   16:45



 

 

 

 

         
 

 
 
 

RESEARCH REPRODUCIBILITY 
  

 

 

 

  

14970 - Heininga_BNW.indd   88 01-11-17   16:45



 

 

 

 

         
 

 
 
 

RESEARCH REPRODUCIBILITY 
  

 

 

 

  

14970 - Heininga_BNW.indd   89 01-11-17   16:45



 

 

 

 

 

 

  

 
 

 

 
 
 

Different operationalizations of the same construct 

 

Emotion-Based Learning by Iowa and Bangor Gambling Tasks:  

Similar but not the same? 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Heininga, V. E., Nederhof, E., Van Roekel, E., Laceulle, O. M., & Oldehinkel, A. J.  

Submitted 

14970 - Heininga_BNW.indd   90 01-11-17   16:46



 

 

 

 

 

 

  

 
 

 

 
 
 

Different operationalizations of the same construct 

 

Emotion-Based Learning by Iowa and Bangor Gambling Tasks:  

Similar but not the same? 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Heininga, V. E., Nederhof, E., Van Roekel, E., Laceulle, O. M., & Oldehinkel, A. J.  

Submitted 

14970 - Heininga_BNW.indd   91 01-11-17   16:46



Note:

Chapter 5 is currenlty under embargo.

Embargo ends: 04/12/2018



104 | Chapter 5 
 

 

 

CONCLUSION 
In contrast to the high correlation reported by Bowman & Turnbull in 2003, we found 

a zero correlation when the two tasks were administered approximately three years 

apart. In combination with the similar incremental learning patterns we found during 

the two tasks, our results suggest that the BGT and IGT may share similar performance 

features but possibly not on the same construct. Although the BGT may be a useful 

tool for clinical neuropsychologists, in combination with the IGT it may be less suited 

to test changes in adolescents’ emotion-based learning over a larger time frame. 
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ABSTRACT 

Background: In psychiatric genetics research, the volume of ambivalent findings on 

gene-environment interactions (GxE) is growing at an accelerating pace. In response 

to the surging suspicions of systematic distortion, we challenge the notion of chance 

capitalization as a possible contributor. Beyond qualifying multiple testing as a mere 

methodological issue that, if uncorrected, leads to chance capitalization, we advance 

towards illustrating the potential benefits of multiple tests in understanding equivocal 

evidence in genetics literature. Method: We focused on the interaction between the 

serotonin-transporter-linked promotor region (5-HTTLPR) and childhood adversities 

with regard to depression. After testing 2160 interactions with all relevant measures 

available within the Dutch population study of adolescents TRAILS, we calculated 

percentages of significant (p < .05) effects for several subsets of regressions. Using 

chance capitalization (i.e. overall significance rate of 5% alpha and randomly 

distributed findings) as a competing hypothesis, we expected more significant effects 

in the subsets of regressions involving: 1) interview-based instead of questionnaire-

based measures; 2) abuse instead of milder childhood adversities; and 3) early instead 

of later adversities. Furthermore, we expected equal significance percentages across 4) 

male and female subsamples, and 5) various genotypic models of 5-HTTLPR. Results: 

We found differences in the percentages of significant interactions among the subsets 

of analyses, including those regarding sex-specific subsamples and genetic modeling, 

but often in unexpected directions. Overall, the percentage of significant interactions 

was 7.9% which is only slightly above the 5% that might be expected based on 

chance. Conclusion: Taken together, multiple testing provides a novel approach to 

better understand equivocal evidence on GxE, showing that methodological 

differences across studies are a likely reason for heterogeneity in findings - but chance 

capitalization is at least equally plausible. 
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INTRODUCTION 
In psychiatric genetics, the volume of studies examining gene-environment 

interactions (GxE) is increasing at an accelerating pace (“Web Of Science search,” n.d.). 

Nonetheless, a growing proportion of these studies appear non-replicable, with clear 

explanations yet to be found (Colhoun, McKeigue, & Smith, 2003; Eaves, 2006; 

Ioannidis, Ntzani, Trikalinos, & Contopoulos-Ioannidis, 2001; Munafò & Flint, 2009). In 

2005, Ioannidis responded to surging suspicions of systematic distortion by 

comparing the ratio of true to non-true simulated relationships, and was able to show 

that many findings are more likely to be false than true. Moreover, in speculating on 

“[w]hy most published research findings are false” (Ioannidis, 2005), inconsistencies 

were coined to reflect bias, partly due to selective publication of the findings 

(Ioannidis, 2005; Ioannidis, Munafò, Fusar-Poli, Nosek, & David, 2014). Inspired by 

Ioannidis and colleagues, we aimed to explore multiple testing within individual 

studies as a plausible explanation for heterogeneity of findings in GxE research on 

psychiatric disorders. 

Ideally, a hypothesis reflects an a priori expectation and the variables involved 

are operationalized in a single, best possible, way. Subsequently, the test result 

indicates whether or not the null hypothesis should be rejected. In practice, however, 

this process usually takes a different form (Ioannidis, 2005; Khoury et al., 2007; Young, 

Ioannidis, & Al-Ubaydi, 2008). In the current era of big data, GxE researchers can often 

operationalize their genetic, environmental and outcome factors in multiple ways, at 

least some of which will yield insignificant results. One or more significant GxE findings 

are to be expected as well: the risk of a false positive (i.e. incorrectly rejected null 

hypothesis) rises exponentially when testing multiple models with the commonly used 

hypothesis testing approach. That is, the risk can capitalize from the commonly 

accepted error chance of 5% in a single test, to over 50% when exploring fifteen or 

more models (family-wise error: 1-0.9515 ≈ 0.54; see, for example: (Sullivan, 2007). 

Consistent lines of evidence are essential for understanding GxE pathways to 

psychiatric disorders and advancing the field, but career benefits of reporting 

significant findings make it conceivable that published associations reflect a non-

representative selection of all tests conducted (Ioannidis, 2005; Khoury et al., 2007). 

Importantly, this downside of the availability of multiple operationalizations of single 

factors could be turned into a major advantage if researchers reported all options 

tried, rather than a biased selection. We postulate that a more transparent overview of 

all test results could not only reduce publication bias, but also help to move beyond 

the statement that “most research findings are false” (Ioannidis, 2005) to an approach 
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that allows fellow researchers in the field to consider alternative explanations for 

ambivalent findings. 

This more transparent approach will be illustrated using the interaction between 

the serotonin-transporter-linked promotor region (5-HTTLPR) and childhood 

adversities with regard to depression. After Caspi and colleagues (Caspi et al., 2003) 

reported that childhood adversities had the most detrimental effects on depression 

among those who carried the 5-HTTLPR short allele, studies exploring this interplay 

rapidly accumulated. Similar to other genotypes in psychiatric genetics research, 

however, the original findings of Caspi and colleagues (Caspi et al., 2003) often 

appeared non-replicable, and even meta-analytical efforts have failed to detect 

converging lines of evidence (Karg, Burmeister, Shedden, & Sen, 2011; Munafò, Brown, 

& Hariri, 2008; Munafò & Flint, 2009; Risch et al., 2009). 

The exceptional amount of effort devoted to this interaction provides an 

excellent opportunity to consider possible causes of research equivocality. These can 

be explored by comparing multiple tests involving varying operationalizations of 

5-HTTLPR, childhood adversities and depression available within a single study. 

Important explanations for the inconsistent findings are reviewed below, followed by a 

description of how these were incorporated in the present study. 

 

Proposed explanations for inconsistent GxE findings  
In this section, we describe three commonly acknowledged explanations for 

inconsistent GxE findings, followed by two explanations that are largely disregarded. 

First, diverging gene-environment interaction effects are often assumed to arise from 

differences in the quality of the assessment. More specifically, due to recall bias and 

interpretation problems of self-report questionnaires, data collected using structured 

face-to-face interviews conducted by trained interviewers are generally considered 

more reliable (Monroe, 2008). The lower reliability of self-reports may reduce the 

power and validity of the interaction tests, possibly explaining why GxE studies using 

more objective measures have generally yielded more consistent GxE evidence (Karg 

et al., 2011; Uher & McGuffin, 2010). 

Second, as carriers of genetic risk factors may respond differently to mild and 

severe childhood diversities than  non-carriers, inconsistencies in gene-environment 

interaction findings may also arise from differences in severity of the childhood 

adversities examined (Caspi, Hariri, Holmes, Uher, & Moffitt, 2010). With respect to 

5˗HTTLPR, the original Caspi et al. (Caspi et al., 2003) study showed a significant 

moderation by genotype of both the link between childhood maltreatment and 

depression and the link between milder stressful life events and depression. In 
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contrast, replication studies focusing on severe childhood adversities reported more 

often significant gene-environment interaction effects than studies involving milder 

events (Caspi et al., 2010; Karg et al., 2011), indicating that the probability of 

significance may co-vary with the severity of the childhood adversity under study. 

Third, it may be that individuals are at higher risk of developing 

psychopathology if they were exposed to adversities in the early stages of their lives 

(Homberg & van den Hove, 2012; Zalsman, 2010). That is, effects of environmental 

adversity on later outcomes may depend on the timing of the adversity (Lupien, 

McEwen, Gunnar, & Heim, 2009). Temporal differences in programming effects of 

stress on the brain have been proposed because brains are more receptive to stress 

before the  age of five (McEwen, 2000). Programming effects in turn, would render 

individuals who were exposed to adversities within the first five years of life more 

prone to depression later on (Andersen & Teicher, 2008), especially when they carry 

risk alleles (Heim & Binder, 2012). The divergence in GxE findings may thus be due to 

the difference in the time frame of the adversity measure. 

