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Summary 

The sense of agency describes the subjective experience of controlling our actions and 

their effects on the environment, constituting a core facet of the human self. By distinguishing 

between events within and outside our control, it supports goal-directed behavior, enabling 

us to pursue desirable outcomes and avoid negative ones. While previous research has 

emphasized sensory and cognitive determinants, relatively little work has examined the sense 

of agency in the context of goal-directed behavior, where actions are fundamentally related 

to the processing of affective information. This doctoral thesis addressed this gap, using 

behavioral and neurophysiological methods to investigate the interplay between the sense of 

agency and affective processes during goal-directed action. Across three studies, it examined 

how agency shapes the processing of affective information and how, in turn, outcome value 

influences the experience of agency. 

In Study 1 (Chapter 2.1), electroencephalography revealed that choice autonomy 

enhances midfrontal low-frequency oscillations in response to both positive and negative 

instrumental feedback, indicating a valence-independent boost in outcome processing under 

a high sense of agency. Study 2 (Chapter 2.2) confirmed this enhancement and indicated that 

it was driven by the intrinsic value of self-determined action rather than the instrumental 

value of outcomes. While the effect of choice on early outcome processing was unaffected by 

valence, later stages revealed valence-specific biases. Complementary agency ratings across 

Studies 1 and 2 further indicated that participants were sensitive to varying degrees of control 

over distinct task components. 

Study 3 (Chapter 2.3) investigated how outcome value influences self-reported sense 

of agency in a continuous motor control task. Results showed that affective feedback and 

sensorimotor noise additively influenced agency experience, with lower ratings for negative 
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than positive outcomes. Consistent with a negativity bias, negative outcomes had a stronger 

impact on agency experience than positive ones. Between-subject comparisons further 

revealed that individual differences in the locus of control and depressive symptoms 

modulated the influence of task-specific agency cues.  

In summary, these studies highlight the relevance of affective information in the 

emergence of agency experience during goal-directed action. The findings demonstrate a 

reciprocal interplay between the sense of agency and affective processing. Choice-induced 

enhancements in the neural processing of affective outcomes emphasize the importance of 

agency in tracking the consequences of our actions and may reflect neurophysiological 

mechanisms through which agency experience supports adaptive behavior and learning from 

performance feedback. Conversely, the results support a multifaceted account of the sense of 

agency, shaped not only by low-level sensorimotor and high-level cognitive processes but also 

by affective information. Together, these findings advance our understanding of the 

determinants of agency and suggest neurophysiological mechanisms that may underlie its 

contribution to goal-directed behavior.  
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1 General Introduction 

To successfully interact with our environment, it is important to assess how much 

influence we have over our actions and their effects. This requires a differentiation of effects 

that result from self-generated actions and those that lie outside of our control. The sense of 

agency refers to the experience of being in control over our actions and the effects that those 

actions have on our environment (Haggard, 2017).  

Theoretical work (Moscarello & Hartley, 2017) and empirical findings (Luo et al., 2022) 

highlight the functional role of agency experience for guiding goal-directed behavior. Notably, 

the sense of agency shapes how we perceive, interpret, and respond to events in our 

environment (Haggard & Eitam, 2015). During goal-directed action, such events often convey 

feedback about whether an action successfully resulted in its intended outcome (Kaiser, 

Buciuman, et al., 2021). Successful actions typically lead to outcomes with positive affective 

value, whereas outcomes of unsuccessful actions are evaluated negatively. Adaptive behavior 

consequently emerges from repeating actions that yield positive outcomes and modifying or 

abandoning those associated with negative ones. Importantly, the sense of agency may not 

only shape how we process affective action effects but also appears to be influenced by the 

affective value of those outcomes (Kaiser, Buciuman, et al., 2021), suggesting a dynamic, 

reciprocal relationship between agency and affective processing. As affective processes have 

received relatively little attention in research on the sense of agency (Gentsch & Synofzik, 

