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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). 
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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. 

 General introduction | 17  

         
 

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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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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Anhedonia and the ability to pursue reward 
 

Reciprocal associations between pleasure and motivation in daily life: 

Network analyses in anhedonic individuals and healthy controls. 
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