While several studies have addressed these issues, only few researchers have 

suggested that inconsistencies in GxE research may arise from differences in sex 

distribution of the sample (Duncan & Keller, 2011). There are good reasons to believe 

that effects of 5-HTTLPR vary as a function of sex (Martel, 2013), because male and 

females differ in crucial aspects of the serotonergic neurotransmission encoded by 

allelic variation in the 5-HTTLPR gene (Williams et al., 2003), and the effects of 

serotonin are increased by the presence of female hormones (i.e. estrogens such as 

estradiol) (Martel, 2013). Despite the existence of sex-specific mechanisms, most GxE 

studies involving 5-HTTLPR have used mixed samples – implicitly assuming no 

sex-specific mechanisms – and sex-related heterogeneity in findings has commonly 

been disregarded (but see: Uher & McGuffin, 2008, 2010). 

Lastly, inconsistencies in GxE research may also be explained by diverging ways 

of genotype-coding. The 5-HTTLPR genotype encompasses a short (S) allele and a 

long (L) allele variant, which can be modeled in various ways, each based on a 

different assumption on the relative risk associated with the allelic combinations. 

Whereas the additive genetic model assumes that the risk increases linearly with the 

number of S alleles, the dominant model assumes that carriers of the S-alleles have 

equal risks, regardless of whether their genotype is hetero- or homozygous, and the 

co-dominant model allows any association pattern without a priori assumptions. 

Furthermore, in addition to the traditional, so-called biallelic approach of modeling, a 

triallelic approach has become increasingly popular. The triallelic approach is based on 

the notion that the L allele is functionally equivalent to the S allele in the presence of 

the g allele variant of the Single Nucleotide Polymorphisms (SNP) rs25531 (Lg = S; see 
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for more details: Hu et al., 2006). Whereas researchers seem to agree upon using the 

triallelic approach when possible, so far, justification of which genetic model is to be 

preferred over the others is inconclusive [(Flint & Munafò, 2013; Martin, Cleak, Willis-

Owen, Flint, & Shifman, 2007; Uher & McGuffin, 2008, 2010). Although the choice of 

genetic model may affect association patterns (Duncan & Keller, 2011; Uher & 

McGuffin, 2008), several studies found similar effects for different 5-HTTLPR 

classifications (Laucht et al., 2009; Markus, 2013; Sheikh et al., 2008). 

 

This study 
In response to suspicions of publication bias among many, and inspiring findings by a 

few (e.g., Fergusson, Horwood, Miller, & Kennedy, 2011; Ioannidis, 2005; Munafò & 

Flint, 2009; Roisman et al., 2012; Simmons, Nelson, & Simonsohn, 2011), we examine 

chance capitalization as a possible explanation for heterogeneity in GxE research. In 

the remainder of this paper we evaluate the explanations for equivocal GxE findings 

proposed so far, including chance capitalization, within a single study. Under the 

assumption that the aforementioned methodological explanations for heterogeneity 

in GxE research are correct, subsets of regression models containing different 

measures of childhood adversities and depressive symptoms should yield varying 

percentages of significant effects. 

Using chance capitalization as the competing hypothesis, we expected a 

significant interaction between 5-HTTLPR and childhood adversities in more than 5% 

of the analyses, and especially in the subsets involving: 1) measures based on 

structured interviews instead of self-report questionnaires; 2) measures of abuse 

instead of milder childhood adversities; and 3) measures of early adversities instead of 

those experienced at a later age. Furthermore, we expected the percentages of 

significant effects to be equal across 4) sex and 5) varying genetic models of 5-

HTTLPR. Absence of meaningful association patterns, with randomly distributed 

significant effects in, on average, approximately 5% of the analyses, were considered 

support for publication bias in favor of false positive findings as an explanation for the 

inconsistent findings reported in the literature (Ioannidis, 2005). 

 

  

Chance capitalization | 111  

         
 

METHOD 

Sample 
The data were collected as part of the TRacking Adolescents’ Individual Lives Survey 

(TRAILS), a prospective cohort study of Dutch adolescents (Esther Nederhof et al., 

2012; Ormel et al., 2012). Five assessment waves have been completed to date, of 

which the present study uses data of the first four waves that ran from March 2001 to 

July 2002 (T1), September 2003 to December 2004 (T2), September 2005 to August 

2007 (T3), October 2008 to September 2010 (T4). The study was approved by the 

Dutch Central Committee on Research Involving Human Subjects (CCMO). Participants 

were treated in compliance with APA ethical standards, and all measurements were 

carried out with their adequate understanding and written consent. 

At T1, 2230 (pre-)adolescents were enrolled in the study (response rate 76%, 

mean age 11.1, SD = 0.6, 51% girls) (de Winter et al., 2005), of whom 96% (N = 2149, 

mean age 13.6, SD = 0.5, 51% girls) participated at T2. The response rates at T3 and T4 

were, respectively, 81% (N = 1816, mean age 16.3, SD = 0.7, 52% girls) and 83% 

(N = 1881, mean age 19.1, SD = 0.6, 52% girls). The data collection included, among 

many other things, self-report and parent-report questionnaires, a psychiatric 

diagnostic interview, and a life stress interview. 

 

Measures 
Depressive symptoms 

Depressive symptoms were assessed using three different instruments, which yielded 

nine measures in total (for an overview, see Table 6.1). Participants’ parents reported 

on depressive symptoms by means of the 13-item DSM-oriented Affective Problem 

Scale (Achenbach, Dumenci, & Rescorla, 2003) of the Child Behavior Checklist (CBCL; 

Achenbach & Rescorla, 2001), the participants themselves reported on depressive 

symptoms by its self-report variant, the 13-item Affective Problem Scale of the Youth 

Self-Report (YSR; Ormel et al., 2012). Both instruments assessed depressive symptoms 

over the last six months, with possible answers 0 = not true, 1 = somewhat true or 

sometimes true, and 2 = very true or often true. The CBCL and YSR were assessed at 

T1 (CBCL1, α = .68; YSR1 α = .77), T2 (CBCL2, α = .73; YSR2 α = .72) and T3 (CBCL3, 

α = .76; YSR3, α = .78). In addition to the scores for each assessment wave separately, 

we calculated the mean over these three time points, labeled as CBCLmean and YSRmean, 

respectively. 
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The presence of a lifetime Major Depressive Episode according to the Diagnostic 

and Statistical Manual of Mental Disorders (DSM-IV; APA, 2009) was assessed at T4, 

using the WHO Composite International Diagnostic Interview (CIDI; version 3.0). The 

CIDI has been used in a large number of surveys worldwide (Kessler & Ustün, 2004), 

and shown to have good concordance with clinical diagnoses (Haro et al., 2006; 

Kessler et al., 2009). 

 

Childhood adversities 

Exposure to childhood adversities was operationalized in ten different ways (for an 

overview, see Table 6.1). ‘Pre- and perinatal risks’ (PPRISKS) were assessed at T1 in an 

interview with one of the parents, usually the mother, and included questions about 

maternal prenatal smoking, maternal prenatal alcohol use, birth weight, gestational 

age, and pregnancy and delivery complications. Maternal prenatal smoking was coded 

as follows: 0 = no smoking; 1 = 10 cigarettes a day or less; 2 = more than 10 

cigarettes a day. Maternal prenatal alcohol use was coded as follows: 0 = no alcohol 

use, 1 = up to three glasses per week, 2 = four glasses per week or more. Birth weight 

was coded as 0 = normal birth weight and 1 = either low (< 2,500 g) or high (> 4,500 

g) birth weight. Gestational age was recoded into two groups: 0 = normal (between 

34 and 42 weeks) and 1 = abnormal (33 weeks or less, or more than 42 weeks). 

Pregnancy and delivery complications were coded as 0 = no complications; 

1 = between one and four complications; 2 = five or more complications. The index of 

pre- and perinatal risks was composed by adding the scores of these variables. 

The measure ‘Childhood events’ (CE) reflects stressful events that occurred 

before T1, and was also assessed at the T1 parent interview. The variable was created 

by summing the following events: severe (physical or mental) disease of father or 

mother; severe illness (life-threatening or threat of serious permanent effects) of a 

sibling; death of a household member; parental divorce; and absence from home for 

three months or longer. ‘Long term difficulties’ (LTD) were assessed with a 

questionnaire completed by parents at T2, and reflects the sum score of the following 

difficulties: chronic disease or handicap of the participant, chronic disease or handicap 

of a household member, being bullied, long-lasting conflicts with a household 

member, and long-lasting conflicts with someone else, all experienced before T1. 

Four measures involved subjective ratings of the stressfulness of the 

participants’ lives during early and later childhood. These were assessed at T2 using 

parent- and self-reported ratings of the overall stressfulness of the child’s life before 

the age of five (parent0-5STRESS and self0-5STRESS) and from age six to age eleven 

(parent6-11STRESS and self6-11STRESS). Parents were asked ‘How stressful was your child’s 

life in this life phase?’, and the participants ‘How many stressful events did you 
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The presence of a lifetime Major Depressive Episode according to the Diagnostic 

and Statistical Manual of Mental Disorders (DSM-IV; APA, 2009) was assessed at T4, 

using the WHO Composite International Diagnostic Interview (CIDI; version 3.0). The 

CIDI has been used in a large number of surveys worldwide (Kessler & Ustün, 2004), 

and shown to have good concordance with clinical diagnoses (Haro et al., 2006; 

Kessler et al., 2009). 

 

Childhood adversities 

Exposure to childhood adversities was operationalized in ten different ways (for an 

overview, see Table 6.1). ‘Pre- and perinatal risks’ (PPRISKS) were assessed at T1 in an 

interview with one of the parents, usually the mother, and included questions about 

maternal prenatal smoking, maternal prenatal alcohol use, birth weight, gestational 

age, and pregnancy and delivery complications. Maternal prenatal smoking was coded 

as follows: 0 = no smoking; 1 = 10 cigarettes a day or less; 2 = more than 10 

cigarettes a day. Maternal prenatal alcohol use was coded as follows: 0 = no alcohol 

use, 1 = up to three glasses per week, 2 = four glasses per week or more. Birth weight 

was coded as 0 = normal birth weight and 1 = either low (< 2,500 g) or high (> 4,500 

g) birth weight. Gestational age was recoded into two groups: 0 = normal (between 

34 and 42 weeks) and 1 = abnormal (33 weeks or less, or more than 42 weeks). 