2014), however, the nature of this association is not clearly understood. The present thesis 

aims to investigate the interplay between the sense of agency and affective processes during 

goal-directed action. Drawing on insights from three empirical studies, it seeks to advance our 

understanding of the mechanisms through which agency experience may support adaptive, 

goal-directed behavior. 
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1.1 The Self and the Concept of Agency 

The intuition of having a self is fundamental to human experience. Humans naturally 

perceive themselves as embodied individuals, distinct from, yet capable of intentionally 

interacting with their environment (Eitam & Liviatan, 2017). Centuries of philosophical 

attempts to conceptualize selfhood reflect the profound interest in understanding what 

constitutes the self and illustrate the central role it plays in the human psyche. Accounts 

historically range from Descartes’ (1637) definition of a self-evident, indivisible entity (see 

Descartes, 1984) to Hume’s (1739) proposition that the self is an illusion (see Hume, 2007). 

Although no consensus on the nature of the self has been reached to date (Klein, 2012b), 

phenomena such as the self-reference effect, where people tend to remember self-related 

information better than non-self-related information (Kihlstrom, 2012; Rogers et al., 1977), 

indicate the presence of distinct mechanisms underlying self-referential processing. These 

mechanisms are central to research questions across disciplines.  

Investigations range from the development of the self in children (Kollakowski et al., 

2023; Rochat, 2003), to an examination of its neurocognitive and neurobiological 

underpinnings (Gentsch & Schütz-Bosbach, 2011; Kaiser & Schütz‐Bosbach, 2018; Murayama 

et al., 2015), and the search for mechanisms underlying disruptions in the sense of self in 

clinical conditions such as depersonalization (Sierra & David, 2011), schizophrenia (Klaver & 

Dijkerman, 2016), and depression (Davey & Harrison, 2022). With the growing interest in 

building humanoid robots, insights from these lines of research have also inspired approaches 

to develop an artificial self (Hafner et al., 2020; Kahl et al., 2022). In turn, methods from 

artificial intelligence research provide novel opportunities for exploring and understanding 

the human self (e.g., Möller et al., 2021; Sterzer et al., 2016).  
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As selfhood resists a simple, straightforward definition, studies typically examine 

analytically distinct subcomponents that influence an individual’s self-representation. One of 

these components is the sense of agency (but see Klein, 2012a for other examples). The sense 

of agency describes the experience of controlling one’s actions and their effects (Gallagher, 

2000; Haggard, 2017). Rather than being a purely motoric phenomenon, the sense of agency 

constitutes a core experiential facet of the self by linking internal intentions with perceived 

effects in the environment, thereby facilitating goal-directed behavior and adaptive 

functioning in everyday life (see Kaiser, Buciuman, et al., 2021).  

1.2 Determinants of the Sense of Agency 

When interacting with the environment, sensory input provides continuous low-level 

feedback about action control. At a higher level, action intentions as well as situation-specific 

and long-term control beliefs influence agency experience. In addition, perceived control may 

be shaped by affective information, such as positive and negative outcomes signaling action 

success or failure. Thus, the sense of agency is shaped by sensory, cognitive, and affective 

processes operating at different levels (Kaiser, Buciuman, et al., 2021). 

1.2.1 Sensorimotor and Cognitive Influences 

At the lower level, the sense of agency reflects an immediate, pre-reflective feeling of 

control that heavily relies on sensorimotor information (Haggard, 2017). At this level, agency 

experience largely operates unconsciously and might usually only reach awareness when it is 

disrupted. For example, grabbing and drinking from a glass of water is usually performed 

effortlessly and without conscious reflection. Also, when selecting a product from a vending 

machine, we can typically directly relate our interaction with the user interface to the 

dispensed product. Yet, when accidentally knocking over the glass, or when the vending 
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machine dispenses a product that we did not intend to purchase, agency experience is 

disrupted, reflected in a reduced experience of control over our actions and their outcomes.  