Pregnancy and delivery complications were coded as 0 = no complications; 

1 = between one and four complications; 2 = five or more complications. The index of 

pre- and perinatal risks was composed by adding the scores of these variables. 

The measure ‘Childhood events’ (CE) reflects stressful events that occurred 

before T1, and was also assessed at the T1 parent interview. The variable was created 

by summing the following events: severe (physical or mental) disease of father or 

mother; severe illness (life-threatening or threat of serious permanent effects) of a 

sibling; death of a household member; parental divorce; and absence from home for 

three months or longer. ‘Long term difficulties’ (LTD) were assessed with a 

questionnaire completed by parents at T2, and reflects the sum score of the following 

difficulties: chronic disease or handicap of the participant, chronic disease or handicap 

of a household member, being bullied, long-lasting conflicts with a household 

member, and long-lasting conflicts with someone else, all experienced before T1. 

Four measures involved subjective ratings of the stressfulness of the 

participants’ lives during early and later childhood. These were assessed at T2 using 

parent- and self-reported ratings of the overall stressfulness of the child’s life before 

the age of five (parent0-5STRESS and self0-5STRESS) and from age six to age eleven 

(parent6-11STRESS and self6-11STRESS). Parents were asked ‘How stressful was your child’s 

life in this life phase?’, and the participants ‘How many stressful events did you 
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experience in this period?’ The stressfulness was rated on an 11-point scale, ranging 

from 0 = not at all to 10 = very much. 

Three measures represented traumatic youth experiences before the age of 

sixteen years, as reported retrospectively by the adolescents at T4, with questions 

based on the Childhood Trauma Questionnaire (CTQ; (Bernstein & Fink, 1998)). Verbal 

abuse (verbalABUSE, α = .84) was measured by five questions ranging from screaming 

to threatening and physical abuse (physABUSE, α = .73) by six questions ranging from 

being hit to being beaten up; the occurrence of which could be rated as 1 = no, never; 

2 = yes, one or two times; 3 = sometimes; 4 = often; 5 = very often. Sexual abuse 

(sexABUSE) was based on a list of five unwanted sexual acts by an adult family member, 

friend of the family or stranger, ranging from touching to sexual intercourse, the 

occurrence of which could be rated as 1 = never happened to me, 2 = happened 

once, or 3 = happened several times. The abuse measures reflect the mean of the 

ratings.  

 

5-HTTLPR 

DNA was obtained at T3 through a manual salting out procedure using either blood 

samples or buccal swabs, as delineated in detail by (Miller, Dykes, & Polesky, 1988) 

The length polymorphisms of the serotonin transporter-linked polymorphic region 

(5-HTTLPR) were genotyped as described by Nederhof and colleagues (2010). 

The 5-HTTLPR polymorphism was modeled in an additive, dominant and 

co-dominant way, which, combined with the biallelic and triallelic approach, yielded 

six different ways to operationalize genetic risk. In the additive genetic model, the risk 

associated with the LS genotype was coded as being half the size as the risk 

associated with the SS genotype, as compared to the LL genotype (LL = 0, LS = 1, 

SS = 2). In the S dominant model, the risk associated with the of SL and SS genotype 

was modeled as being equal to each other (LL = 0, LS = 1, SS = 1). In the co-dominant 

model, the risk associated with SS and LS was estimated using separate dummies, with 

LL serving as the reference group for both (dummy 1: LL = 0, LS = 0, SS = 1; dummy 2: 

LL = 0, LS = 1, SS = 0). These three genetic models were constructed using both the 

biallelic approach and the triallelic approach. In the latter case, the L allele was 

recoded into an S allele in the presence of ag allele of SNP rs25531 (Lg = S). For an 

overview of 5-HTTLPR coding in regression models per genetic model, see Table 6.2 

on the next page. Please bear in mind that, due to the dummy coding as dictated by 

the co-dominant model, the six genetic models were in the statistical analyses tested 

by a total of eight interaction terms.  
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Table 6.2  Overview of 5-HTTLPR coding in regression models, per genetic model. 

 
 LaLa LaLg LgLg LaS LgS SS 

Biallelic coding:  LL LL LL LS LS SS 
 Additive model: 0 0 0 1 1 2 
 Dominant model: 0 0 0 1 1 1 
 Co-dominant model:       
     Dummy LS: 0 0 0 1 1 0 
     Dummy SS: 0 0 0 0 0 1 
Triallelic coding:  L’L’ L’S’ S’S’ L’S’ S’S’ S’S’ 
        
 Additive model: 0 1 2 1 2 2 
 Dominant model: 0 1 1 1 1 1 
 Co-dominant model:       
     Dummy L’S’: 0 1 0 1 0 0 
     Dummy S’S’: 0 0 1 0 1 1 

 

Analytical strategy 
We tested a total of 2160 interaction effects between 5-HTTLPR and childhood 

adversities on depressive symptoms, using ordinary least squares (for continuous 

outcomes) and logistic regression (for binary outcomes) in SPSS (version 21; IBM Corp, 

2015a). The tests were conducted in a sample comprised of both males and females 

(See Table 6.3 for an overview of all analyses; 720 regression models, sample sizes 

ranging from 779 to 1050), a male sample (720 regression models; sample sizes 341 to 

488), and a female sample (720 regression models; sample sizes ranging from 438 up 

to 562). Each analytic model included one of the childhood adversity measures, one of 

the operationalization’s of 5-HTTLPR (in case of co-dominant genetic models: two 

dummy variables), and one of the depression measures as outcome variable. We were 

primarily interested in the interaction between the childhood adversity and the 5-

HTTLPR measure.  

In order to explore our hypotheses, we calculated the percentage of significant 

findings for subsets of regression analyses, by dividing the number of statistically 

significant (p < .05) interaction effects by the total number of interaction effects 

tested, and multiplying this proportion by 100. Because the tests could be considered 

neither independent observations nor repeated observations, formal testing of the 

hypothesis that the percentage of significant interactions (in a given subset) exceeded 

chance level (i.e., 5%) was not possible. Nevertheless, to provide a guideline to 

determine which percentage can be considered indicative of a real interaction effect 

we calculated a confidence interval around 5%.  
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experience in this period?’ The stressfulness was rated on an 11-point scale, ranging 

from 0 = not at all to 10 = very much. 

Three measures represented traumatic youth experiences before the age of 

sixteen years, as reported retrospectively by the adolescents at T4, with questions 

based on the Childhood Trauma Questionnaire (CTQ; (Bernstein & Fink, 1998)). Verbal 

abuse (verbalABUSE, α = .84) was measured by five questions ranging from screaming 

to threatening and physical abuse (physABUSE, α = .73) by six questions ranging from 

being hit to being beaten up; the occurrence of which could be rated as 1 = no, never; 

2 = yes, one or two times; 3 = sometimes; 4 = often; 5 = very often. Sexual abuse 

(sexABUSE) was based on a list of five unwanted sexual acts by an adult family member, 

friend of the family or stranger, ranging from touching to sexual intercourse, the 

occurrence of which could be rated as 1 = never happened to me, 2 = happened 

once, or 3 = happened several times. The abuse measures reflect the mean of the 

ratings.  

 

5-HTTLPR 

DNA was obtained at T3 through a manual salting out procedure using either blood 

samples or buccal swabs, as delineated in detail by (Miller, Dykes, & Polesky, 1988) 

The length polymorphisms of the serotonin transporter-linked polymorphic region 

(5-HTTLPR) were genotyped as described by Nederhof and colleagues (2010). 

The 5-HTTLPR polymorphism was modeled in an additive, dominant and 

co-dominant way, which, combined with the biallelic and triallelic approach, yielded 

six different ways to operationalize genetic risk. In the additive genetic model, the risk 

associated with the LS genotype was coded as being half the size as the risk 

associated with the SS genotype, as compared to the LL genotype (LL = 0, LS = 1, 

SS = 2). In the S dominant model, the risk associated with the of SL and SS genotype 

was modeled as being equal to each other (LL = 0, LS = 1, SS = 1). In the co-dominant 

model, the risk associated with SS and LS was estimated using separate dummies, with 

LL serving as the reference group for both (dummy 1: LL = 0, LS = 0, SS = 1; dummy 2: 

LL = 0, LS = 1, SS = 0). These three genetic models were constructed using both the 

biallelic approach and the triallelic approach. In the latter case, the L allele was 

recoded into an S allele in the presence of ag allele of SNP rs25531 (Lg = S). For an 

overview of 5-HTTLPR coding in regression models per genetic model, see Table 6.2 

on the next page. Please bear in mind that, due to the dummy coding as dictated by 

the co-dominant model, the six genetic models were in the statistical analyses tested 

by a total of eight interaction terms.  
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Table 6.2  Overview of 5-HTTLPR coding in regression models, per genetic model. 

 
 LaLa LaLg LgLg LaS LgS SS 

Biallelic coding:  LL LL LL LS LS SS 
 Additive model: 0 0 0 1 1 2 
 Dominant model: 0 0 0 1 1 1 
 Co-dominant model:       
     Dummy LS: 0 0 0 1 1 0 
     Dummy SS: 0 0 0 0 0 1 
Triallelic coding:  L’L’ L’S’ S’S’ L’S’ S’S’ S’S’ 
        
 Additive model: 0 1 2 1 2 2 
 Dominant model: 0 1 1 1 1 1 
 Co-dominant model:       
     Dummy L’S’: 0 1 0 1 0 0 
     Dummy S’S’: 0 0 1 0 1 1 

 

Analytical strategy 
We tested a total of 2160 interaction effects between 5-HTTLPR and childhood 

adversities on depressive symptoms, using ordinary least squares (for continuous 

outcomes) and logistic regression (for binary outcomes) in SPSS (version 21; IBM Corp, 

2015a). The tests were conducted in a sample comprised of both males and females 

(See Table 6.3 for an overview of all analyses; 720 regression models, sample sizes 

ranging from 779 to 1050), a male sample (720 regression models; sample sizes 341 to 

488), and a female sample (720 regression models; sample sizes ranging from 438 up 

to 562). Each analytic model included one of the childhood adversity measures, one of 

the operationalization’s of 5-HTTLPR (in case of co-dominant genetic models: two 

dummy variables), and one of the depression measures as outcome variable. We were 

primarily interested in the interaction between the childhood adversity and the 5-

HTTLPR measure.  

In order to explore our hypotheses, we calculated the percentage of significant 

findings for subsets of regression analyses, by dividing the number of statistically 

significant (p < .05) interaction effects by the total number of interaction effects 

tested, and multiplying this proportion by 100. Because the tests could be considered 

neither independent observations nor repeated observations, formal testing of the 

hypothesis that the percentage of significant interactions (in a given subset) exceeded 

chance level (i.e., 5%) was not possible. Nevertheless, to provide a guideline to 

determine which percentage can be considered indicative of a real interaction effect 

we calculated a confidence interval around 5%.  
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The number of tests in this study ranged between 144 and 1216 with an average 

of almost 400 (see Table 6.3). The tests conducted were clearly dependent, and were 

therefore considered not to reflect 400 independent repetitions, but considerably 

fewer. Given the substantial dependence among the tests (same sample, and partly 

same measures) and the fact that the number of tests performed varied widely around 

an average of 400, we chose a conservative approach and based the calculation on 

200 independent tests. In this hypothetical situation, the upper bound of the 

confidence interval would be 8% (5% ± 1.96 * √ (5 * 95) / 200). In other words, we 

considered more than 8% significant interactions a fair indication that the percentage 

exceeded the Type 1 error rate dictated by the .05 alpha, and that the interaction as 

operationalized in the particular subset may actually exist in the population. In 

addition to evaluating the percentage of significant interactions, we visually inspected 

the distribution of significant findings by means of a plot that depicted the number of 

significant finding for each of the possible interaction pathways. The absence of 

particular (non-random) patterns was regarded as random distribution of findings, 

and indicative of a significant presence of chance findings. 
 

RESULTS 

Interview versus questionnaire 
When comparing subsets of regression models that contained either interview-based 

or questionnaire-based measures, we found more significant interaction effects when 

using questionnaire-based measures (see Table 6.3). Whereas GxE interaction tests 

involving interview-based measures yielded 0.4% significant interaction effects, tests 

based on questionnaires generated 6.3% significant interactions. None of these 

percentages exceeded the preset criterion of at least 8% significant effects; the 

number of interview-based significant interactions was even below what might be 

expected on the basis of chance. 

 

Severe versus mild adversity 
Of all interaction effects containing severe childhood adversities 1.9% reached 

statistical significance. In contrast, inclusion of mild childhood adversities yielded 9.4% 

significant interactions (see Table 6.3), and therewith exceeded the preset 8%-

criterion.  

 

Early versus late adversity 
Table 6.3 further shows that 9.0% of the interaction effects involving early childhood 

adversities, and 9.7% of those involving adversities in later childhood reached 
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statistical significance, both of which were higher than what might be expected based 

on chance. Note that these two subsets both related to mild adversities, which had an 

overall significance prevalence of 9.4%.  

 

Males versus females 
While the 720 analyses run in only female participants yielded 6.1% significant 

interactions, the same analyses run in male participants yielded 12.2% (see Table 6.3). 

Only the percentage in males exceeded the preset criterion of 8%.  

 

Genetic models 
As depicted in Table 6.3, regression models with 5-HTTLPR coded either in accordance 

with the biallelic or triallelic approach, yielded 7.2% and 3.6% significant interactions, 

respectively. In addition, we found 3.9% significant interaction effects when testing 

models containing the dominant genetic model of 5-HTTLPR, whereas those 

containing the co-dominant or additive genetic models yielded respectively 5.0% and 

7.8% significance. None of these percentages were higher than the preset criterion of 

8%. 

 

Chance capitalization 
Overall, from the 2160 number of interaction effects tested, 171 were significant 

(p < .05), corresponding with a 7.9% overall significance rate. When ignoring the 

analyses regarding early versus late adversities (because these were nested within the 

subset of mild stressors), two subsets of analyses generated a percentage of 

significant interaction that exceeded the preset criterion for substantial elevation 

above chance level (8%), whereas two others yielded a percentage of significant 

interactions that was substantially below what might be expected on chance (< 2%).  

Figure 6.1 shows that predominantly parent-reported long-term difficulties (LTD), 

parent-reported overall stressfulness of the child’s life (parent0-5STRESS; parent6-11STRESS), 

and parent-reported depressive symptoms (CBCL), seem to yield the highest number 

of significant interaction effects with 5-HTTLPR. 
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statistical significance, both of which were higher than what might be expected based 

on chance. Note that these two subsets both related to mild adversities, which had an 

overall significance prevalence of 9.4%.  

 

Males versus females 
While the 720 analyses run in only female participants yielded 6.1% significant 

interactions, the same analyses run in male participants yielded 12.2% (see Table 6.3). 

Only the percentage in males exceeded the preset criterion of 8%.  

 

Genetic models 
As depicted in Table 6.3, regression models with 5-HTTLPR coded either in accordance 

with the biallelic or triallelic approach, yielded 7.2% and 3.6% significant interactions, 

respectively. In addition, we found 3.9% significant interaction effects when testing 

models containing the dominant genetic model of 5-HTTLPR, whereas those 

containing the co-dominant or additive genetic models yielded respectively 5.0% and 

7.8% significance. None of these percentages were higher than the preset criterion of 
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Chance capitalization 
Overall, from the 2160 number of interaction effects tested, 171 were significant 

(p < .05), corresponding with a 7.9% overall significance rate. When ignoring the 

analyses regarding early versus late adversities (because these were nested within the 

subset of mild stressors), two subsets of analyses generated a percentage of 

significant interaction that exceeded the preset criterion for substantial elevation 

above chance level (8%), whereas two others yielded a percentage of significant 

interactions that was substantially below what might be expected on chance (< 2%).  

Figure 6.1 shows that predominantly parent-reported long-term difficulties (LTD), 

parent-reported overall stressfulness of the child’s life (parent0-5STRESS; parent6-11STRESS), 

and parent-reported depressive symptoms (CBCL), seem to yield the highest number 

of significant interaction effects with 5-HTTLPR. 
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Figure 6.1. Number of significant interaction effects per combination of measures. 

 
 

Note. Each line represents a possible interaction pathway between the ten childhood 
adversities (labels depicted on the left) and 5-HTTLPR genetic risk (i.e., additive, 
dominant and co-dominant way, which, combined with the biallelic and triallelic 
approach, yield six different ways to operationalize genetic risk) on depressive 
symptoms measured by the nine different instruments (labels depicted on the right 
side of the figure). Grey lines represent insignificance Black lines represent the 
number of significant interaction effects (p < .05) over six different ways to 
operationalize genetic risk: the bolder the black line, the higher the number of 
significant effects for that specific combination of measures. Solid black lines 
represent significant interactions by the SS genotype; dotted black lines represent 
significant interactions by LS genotype. Partially dotted lines represent significant 
interaction(s) of S-carriers. N = 779 - 1050, dependent on the combination of 
measures (see Table 6.2). 

 

DISCUSSION 
Unraveling the genetic basis of psychiatric disorders appears to be challenging, and 

non-replications have become increasingly common in this area of research, 

particularly with regard to gene-environment interactions (GxE). Ioannidis (2005) 

postulated chance capitalization as the main contributor to inconsistencies in GxE 

research. Starting from this premise, we evaluated the plausibility of alternative 

explanations, by examining patterns of significance related to specific methodological 

choices within a single dataset. In addition to chance capitalization, we explored the 
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option that inconsistencies in GxE findings arise from differences in assessments, 

severity of the adversity, and timing of the adversity. Heterogeneity due to differences 

in the sex distribution of the sample or genetic model used was also explored. The 

database of the Dutch cohort study of adolescents TRAILS contains various different 

measures of childhood adversities and depressive symptoms in addition to genotypic 

information, and was hence suitable for exploring the often-described interaction 

between 5-HTTLPR and childhood adversities in predicting depressive symptoms. 

With regard to the quality of assessments, we expected more significant 

interaction effects in analyses involving interview-based than in analyses involving 

questionnaire-based measures, but found the opposite pattern. Questionnaire-based 

measures, although assumed to be less reliable than structured face-to-face 

interviews assessed by trained interviewers (Monroe, 2008), might thus be of less 

importance in explaining GxE heterogeneity than commonly assumed. Although, in 

our sample, questionnaire-based measures performed better than interview-based 

measures in terms of percentage of significant interactions, the number of significant 

interactions exceeded our preset 8%-criterion of what might be expected based on 

merely chance by 1.3%. This seemingly contradictory result, however, could also be 

explained by measurement properties and its associated power. That is, the high 

percentage of significance found for questionnaires was predominantly determined by 

significant findings in models based on scales (i.e. CBCL; 29 of the total 77), but also 

models based on  single-item questionnaire variables (i.e. parent- and self-reported 

ratings of the overall stressfulness; 27 of the total 77). The higher number 

of significant findings for questionnaires may thus be partly explained by the lack of 

power of the dichotomous variable. 

The significance rates in analyses that differed with respect to the severity of the 

childhood adversities were also contrary to what we expected based on prior findings, 

which suggest a higher probability of significance in case of severe adversities such as 

abuse (Caspi et al., 2010; Karg et al., 2011). Our analyses indicated the opposite: more 

significant interactions in models containing measures of mild childhood adversity 

than in those containing measures of abuse. Importantly, mild adversities were also far 

more common in TRAILS than  more severe adversities, and the larger percentage of 

significant results may reflect the actual distribution of scores. 

While it has been proposed that adversities experienced at an early age have 

more developmental impact than those experienced later in childhood (Heim & 

Binder, 2012; Homberg & van den Hove, 2012; Zalsman, 2010), the timing of the 

adversities did not affect the number of significant GxE interactions in our sample. 