Importantly, the experience of agency is shaped not only by low-level sensorimotor 

processes but also higher-level cognitive factors. As such, the opportunity to choose from 

alternatives, rather than being limited to a single option, is considered a key determinant of 

perceived control (Barlas & Obhi, 2013; Leotti et al., 2015), and individuals generally prefer 

having choice over having no choice (Ly et al., 2019). Recent findings suggest that this 

association is not solely driven by the objective controllability of outcomes but also by the 

subjective belief in one’s ability to influence the environment through choice (Luo et al., 2022). 

This psychological effect also translates into behavioral benefits in task performance (Luo et 

al., 2022; Murayama et al., 2015), pointing to a link between choice-induced agency 

experience and successful behavior regulation.  

1.2.2 Affective Influences and Feedback Valence 

The affective dimension of the sense of agency has received relatively little attention in 

both empirical research and theoretical work (Gentsch & Synofzik, 2014; Villa et al., 2022). 

Crucially, however, much of human everyday behavior is goal-directed, meaning that we 

engage in certain actions to achieve desired outcomes or to avoid undesirable consequences. 

As previously illustrated by the example of grabbing a glass of water, the action (grabbing) 

serves the goal of drinking. Likewise, choosing an item from a vending machine (action) 

reflects the intention to fulfill a current need (goal; note that a more-fine grained 

differentiation of action-goal association would also be possible, for instance, by considering 

sub-steps such as opening the tap to fill the glass with water). In both cases, outcomes 

signaling action success carry positive affective value, while outcomes of unsuccessful actions 

are evaluated negatively. These outcomes serve as informative cues that reinforce or 
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discourage the preceding action, thereby contributing to optimal action selection in the future 

(Karsh & Eitam, 2015). For instance, retrieving a desired chocolate bar from a vending machine 

signals action success, whereas receiving the wrong item may prompt behavioral adjustments. 

Since the experience of agency facilitates successful goal attainment (Haggard, 2017), a 

comprehensive understanding of the sense of agency requires an explicit consideration of 

affective processes in intentional, goal-directed action alongside sensory feedback and 

cognitive beliefs (Kaiser, Buciuman, et al., 2021; Wen et al., 2015).  

1.2.3 Interindividual Differences: Examples of Locus of Control and Depression 

Beyond the relevance of sensory, cognitive, and affective processes for moment-to-

moment fluctuations in the sense of agency, stable inter-individual differences in the 

perceived ability to exert control over the environment, and to adaptively align behavior with 

personal goals, exist (Gentsch & Synofzik, 2014; Orgaz et al., 2013). Two examples of such 

differences are the locus of control (LoC) and depression. 

The LoC reflects trait-like variations in the tendency to attribute events to internal or 

external causes. A high internal LoC is associated with the belief that events are subject to 

one’s personal control (Nießen et al., 2022; Rotter, 1966). In contrast, a high external LoC 

reflects the tendency to attribute events to aspects outside of one’s personal control, such as 

chance or fate. Accordingly, an internal LoC has been associated with a stronger sense of 

agency compared to an external one (Dewez et al., 2019). 

Long-term differences in agency experience are also well-documented in 

psychopathology. Learned helplessness refers to the reinforced belief of lacking control over 

one’s circumstances and is considered a hallmark of depression (Maier & Seligman, 2016). 

Repeated exposure to uncontrollable aversive events may result in a perceived inability to 

cope with stressors, resulting in passivity and reduced attempts to exert control. This loss of 
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control may be sustained by biases in perception and cognition, including a preoccupation 

with negative thoughts, a reduced ability to use positive stimuli for adaptive behavior 

regulation, and an increased difficulty to disengage from negative information (Gotlib & 

Joormann, 2010). Thus, depression appears to be closely linked to a generalized reduction in 

agency experience (Vogel et al., 2024), which may be intricately related to changes in affective 

processing.  