This suggests that the assumed timing effects cannot explain differences among 

studies with regard to their interaction with 5-HTTLPR. 
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represent significant interactions by the SS genotype; dotted black lines represent 
significant interactions by LS genotype. Partially dotted lines represent significant 
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measures, although assumed to be less reliable than structured face-to-face 

interviews assessed by trained interviewers (Monroe, 2008), might thus be of less 

importance in explaining GxE heterogeneity than commonly assumed. Although, in 

our sample, questionnaire-based measures performed better than interview-based 

measures in terms of percentage of significant interactions, the number of significant 

interactions exceeded our preset 8%-criterion of what might be expected based on 

merely chance by 1.3%. This seemingly contradictory result, however, could also be 

explained by measurement properties and its associated power. That is, the high 

percentage of significance found for questionnaires was predominantly determined by 

significant findings in models based on scales (i.e. CBCL; 29 of the total 77), but also 

models based on  single-item questionnaire variables (i.e. parent- and self-reported 
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significant results may reflect the actual distribution of scores. 
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studies with regard to their interaction with 5-HTTLPR. 
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We found differences in significance rates as a function of sex. Although effects 

of 5-HTTLPR on serotonergic neurotransmission possibly explain differences between 

males and females (Martel, 2013), only few authors have pointed out sex-specific 

mechanisms as possible reasons for heterogeneity (Duncan & Keller, 2011; Uher & 

McGuffin, 2008, 2010). Given that significant effects were found for males in particular, 

the difference may be due to hormone-driven sex differences in brain and behavior. 

That is, although sex differences are often disregarded, in females, serotonin may be 

conditional on the presence of female estrogens such as estradiol to exert its full 

effect (Martel, 2013). The absence of female hormones before puberty could explain 

why significance rates were twice as high in males as in females, as TRAILS participants 

were approximately 11 to 19 years old. Across GxE studies, findings may thus co-vary 

by age differences across samples, at least for 5-HTTLPR, childhood adversity and 

(pre)adolescent depression.  

Finally, and again contrary to what we expected a priori, different genetic 

models yielded varying percentages of significance, and the biallelic approach seemed 

to yield more significant interactions than the triallelic approach. However, none of 

the genetic models yielded significance rates that substantially exceeded the a priori 

set criterion of 8%, so our study does not provide enough evidence to abolish the 

notion that the choice of genetic model does not influence the probability of 

significance (Martin et al., 2007; Uher & McGuffin, 2008, 2010). 

 

Methodological differences, or chance capitalization? 
As described above, we explored the consequences of a number of methodological 

differences among studies that have been proposed to explain inconsistencies in the 

field of GxE research, in this case the interaction of childhood adversities and 

5-HTTLPR with regard to depressive symptoms. The alternative hypothesis postulated 

chance capitalization to explain heterogeneity in findings (Ioannidis, 2005). In order to 

abandon the idea of chance capitalization as important contributor to the lack of 

consistent findings, the percentage of significance findings should be clearly higher 

than what would be expected on the basis of chance (about 8% in the present study) 

in at least some analyses. Interestingly, the overall percentage of significant 

interactions of 7.9% came close to the predefined threshold for an elevated 

significance rate of 8%. Still, it did not exceed this threshold, which makes it plausible 

that at least part of the heterogeneity in gene-environment interactions results from 

overpublication of false positive findings. The 8% criterion used is somewhat arbitrary 

but comparable to commonly used criteria to denote, for example, a ‘large’ or 

‘clinically relevant’ effect. If we had based the calculations on 400 tests instead of 200, 
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the criterion for considering a percentage clearly exceeding 5% would have been 7.1%  

and the conclusion on the likely presence of a gene by environment interaction would 

have been affirmative. The findings should therefore be interpreted with caution. 

In some analyses, the percentage of significant interactions exceeded the 

threshold of 8%, but in others the significance rate found was lower than 5%. In other 

words, the percentages were somewhat randomly distributed around chance level. 

Moreover, the characteristics of the analyses that yielded relatively high significance 

rates did not correspond to what was expected in advance, which further support the 

idea of random fluctuations.  

In line with earlier findings (Fergusson et al., 2011), our results suggest that at 

least part of the heterogeneity in gene-environment interactions reported is due to 

overpublication of false positive findings. Nonetheless, differences in sampling and 

measurement error may represent alternative explanations for the observed variability 

of results in the GxE literature, and our observation is too tentative to determine 

whether inconsistencies in the field of GxE research are explained by methodological 

differences or chance capitalization. 

 

STRENGTHS AND LIMITATIONS 
Our study has various strengths. First and foremost, we are among the first to provide 

a transparent overview of the many possible ways to operationalize a specific gene-

environment interaction within a single cohort study and to actually test all these 

interactions in order to explore ways to deal with scientific threats like multiple testing 

and selective reporting. Beyond qualifying multiple testing as a mere methodological 

issue that can lead to chance capitalization, we illustrate the potential benefits of 

multiple tests in understanding ambivalence in the psychiatric genetics literature. A 

second strength is that our interaction tests were each based on a relatively large 

number of individuals, offering reasonable power and accuracy – at least for the total 

sample. That is, while part of the gender-specific regression analyses may have been 

underpowered because some outcome variables were dichotomous and main effects 

sizes for G and E depend on the variables used, the analyses using the total sample 

were sufficiently powered. 

The study is also limited in a number of respects. First, we illustrated the 

possible role of chance capitalization by using 5-HTTLPR. Although threats like 

multiple testing and selective reporting are likely equal within GxE research, the extent 

to which chance capitalization contributes to equivocal evidence may differ across 

genotypes. Second, we relied on a fairly large number of questionnaire-based 

measures and only few interview-based measures. Moreover, of the three interview-
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based measures, CIDI and CE may be less powered than continuous questionnaire-

based measures. Therefore, replication of these findings in studies with other and 

preferably more (continuous) interview-based measures is needed. 

 

CONCLUSION AND FUTURE PROSPECTS 
Taken together, our results demonstrate the need for caution in interpreting findings 

from datasets with comparable measures of the same construct. Obvious career 

benefits of reporting significant findings over null findings and easy access to 

comparable measures within one dataset may lead to over publication of false 

positive findings. Hence, it is likely that chance capitalization explains at least partly 

the large number of inconsistencies in GxE research. 

Large cohort studies could play a major role in paving ways towards more 

consistent GxE findings in future research. The availability of multiple 

operationalizations of single factors, now often disregarded or even suspected as 

source of selective reporting, could be turned into a major advantage if researchers 

reported all options tried, rather than a biased selection. This way, we can move 

beyond the statement that “most research findings are false”, towards a novel 

approach: critically discussing the range of available measures within each study to 

evaluate the plausibility of findings, given the likelihood of chance capitalization. 
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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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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 
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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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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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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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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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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 

General discussion | 141 
  

         
 

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 
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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 
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ESM-studies, as Cohen (1994) once said: “For generalization, psychologists must 
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Different from what is typically found in laboratory studies on depression and 
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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. 

General discussion | 145 
  

         
 

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. 
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Anhedonie, ofwel verlies van plezier, komt bij veel verschillende psychische

aandoeningen voor en is één van de twee kernsymptomen van een depressieve

stoornis. Uit eenmalige vragenlijsten, hersenonderzoek of laboratoriumtaken blijkt dat

anhedonie vaak samenhangt met een verminderd beloninggerelateerd functioneren.

Het is echter vrijwel onbekend hoe deze veranderingen zich in het dagelijks leven

ontvouwen.

Dit proefschrift werpt voor het eerst licht op anhedonie van moment tot 

moment. In deel I van het proefschrift is gekeken of mensen met en zonder

anhedonie verschilden in hun vermogen om plezier na te streven, plezier te ervaren

en/of te leren op basis van plezierervaringen. Deel II van dit proefschrift is gewijd aan 

de reproduceerbaarheid van onderzoeksresultaten. Hieronder volgt per deel een korte

introductie op het onderwerp, gevolgd door een samenvatting van de resultaten.

Deel I: anhedonie en een veranderde beloningsfunctie

Anhedonie wordt gedefinieerd als "een verminderd vermogen om plezier na te

streven, plezier te ervaren en/of om te leren over plezier". Een plezierervaring kan

worden onderverdeeld in verschillende fasen; een appetitieve fase, een consumptieve 

fase en een verzadigingsfase. Zo kan men verlangen naar chocolade, chips of ander

appetijtelijk voedsel (appetitieve fase) en genieten van het consumeren van dat

voedsel (consumptieve fase) en wordt daarmee het verlangen naar dat voedsel gestild 

(verzadigingsfase). Hierbij moet worden opgemerkt dat een plezierervaring hoeft niet

de hele cyclus te doorlopen en iedere fase kan op zichzelf plezierig zijn; men kan 

bijvoorbeeld van iets genieten zonder ernaar verlangd hebben, of andersom. Ook kan

in iedere fase een leerproces tot stand komen, waarbij men leert welke activiteit het

nastreven waard kan zijn. De laatste decennia is anhedonie herhaaldelijk in verband

gebracht met veranderingen in de appetitieve en consumptieve fase van plezier en de

daaraan gerelateerde leerprocessen.

De hierboven beschreven definitie van anhedonie is gebaseerd op studies die

gebruik maakten van eenmalige vragenlijsten, hersenonderzoek of laboratoriumtaken,

met andere woorden, studies met een nomothetische benadering. Nomothetisch 

onderzoek heeft als doel om wetten of universele principes af te leiden (macroniveau),

vaak door een momentopname van een variabele in grote groepen mensen te

bestuderen. Idiografisch onderzoek daarentegen richt zich op het individu en op

dynamische veranderingen van moment tot moment (microniveau), bijvoorbeeld door

het bestuderen van stemming op een groot aantal achtereenvolgende momenten

binnen één persoon. Om toch universele principes uit idiografische studies te kunnen

afleiden, worden de patronen in achtereenvolgende momenten van meerdere

personen vergeleken.
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De idiografische benadering heeft diverse voordelen ten opzichte van de meer 

traditionele nomothetische benadering. Zo verhoogt het afnemen van vragenlijsten in 

het moment (in plaats van achteraf) de nauwkeurigheid en minimaliseert het de 

vertekening van het gerapporteerde. Daarnaast kan de idiografische benadering een 

uniek inkijkje geven in de dynamiek van processen en de wisselwerking met de 

omgeving. In tegenstelling tot het bestuderen van stemming en gedrag in het 

laboratorium, waarbij omgevingsinvloeden zoveel mogelijk buitengesloten worden, 

kunnen door middel van een idiografische benadering stemming en gedrag worden 

bestudeerd in de natuurlijke omgeving waarin deze zich ontvouwen; het dagelijkse 

leven. 