Taken together, the above examples illustrate that the sense of agency is shaped by 

sensory, cognitive, and affective processes whose impact may be modulated by inter-

individual differences. While sensory and cognitive influences have been extensively studied 

(e.g., Barlas & Obhi, 2013; Gentsch et al., 2012; Gentsch & Schütz-Bosbach, 2011; Gentsch et 

al., 2015; Haggard et al., 2002; Hughes, 2015; Kaiser & Schütz‐Bosbach, 2018; Schwarz, Weller, 

Klaffehn, et al., 2019; Weiss et al., 2011), affective determinants of the sense of agency remain 

less well understood. Notably, affective processes may help explain agency-related changes 

action regulation and the behavioral consequences of long-term changes in perceived control 

(Kaiser, Buciuman, et al., 2021). In light of these considerations, the present thesis investigates 

the sense of agency in goal-directed behavior and examines the role of affective processes 

alongside sensory and cognitive determinants. 

1.3 Theoretical Models of the Sense of Agency 

A number of theories have been proposed to explain the emergence and disruption of 

agency experience. These accounts differ in the determinants of the sense of agency they 

consider and in the phenomena they can explain (Gentsch & Schütz-Bosbach, 2015). The 

comparator model has been particularly influential in explaining how low-level processes 

shape agency experience, thereby accounting for the sense of agency in a narrow sense. Other 

frameworks, such as active inference and the cue integration account, approach the sense of 
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agency at a broader level, incorporating the contributions of higher-level cognitive and 

affective factors alongside low-level sensorimotor information. 

1.3.1 Comparator Model 

Over the past two decades, the comparator model has emerged as the prevailing 

account for describing low-level sensorimotor aspects of the sense of agency (Blakemore et 

al., 2002; Frith et al., 2000). According to this model, the motor system generates internal 

forward models that predict the state of the motor system and the sensory consequences of 

motor commands. These predictions are then compared to actual sensory feedback. This 

comparison not only supports precise sensorimotor control but is also proposed to underlie 

the emergence of agency experience. Specifically, the model posits that agency experience 

arises when predictions generated by the motor system match the actual sensory feedback, 

whereas a mismatch, reflecting a prediction error, leads to a diminished sense of agency. 

Although this account has received much empirical support, evidence also suggests that 

comparing predicted and perceived feedback is neither sufficient nor necessary to induce 

agency experience (see Synofzik et al., 2008 for a detailed discussion). For instance, a match 

between intention and effect can also elicit a sense of agency (Schreiner et al., 2025), 

indicating that the comparator model cannot account for aspects beyond low-level 

sensorimotor control.  

1.3.2 Active Inference and Cue Integration 

A broader conceptualization of the sense of agency, incorporating not only sensorimotor 

processes but also prior beliefs, has been formalized within the active inference framework 

(Friston et al., 2013). This account extends prediction error minimization (referred to as free 

energy) beyond motor control. According to the active inference framework, agency 

experience may be influenced not only by adjustments within the sensorimotor system, but 
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also by updating prior beliefs about one’s ability to control actions and their effects, thereby 

integrating both low-level and high-level determinants of agency experience. This framework 

provides a formal account of how low-level and high-level processes contribute to the sense 

of agency. Yet, it does not specify how sensory and cognitive determinants may interact with 

affective processes to shape the sense of agency during goal-directed behavior.  

Drawing on evidence for a dynamic integration of multiple sources of information, the 

cue integration account offers a framework for explaining how low-level and high-level 

processes jointly shape agency experience in a specific context (Synofzik et al., 2008; Synofzik 

et al., 2013). According to this account, the brain performs an optimal integration of different 

information (referred to as cues) that are available prior, during, and after an action, with a 

consideration of cues according to their availability and reliability for signaling control in a 

specific situation. Typically, low-level cues from the sensorimotor system are assumed to be 

most reliable. However, when their reliability is reduced (e.g., because movements are 

executed involuntarily rather than voluntarily; Moore et al., 2009), or when external cues are 

highly convincing (e.g., beliefs established through task instructions; Desantis et al., 2011), the 

latter may receive more weight in estimating agency in a given situation. Crucially, the cue 

integration framework is one of the first to explicitly describe the role of affective processes, 

next to sensory and cognitive factors, in shaping the sense of agency. Specifically, affective 

information, such as the valence of action outcomes, is proposed to shape the integration 

process by modulating the relative weighting of sensory and cognitive agency cues.  

Both active inference and cue integration acknowledge that the sense of agency may 

manifest across multiple processing levels (Friston et al., 2013; Synofzik et al., 2013). These 

levels may be associated with distinct cognitive and neurophysiological mechanisms (Kaiser, 

Buciuman, et al., 2021). For example, the temporal and spatial contingency of actions and 
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their effects may shape the sense of agency through pre-reflective processes that are 

grounded in the sensorimotor system. Conversely, trait-like control beliefs or choice 

autonomy involve higher-level cognitive processes that may be independent from moment-

to-moment sensorimotor perception. A unified experience of agency is thought to emerge 

from integrating of these different types of information across processing levels (see also Kahl 

et al., 2022). In this context, the cue integration framework offers a valuable model of how 

sensory and cognitive cues interact with affective factors to shape the sense of agency during 

goal-directed action, thereby forming the conceptual foundation of the present thesis. 

Importantly, the sense of agency and its underlying processes interact dynamically. 

While the experience of agency depends on the availability of different cues of control, it also 

influences how we process information in our environment. For instance, a large body of work 

has examined how the sense of agency affects the perception of actions and their outcomes 

(see e.g., Chambon et al., 2020; Gentsch et al., 2012; Kaiser & Schütz‐Bosbach, 2018; Moore 

et al., 2009). To empirically investigate the interplay of agency and its underlying processes, 

various manipulations and measures are commonly employed.  

1.4 Manipulations and Measures in Agency Research 

As the previous chapter has highlighted, the sense of agency is a multifaceted 

phenomenon. Accordingly, experimental manipulations may target different facets of agency 

experience (Kaiser, Buciuman, et al., 2021). To induce high or low levels of agency, some 

studies modify the degree of (intentional) motor control (motor agency; Table 1) or the 

contingency of an action and its effect (outcome agency; Gentsch & Schütz-Bosbach, 2011; 

Kaiser & Schütz‐Bosbach, 2018; Sidarus et al., 2017b). Conversely, others manipulate cognitive 

cues related to an action, for example by varying participants’ choice autonomy across 

conditions (choice agency; Barlas & Kopp, 2018; Hassall et al., 2019; Murayama et al., 2015). 
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To examine the effects of these manipulations on different levels of processing, different 

measures are commonly employed. As the following sections outline, effects on explicit 

measures tend to be relatively consistent across manipulations. In contrast, effects on implicit 

measures are less consistent, suggesting they may differentially shape action and outcome 

processing (see Kaiser, Buciuman, et al., 2021).  

 

  

Facet Manipulation Self-Report Measure 

Motor 
agency 

• Action vs. no action 

• Fluent vs. disrupted 
action 

• Voluntary vs. 
involuntary action 

• Did you cause this action? 

• How much control did you have over the 
action? 

Outcome 
agency 

• Predictable vs. 
unpredictable effects 

• Contingent vs. non-
contingent effects 

• Did you cause this outcome? 

• How much control did you have over the 
outcome? 

Choice 
agency 

• Free vs. forced choice 
• How much control did you have over the 

choice? 

Table 1. Common approaches to manipulating and measuring facets of the sense of agency, 

targeting motor, outcome, and choice components of an action. Whereas motor and outcome 

agency are frequently assessed, measures of choice agency are less commonly reported. Note 

that the type of manipulation and self-report measure do not always coincide. For example, 

some studies manipulate motor or choice agency but assess their effects on outcome agency.  