Anhedonie en een veranderde beloningsfunctie op microniveau 

Via hun smartphone kregen 138 jongvolwassenen, 69 met en 69 zonder anhedonie, 

een maand lang driemaal daags een korte vragenlijst voorgeschoteld. Ze werden 

gevraagd naar hun activiteiten, gevoelens en de omgeving waarin ze zich bevonden. 

Met deze gegevens onderzochten we verschillen in plezierbeleving in het dagelijks 

leven van mensen met en zonder anhedonie. 

In hoofdstuk 2 onderzochten we de samenhang tussen motivatie en positieve 

emoties over de tijd. Mensen met anhedonie bleken zich gemiddeld genomen minder 

gemotiveerd te voelen dan mensen zonder anhedonie. Daarnaast bleek ook dat in 

mensen met anhedonie het ervaren van weinig plezier de motivatie verminderde. We 

vonden ook aanwijzingen, maar minder sterk, voor een omgekeerd effect: de mate 

van motivatie beïnvloedde de mate van plezier. Samen suggereren deze bevindingen 

dat mensen met anhedonie in een negatieve spiraal terecht kunnen komen, waarbij 

minder plezier leidt tot een verminderde motivatie en andersom. 

In hoofdstuk 3 onderzochten we het vermogen van mensen met anhedonie om 

plezier en andere positieve emoties te ervaren. We vergeleken mensen met en zonder 

anhedonie op drie aspecten van plezierbeleving: 1) hoe plezierig ze positieve 

gebeurtenissen vonden; 2) in hoeverre die gebeurtenis hun stemming positief 

beïnvloedde; en 3) hoe stabiel de positieve stemming was. Mensen met anhedonie 

bleken positieve gebeurtenissen gemiddeld als iets minder plezierig te ervaren dan 

mensen zonder anhedonie. Als reactie op een plezierige gebeurtenis lieten zij echter 

eenzelfde stijging van positieve emoties zien. Met betrekking tot het zich enthousiast 

of energiek voelen lieten mensen met anhedonie zelfs een sterkere stijging zien dan 

mensen zonder anhedonie. De stabiliteit van de positieve emoties was bij mensen met 

anhedonie relatief laag: zij fluctueerden meer. Deze bevindingen wijzen erop dat 

mensen met anhedonie best in staat zijn om positieve emoties te ervaren. Zij zijn 

echter minder goed in staat die positieve emoties vast te houden.  
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In hoofdstuk 4 onderzochten in hoeverre mensen met anhedonie in staat waren

om te leren van plezierige en onplezierige activiteiten. We vonden één leereffect: wie

negatieve emoties ervoer in het gezelschap van vrienden, bracht de volgende dag

minder tijd met vrienden door. We vermoeden dat meer leereffecten geobserveerd

kunnen worden in een idiografische studie met meer metingen dan wij hadden,

bijvoorbeeld vijf per dag.

Samengevat vonden we verschillen tussen mensen met en zonder anhedonie in

sommige, maar niet alle, aspecten van beloninggerelateerd functioneren. Veel van 

onze bevindingen waren in overeenstemming met eerdere onderzoeksresultaten op

basis van traditionelere onderzoeksmethoden (de eenmalige vragenlijsten,

hersenonderzoek en laboratoriumtaken). Bijvoorbeeld, we vonden dat mensen met 

anhedonie zich gemiddeld minder gemotiveerd voelden en minder positieve emoties 

ervoeren. Daarnaast vonden we echter ook verschillen in de dynamiek van 

plezierbeleving die met de traditionele onderzoeksmethoden nooit belicht hadden

kunnen worden. De meest interessante nieuwe aangrijpingspunten voor toekomstig

onderzoek en/of behandeling van anhedonie zijn dat a) mensen met anhedonie

minder afgevlakt lijken te zijn in hun positieve emoties dan tot nog toe werd gedacht

en b) mensen met anhedonie mogelijk gevangen zitten in een negatieve spiraal van

weinig plezier en weinig motivatie. Bovenal toont dit proefschrift aan dat de

idiografische benadering een veelbelovende benadering is om anhedonie beter te

begrijpen. 

Deel II: reproduceerbaarheid van onderzoeksresultaten

Met de term ‘’reproduceerbaarheid’’ wordt vaak gedoeld op de herhaalbaarheid,

betrouwbaarheid, generaliseerbaarheid en robuustheid van onderzoek. Door middel

van kritisch wetenschappelijk onderzoek bouwt kennis op cumulatieve wijze op,

waarbij elke nieuwe bevinding een bouwsteen is voor de volgende. Ideaal gezien 

bestaat een nieuwe studie uit een consistente replicatie van wat reeds bekend is en

een uitbreiding daarvan door iets nieuws te verkennen. In werkelijkheid zijn

wetenschappelijke bevindingen echter vaak niet consistent of zelfs tegenstrijdig met

elkaar. Deel II van dit proefschrift richt zich vooral op twee aspecten van de

reproduceerbaarheid van studiebevindingen: herhaalbaarheid en robuustheid.
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echter minder goed in staat die positieve emoties vast te houden.  
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In hoofdstuk 4 onderzochten in hoeverre mensen met anhedonie in staat waren 
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anhedonie zich gemiddeld minder gemotiveerd voelden en minder positieve emoties 

ervoeren. Daarnaast vonden we echter ook verschillen in de dynamiek van 

plezierbeleving die met de traditionele onderzoeksmethoden nooit belicht hadden 

kunnen worden. De meest interessante nieuwe aangrijpingspunten voor toekomstig 

onderzoek en/of behandeling van anhedonie zijn dat a) mensen met anhedonie 

minder afgevlakt lijken te zijn in hun positieve emoties dan tot nog toe werd gedacht 

en b) mensen met anhedonie mogelijk gevangen zitten in een negatieve spiraal van 

weinig plezier en weinig motivatie. Bovenal toont dit proefschrift aan dat de 

idiografische benadering een veelbelovende benadering is om anhedonie beter te 

begrijpen. 

 

Deel II: reproduceerbaarheid van onderzoeksresultaten 

Met de term ‘’reproduceerbaarheid’’ wordt vaak gedoeld op de herhaalbaarheid, 

betrouwbaarheid, generaliseerbaarheid en robuustheid van onderzoek. Door middel 

van kritisch wetenschappelijk onderzoek bouwt kennis op cumulatieve wijze op, 

waarbij elke nieuwe bevinding een bouwsteen is voor de volgende. Ideaal gezien 

bestaat een nieuwe studie uit een consistente replicatie van wat reeds bekend is en 

een uitbreiding daarvan door iets nieuws te verkennen. In werkelijkheid zijn 

wetenschappelijke bevindingen echter vaak niet consistent of zelfs tegenstrijdig met 

elkaar. Deel II van dit proefschrift richt zich vooral op twee aspecten van de 

reproduceerbaarheid van studiebevindingen: herhaalbaarheid en robuustheid. 
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Herhaalbaarheid en robuustheid 

Voor het tweede deel van dit proefschrift maakten we gebruik van de TRAcking 

Adolescents' Individual Lives Survey (TRAILS). TRAILS is een multidisciplinaire studie 

naar de psychologische, sociale en lichamelijke ontwikkeling van adolescenten. Dit 

onderzoek volgt ongeveer 2700 adolescenten van hun 10e tot tenminste hun 25e 

levensjaar. 

In hoofdstuk 5 gebruikten we gegevens van twee laboratoriumtaken, 

afgenomen onder 176 adolescenten toen zij respectievelijk 16 en 19 jaar waren. Van 

deze twee laboratoriumtaken, de Iowa Gambling Task (IGT) en de Bangor Gambling 

Task (BGT), wordt aangenomen dat zij verandering in beloninggerelateerd 

functioneren kunnen meten. Omdat het in deze taak essentieel is dat deelnemers 

vooraf niet precies weten waar je voor beloond wordt, is het onmogelijk om de IGT 

binnen personen te herhaaldelijk af te nemen. We onderzochten daarom de 

geschiktheid van de BGT als een test-hertest alternatief van de bekendere IGT. De 

leerpatronen gedurende beide taken waren visueel vergelijkbaar, maar de eindscores 

van taken correleerden niet met elkaar. Op basis hiervan concludeerden wij dat de 

BGT een nuttig instrument zou kunnen zijn voor klinische neuropsychologen, maar 

dat het minder geschikt is om veranderingen in beloninggerelateerd functioneren te 

meten binnen adolescenten en/of over een tijdsbestek van drie jaar. 

In hoofdstuk 6 werd nagegaan of een transparante aanpak van veelvuldig 

toetsen van één hypothese op verschillende manieren binnen een dataset wellicht tot 

nieuwe inzichten kan leiden. Deze aanpak werd geïllustreerd aan de hand van een 

hypothese die heeft geleid tot veel inconsistente bevindingen: na het meemaken van 

een stressvolle gebeurtenis hebben mensen met een korte variant van het 

polymorfisme in de promotorregio van het serotoninetransporteiwitgen (5-HTTLPR) 

een grotere kans op het ontwikkelen van een depressie dan de mensen met een 

langere variant van dit polymorfisme. Sommige studies vonden een significant effect 

van deze gen-omgeving interactie, andere niet. De inconsistenties werden veelal 

verklaard door methodologische verschillen tussen studies, bijvoorbeeld het type 

vragenlijst dat was gebruikt. Een minder genoemde verklaring voor de inconsistente 

bevindingen is die van kanskapitalisatie. Kanskapitalisatie treedt op wanneer een 

onderzoeker heel vaak een vergelijkbare statistische toets uitvoert, terwijl hij/zij bij het 

trekken van conclusies doet alsof er maar één statistische toets is uitgevoerd. 

Naarmate een onderzoeker meer toetsen uitvoert, neemt de kans op ‘fout-positieven’ 

enorm toe. Een fout-positieve bevinding is een bevinding die onterecht (fout) als 

“significant” (positief) uit de bus komt. Tegenwoordig hebben steeds meer 

onderzoekers toegang tot steeds grotere datasets. Deze datasets stellen onderzoekers 

vaak in staat om op meerdere manieren dezelfde hypothese te toetsen. De 
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inconsistente onderzoeksresultaten zouden dus ook door een 

oververtegenwoordiging van fout-positieve bevindingen als gevolg van 

kanskapitalisatie kunnen komen. Om de rol van kanskapitalisatie nader te 

onderzoeken werd de bovengenoemde hypothese op alle mogelijke varianten binnen 

de TRAILS dataset getoetst, in totaal 2160 keer. Vervolgens werden proporties 

berekend van het aantal significante resultaten (p<.05) ten opzichte van het aantal 

uitgevoerde toetsen. De proportie significante bevindingen werd berekend over alle 

2160 toetsen, maar ook binnen subgroepen van toetsen die methodologisch 

verschilden, bijvoorbeeld met betrekking tot het type vragenlijst dat was gebruikt. We 

concludeerden dat methodologische verschillen tussen studies een waarschijnlijke 

reden zijn voor de inconsistenties in bevindingen - maar dat kanskapitalisatie een 

minstens even plausibele verklaring is. 
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Anhedonie, Freudlosigkeit, kommt bei vielen verschiedenen psychischen Störungen

vor und ist eines der beiden Kernsymptome einer depressiven Störung. Einmalige

Umfragen, Hirnforschung oder Labortests zeigen, dass Anhedonie oft mit einer

reduzierten Belohnungsfunktion verbunden ist. Es ist jedoch kaum bekannt, wie sich

diese Änderungen von Moment zu Moment im täglichen Leben entfalten.

Diese Doktorarbeit beleuchtet für das ersten Mal Anhedonie von Moment zu 

Moment. In Teil I der Dissertation wurde untersucht, ob sich Menschen mit und ohne 

Anhedonie in ihrer Fähigkeit unterschieden, Freude anzustreben, Freude zu erfahren

und/oder auf der Grundlage der Empfindung von Freude zu lernen. Teil II dieser

Dissertation widmet sich der Reproduzierbarkeit von Forschungsergebnissen. Im

Folgenden finden Sie eine kurze Einführung in das Thema, gefolgt von einer

Zusammenfassung der Ergebnisse.

Teil I: Anhedonie und eine geänderte Belohnungsfunktion 

Anhedonie ist definiert als "eine reduzierte Fähigkeit, Freude zu verfolgen, Freude zu

erfahren und/oder mittels Freude zu Lernen". Eine Erfahrung von Freude kann in 

verschiedene Phasen unterteilt werden: eine appetitive Phase, eine konsumierende

Phase und eine Sättigungsphase. So kann man nach Schokolade, Pommes frites oder

anderen appetitlichen Lebensmitteln verlangen (appetitanregende Phase) und den

Konsum dieser Lebensmittel geniessen (Konsumphase), um so das Verlangen nach

diesen Lebensmitteln zu stillen (Sättigungsphase). Es sollte angemerkt werden, dass

eine Erfahrung von Freude nicht den gesamten Zyklus durchlaufen muss und jede

Phase an sich angenehm sein kann, zum Beispiel kann man etwas genießen ohne

danach verlangt zu haben, oder umgekehrt. In jeder Phase kann auch ein Lernprozess

zustandekommen, in dem man lernt, dass die Aktivität die Verfolgung wert sein kann.

In den letzten Jahrzehnten wurde Anhedonie immer wieder mit Veränderungen in der

appetitiven und konsumierenden Phase des Vergnügens und den damit verbundenen

Lernprozessen in Beziehung gebracht.

Die obige Definition von Anhedonie basiert auf Studien, bei denen einmalige 

Umfragen, Hirnforschung oder Laborteste verwendet wurden, mit anderen Worten,

Studien mit einem nomothetischen Ansatz. Die nomothetische Forschung zielt darauf

ab, Gesetze oder universelle Prinzipien (Makroebene) abzuleiten, indem oft eine 

Momentaufnahme einer Variablen in großen Gruppen von Menschen untersucht wird.

Die idiographische Forschung dagegen konzentriert sich auf das Individuum und auf 

dynamische Veränderungen von einem Moment zum anderen (Mikron-Ebene), zum

Beispiel durch das Studium der Stimmung in einer großen Anzahl von

aufeinanderfolgenden Momenten innerhalb einer Person. Um aus idiographischen 

14970 - Heininga_BNW.indd   182 01-11-17   16:46



Zämefassig uf Schwiizerdütsch | 183 

Anhedonie, Freudlosigkeit, kommt bei vielen verschiedenen psychischen Störungen 

vor und ist eines der beiden Kernsymptome einer depressiven Störung. Einmalige 

Umfragen, Hirnforschung oder Labortests zeigen, dass Anhedonie oft mit einer 

reduzierten Belohnungsfunktion verbunden ist. Es ist jedoch kaum bekannt, wie sich 

diese Änderungen von Moment zu Moment im täglichen Leben entfalten. 

Diese Doktorarbeit beleuchtet für das erste Mal Anhedonie von Moment zu 

Moment. In Teil I der Dissertation wurde untersucht, ob sich Menschen mit und ohne 

Anhedonie in ihrer Fähigkeit unterschieden, Freude anzustreben, Freude zu erfahren 

und/oder auf der Grundlage der Empfindung von Freude zu lernen. Teil II dieser 

Dissertation widmet sich der Reproduzierbarkeit von Forschungsergebnissen. Im 

Folgenden finden Sie eine kurze Einführung in das Thema, gefolgt von einer 

Zusammenfassung der Ergebnisse. 

Teil I: Anhedonie und eine geänderte Belohnungsfunktion 

Anhedonie ist definiert als "eine reduzierte Fähigkeit, Freude zu verfolgen, Freude zu 

erfahren und/oder mittels Freude zu Lernen". Eine Erfahrung von Freude kann in 

verschiedene Phasen unterteilt werden: eine appetitive Phase, eine konsumierende 

Phase und eine Sättigungsphase. So kann man nach Schokolade, Pommes frites oder 

anderen appetitlichen Lebensmitteln verlangen (appetitanregende Phase) und den 

Konsum dieser Lebensmittel geniessen (Konsumphase), um so das Verlangen nach 

diesen Lebensmitteln zu stillen (Sättigungsphase). Es sollte angemerkt werden, dass 

eine Erfahrung von Freude nicht den gesamten Zyklus durchlaufen muss und jede 

Phase an sich angenehm sein kann, zum Beispiel kann man etwas genießen ohne 

danach verlangt zu haben, oder umgekehrt. In jeder Phase kann auch ein Lernprozess 

zustandekommen, in dem man lernt, dass die Aktivität die Verfolgung wert sein kann. 

In den letzten Jahrzehnten wurde Anhedonie immer wieder mit Veränderungen in der 

appetitiven und konsumierenden Phase des Vergnügens und den damit verbundenen 

Lernprozessen in Beziehung gebracht. 

Die obige Definition von Anhedonie basiert auf Studien, bei denen einmalige 

Umfragen, Hirnforschung oder Laborteste verwendet wurden, mit anderen Worten, 

Studien mit einem nomothetischen Ansatz. Die nomothetische Forschung zielt darauf 

ab, Gesetze oder universelle Prinzipien (Makroebene) abzuleiten, indem oft eine 

Momentaufnahme einer Variablen in großen Gruppen von Menschen untersucht wird. 

Die idiographische Forschung dagegen konzentriert sich auf das Individuum und auf 

dynamische Veränderungen von einem Moment zum anderen (Mikron-Ebene), zum 

Beispiel durch das Studium der Stimmung in einer großen Anzahl von 

aufeinanderfolgenden Momenten innerhalb einer Person. Um aus idiographischen 

14970 - Heininga_BNW.indd   183 01-11-17   16:46



184 | Zämefassig uf Schwiizerdütsch  
 

 

 

Studien doch universelle Prinzipien abzuleiten, werden Muster von 

aufeinanderfolgenden Momenten zwischen mehreren Personen verglichen. 

Der idiographische Ansatz hat gegenüber dem traditionelleren nomothetischen 

Ansatz mehrere Vorteile. Zum Beispiel erhöht das sofortige Ausfüllen von Fragebögen 

(anstatt danach) die Genauigkeit und minimalisiert die Verzerrung des Beschriebenen. 

Darüber hinaus kann der idiographische Ansatz einen einzigartigen Einblick in die 

Dynamik von Prozessen und die Interaktion mit der Umgebung geben. Im Gegensatz 

zur Untersuchung von Stimmung und Verhalten im Labor, wo Umwelteinflüsse so weit 

wie möglich ausgeschlossen sind, können Stimmung und Verhalten durch einen 

idiographischen Ansatz in der natürlichen Umgebung untersucht werden, in der sie 

sich entfalten: im täglichen Leben. 

 

Anhedonie und eine geänderte Belohnungsfunktion auf Mikron-Ebene 

Über ihr Smartphone wurden 138 jungen Erwachsenen, 69 mit und 69 ohne 

Anhedonie, einen Monat lang dreimal pro Tag ein Fragebogen vorgelegt. Durch eine 

strukturierte Tagebuchtechnik wurden sie nach ihren Aktivitäten, Gefühlen und der 

Umgebung gefragt, in der sie sich befanden. Mit diesen Daten untersuchten wir 

Unterschiede in belohnungsbezogenen Funktionen im täglichen Leben von Menschen 

mit und ohne Anhedonie. 