 

 

1.4.1 Explicit and Implicit Measures 

 To explicitly assess how different manipulations influence the sense of agency, 

participants are commonly asked to judge the author of an action and its outcome, or to rate 

their perceived control over the action and its effects (see Dewey & Knoblich, 2014). Results 
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from these studies indicate that judgments of agency are sensitive to manipulations of 

processes during the preparatory phase of an action (e.g., free choices are associated with 

higher agency ratings than forced choices; Schwarz, Weller, Klaffehn, et al., 2019; Sidarus et 

al., 2017a), the fluency of an action itself (e.g., actions preceded by compatible primes are 

associated with higher agency judgments than actions preceded by incompatible primes; 

Sidarus et al., 2017a), and the contingency of outcomes with prior actions (e.g., Farrer et al., 

2008; Sato & Yasuda, 2005) or primes (congruent action-effect primes are associated with 

higher agency ratings than incongruent ones; Gentsch & Schütz-Bosbach, 2011).  

Notably, most studies using self-report measures assess the sense of agency with a 

single item, treating participants’ responses as a global index without distinguishing which 

specific facet of agency is being evaluated (Moore, 2016). As a result, it remains unclear 

whether lower ratings in contexts involving, for example, externally determined actions reflect 

changes in perceived choice autonomy (choice agency), diminished outcome control 

(outcome agency), or a combination of both (Barlas & Kopp, 2018; Schwarz, Weller, Klaffehn, 

et al., 2019). 

As the majority of studies have assessed self-reported agency in response to sensory 

action effects, such as sounds or simple visual stimuli, they offer limited insight into how 

affective feedback influences the sense of agency during goal-directed behavior. Yet, the 

valence of action outcomes has consistently been found to modulate agency ratings, 

illustrating the influence of affective processes on outcome perception (Gentsch & Synofzik, 

2014; Kaiser, Buciuman, et al., 2021). Specifically, individuals tend to report higher agency for 

positive outcomes than for negative ones (Barlas et al., 2018; Gentsch et al., 2015). This 

valence bias has been suggested to arise from cognitive mechanisms that facilitate emotional 

distancing from undesired action effects (Yoshie & Haggard, 2017) and direct attention 
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towards positive outcomes (Gentsch & Synofzik, 2014), thereby serving an adaptive function 

in maintaining self-esteem and general well-being (Takahata et al., 2012).  

The opposing effects of positive and negative feedback on self-reported control have 

commonly been associated with a self-serving bias, characterized by an enhanced tendency 

to take responsibility for positive outcomes (Gentsch & Synofzik, 2014). However, most 

studies compare agency ratings only between positive and negative feedback, without 

including a neutral feedback condition (see Villa et al., 2022 for a detailed review). It therefore 

remains unclear whether the observed effect is primarily driven by positive feedback, by a 

stronger reduction in agency following negative feedback, or by both. A predominant effect 

of positive feedback would support the assumption of a self-serving bias. In contrast, a 

stronger effect of negative feedback would align with prospect theory, which posits that 

individuals weigh negative events twice as much as positive events (Kahneman & Tversky, 

1979). A closer understanding of the nature of this bias, particularly in goal-directed task 

contexts, would offer valuable insights into the affective mechanisms that may underlie 

agency-related benefits in behavior regulation.  

As previously outlined, long-term inter-individual differences may influence outcome 

evaluation beyond moment-to-moment fluctuations in perceived control. For example, 

generalized control beliefs have been suggested to affect the relative weighting of different 

information during cue integration (Desantis et al., 2012; Gentsch & Synofzik, 2014). Yet, how 

such beliefs interact with task-specific agency experience remains largely unexplored (Dewey 

& Knoblich, 2014; Yoshie & Haggard, 2013).  