In Kapitel 2 haben wir den Zusammenhang zwischen Motivation und positiven 

Emotionen im Laufe der Zeit untersucht. Im Durchschnitt fühlten sich Menschen mit 

Anhedonie weniger motiviert als Menschen ohne Anhedonie. Darüber hinaus zeigte 

sich auch, dass bei Menschen mit Anhedonie die Erfahrung von wenig Freude die 

Motivation minderte. Wir fanden auch Hinweise, aber weniger stark, für einen 

umgekehrten Effekt: Der Grad der Motivation beeinflusste den Grad der Freude. 

Gemeinsam suggerieren diese Ergebnisse, dass Menschen mit Anhedonie in eine 

negative Spirale geraten können, wobei weniger Spaß die Motivation reduziert und 

umgekehrt. 

In Kapitel 3 untersuchten wir die Fähigkeit von Menschen mit Anhedonie, Freude 

und andere positive Emotionen zu erleben. Wir haben Menschen mit und ohne 

Anhedonie mit drei Aspekten der Lusterfahrung verglichen: 1) wie erfreulich sie 

positive Ereignisse fanden, 2) inwieweit das Ereignis ihre Stimmung positiv beeinflusst 

hat und 3) wie stabil die positive Stimmung war. Menschen mit Anhedonie schienen 

im Durchschnitt positive Erfahrungen als weniger erfreulich zu erleben als Menschen 

ohne Anhedonie. Als Reaktion auf ein erfreuliches Ereignis zeigten sie jedoch einen 

ähnlichen Anstieg der positiven Emotionen. In Bezug auf Begeisterung oder Energie 

zeigten Menschen mit Anhedonie sogar einen stärkeren Anstieg als Menschen ohne 

Anhedonie. Die Stabilität positiver Emotionen war bei Menschen mit Anhedonie relativ 
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gering: Sie schwankten mehr. Diese Ergebnisse deuten darauf hin, dass Menschen mit 

Anhedonie durchaus positive Emotionen erleben können, aber dass sie eine 

verminderte Fähigkeit haben, diese positiven Emotionen zu behalten. 

In Kapitel 4 untersuchten wir die Fähigkeit von Menschen mit Anhedonie, aus 

angenehmen und unangenehmen Aktivitäten zu lernen. Wir haben einen Lerneffekt 

gefunden: wer negative Emotionen in Gesellschaft von Freunden erlebte, verbrachte 

am nächsten Tag weniger Zeit mit Freunden. Wir vermuten, dass mehr Lerneffekte in 

einer idiographischen Studie beobachtet werden können, wenn mehr Messungen 

durchgeführt werden, zum Beispiel fünf pro Tag. 

Zusammenfassend fanden wir Unterschiede zwischen Menschen mit und ohne 

Anhedonie in einigen, aber nicht allen Aspekten der Belohnungsfunktion. Viele 

unserer Erkenntnisse über die Fähigkeit, Freude anzustreben und die Fähigkeit, Freude 

zu erfahren, stimmten mit bisherigen Forschungsergebnissen überein, die auf 

traditionellen Forschungsmethoden beruhten. Zum Beispiel fühlten sich Menschen mit 

Anhedonie im Durchschnitt weniger motiviert und fühlten weniger positive 

Emotionen. Darüber hinaus fanden wir aber auch Unterschiede in der Dynamik des 

Vergnügungserlebnisses, die niemals traditionellen Methoden der Forschung 

ausgesetzt gewesen wären. Die interessantesten neuen Ansätze für die zukünftige 

Forschung und/oder Behandlung von Anhedonie, sind, dass a) Menschen mit 

Anhedonie in ihren positiven Emotionen weniger abgeflacht scheinen als bisher 

angenommen und b) Menschen mit Anhedonie möglicherweise in einer negativen 

Spirale von wenig Spaß und wenig Motivation gefangen sind. Vor allem zeigt diese 

Doktorarbeit, dass der idiographische Ansatz ein vielversprechender Ansatz ist, um 

Anhedonie besser zu verstehen. 

 

Teil II: Reproduzierbarkeit von Forschungsergebnissen 

Der Ausdruck "Reproduzierbarkeit" bezieht sich oft auf Wiederholbarkeit, 

Zuverlässigkeit, Verallgemeinerbarkeit und Solidität der Forschung. Durch kritische 

wissenschaftliche Forschung wird Wissen auf kumulative Weise aufgebaut, wobei 

jedes neue Ergebnis ein Baustein für das folgende ist. Idealerweise besteht eine neue 

Studie aus einer konsistenten Replikation von bereits Bekanntem und einer 

Erweiterung davon durch die Erforschung von etwas Neuem. In der Realität sind 

jedoch wissenschaftliche Erkenntnisse oft nicht konsistent oder sogar widersprüchlich. 

Teil II dieser Dissertation konzentriert sich auf zwei Aspekte der Reproduzierbarkeit 

von Studienergebnissen: Wiederholbarkeit und Solidität. 
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gering: Sie schwankten mehr. Diese Ergebnisse deuten darauf hin, dass Menschen mit 
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gefunden: wer negative Emotionen in Gesellschaft von Freunden erlebte, verbrachte 
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Teil II dieser Dissertation konzentriert sich auf zwei Aspekte der Reproduzierbarkeit 

von Studienergebnissen: Wiederholbarkeit und Solidität. 
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Wiederholbarkeit und Solidität 

Für den zweiten Teil dieser Arbeit verwendeten wir TRAcking Adolescents' Individual 

Lives Survey (TRAILS). TRAILS ist eine multidisziplinäre Studie zur psychologischen, 

sozialen und körperlichen Entwicklung von Jugendlichen. Diese Umfrage folgt 

ungefähr 2700 Jugendlichen vom 10. bis zum 25. Lebensjahr. 

In Kapitel 5 haben wir Daten aus zwei Labortesten verwendet, die von 176 

Jugendlichen im Alter von 16 beziehungsweise 19 Jahren stammten. Von diesen 

beiden Labortesten, der Iowa Gambling Task (IGT) und der Bangor Gambling Task 

(BGT), wird angenommen, dass sie eine Änderung der Belohnungsfunktion messen 

kann. Weil es bei dieser Aufgabe wichtig ist, dass die Teilnehmer im Voraus nicht 

genau wissen, wofür sie belohnt werden, ist es unmöglich, den IGT bei Menschen zu 

wiederholen. Wir haben deshalb die Bewährungsprobe des BGT als Test-Retest-

Alternative zu dem bekannteren IGT untersucht. Die Lernmuster der beiden Labortests 

waren visuell ähnlich, aber die Endergebnisse beider Aufgaben korrelierten nicht. Auf 

dieser Grundlage gelangten wir zu dem Schluss, dass der BGT ein nützliches 

Werkzeug für klinische Neuropsychologen sein könnte, aber weniger geeignet ist, um 

Änderungen der Belohnungsfunktion bei Jugendlichen und/oder über einen Zeitraum 

von drei Jahren zu messen. 

In Kapitel 6 untersuchten wir, ob ein transparenter Ansatz zum mehrfachen 

Testen einer Hypothese innerhalb eines Datensatzes zu neuen Erkenntnissen führen 

kann. Dieser Ansatz wurde von einer Hypothese dargestellt, die zu vielen 

inkonsistenten Ergebnissen geführt hat: nach einer stressvollen Veranstaltung haben 

Menschen mit einer kurzen Version des Polymorphismus in der Promotorregion des 

Serotonintransport-Eiweißgens (5-HTTLPR) eine größere Chance, eine Depression zu 

entwickeln als die Menschen mit einer längeren Variante dieses Polymorphismus. 

Einige Studien erfuhren einen signifikanten Effekt dieser Gen-Umwelt-Interaktion, 

andere nicht. Die Inkonsistenzen wurden oft durch methodische Unterschiede 

zwischen Studien erklärt, zum Beispiel in der Art des Fragebogens, der verwendet 

wurde. Eine seltener erwähnte Erklärung für die inkonsistenten Forschungsergebnisse 

ist Chancenkapitalisierung. Die Chancenkapitalisierung tritt auf, wenn ein Forscher 

sehr häufig einen vergleichbaren statistischen Test durchführt, während er 

Schlussfolgerungen zieht, als ob nur ein statistischer Test durchgeführt wurde. Wenn 

ein Forscher mehrere Tests durchführt, nimmt das Risiko von "Fehler-Positiven" stark 

zu. Ein fehler-positiver Befund ist ein Befund, der falsch als "signifikant" (positiv) ist. 

Heutzutage haben immer mehr Forscher Zugang zu immer größeren Datensätzen. 

Diese Datensätze ermöglichen es den Forschern oft, die gleiche Hypothese auf 

verschiedene Weise zu testen. Die inkonsistenten Forschungsergebnisse könnten 

daher auch aus ein Überrepräsentation von Fehler-Positiven sein die aus  
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Chancenkapitalisierung resultierten. Um die Rolle von Chancenkapitalisierung weiter 

zu untersuchen, wurde die obige Hypothese auf allen möglichen Varianten innerhalb 

der TRAILS Datensatz getestet, insgesamt 2160-mal. Anschließend wurden die 

Proportionen aus der Anzahl der signifikanten Ergebnisse (p<.05) in Bezug auf die 

Anzahl der durchgeführten Tests berechnet. Der Anteil der signifikanten 

Feststellungen wurde für alle 2160 Tests berechnet, sondern auch innerhalb der 

Untergruppen von Tests, die methodisch unterschiedlich waren, zum Beispiel in der 

Art des Fragebogens, der verwendet wurde. Wir kamen zu dem Schluss, dass 

methodische Unterschiede zwischen den Studien ein wahrscheinlicher Grund für die 

inkonsistenten Forschungsergebnisse sind - aber dass Chancenkapitalisierung eine 

ebenso plausible Erklärung ist. 
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