Trait-like variations in the LoC may influence the sensitivity of the sense of agency to 

outcome valence. As outlined in the cue integration account, low-level sensorimotor cues 

typically outweigh higher-level cues, such as prior beliefs or evaluative feedback. Stable 
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tendencies to attribute action outcomes to internal or external sources might modulate this 

process. Some evidence indicates that LoC influences task-specific agency ratings (Carstensen, 

2024). Furthermore, recent findings provide initial support for inter-individual differences in 

how various agency cues are weighted (Chang & Wen, 2025). However, it remains unclear 

how the LoC shapes the relative influence of affective feedback versus low-level sensorimotor 

information, particularly in goal-directed tasks where feedback carries motivational relevance. 

 Likewise, depression-related cognitive and perceptual biases were shown to increase 

the sensitivity to negative information (Gotlib & Joormann, 2010) and reduce the ability to 

learn from positive events (Must et al., 2013). Accordingly, the tendency to attribute positive 

outcomes to oneself appears to be diminished in individuals with depression (Gentsch et al., 

2015), indicating changes in the processing of affective information (Gentsch & Synofzik, 

2014). Yet, how depressive tendencies influence the integration of affective, sensory, and 

cognitive cues to shape self-reported agency experience during goal-directed behavior 

remains largely unexplored. Maladaptive changes in cue weighting may play a functional role 

in the development of learned helplessness and impaired behavioral regulation in depression 

(see Kaiser, Buciuman, et al., 2021), underscoring the importance of accounting for individual 

differences when investigating the interplay of the sense of agency and affective processes 

during goal-directed behavior. 

 To evaluate how agency experience influences implicit, pre-reflective stimulus 

processing, many studies measure intentional binding or sensory attenuation (Moore, 2016). 

Intentional binding refers to the perceived temporal attraction of actions and their effects, 

which is typically stronger under conditions of high compared to low agency (Haggard et al., 

2002). Conversely, sensory attenuation describes the reduced perceptual or neural response 

to self-generated compared to externally generated action outcomes (Gentsch & Schütz-
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Bosbach, 2015). Both effects may be linked to mechanisms described in the comparator 

model. Specifically, as outcomes of self-generated (or voluntary) actions are typically more 

predictable than those of externally generated (or involuntary) actions, they tend to be 

perceived as occurring closer in time to the action (intentional binding; Moore & Haggard, 

2008), and their perceptual or neural impact is suppressed by the sensorimotor system 

(sensory attenuation; Frith et al., 2000; Gentsch & Schütz-Bosbach, 2015). 

While both intentional binding and sensory attenuation have been interpreted as 

implicit markers of the sense of agency (see Moore, 2016), several studies suggest that they 

reflect more general phenomena related to the perception of causality and outcome 

predictability (Grünbaum & Christensen, 2020; Gutzeit et al., 2023; Kaiser, Buciuman, et al., 

2021; Kirsch et al., 2019). Supporting this, sensory attenuation has been shown to reverse 

when predictability is matched for self-produced compared to other-produced outcomes 

(Kaiser & Schütz‐Bosbach, 2018; but see Klaffehn et al., 2019). Likewise, agency-related 

differences in intentional binding may disappear when action-outcome relations are held 

constant across high and low agency conditions (Gutzeit et al., 2023). Thus, while intentional 

binding and sensory attenuation may reflect an enhanced sense of agency in some contexts, 

they may not validly serve as implicit markers of agency experience in others (Grünbaum & 

Christensen, 2020). 

Moreover, studies on sensory attenuation primarily capture low-level aspects of agency 

experience, offering limited insight into later stages of outcome processing that reflect higher-

level cognitive and affective processes (Kaiser, Buciuman, et al., 2021). Given the importance 

of the sense of agency for effective behavior regulation, investigating agency-related changes 

in outcome processing during goal-directed action requires the analysis of both sensory and 

evaluative markers during outcome presentation. To capture and differentiate these effects 
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with high temporal precision, electroencephalography (EEG) is commonly employed (Kaiser, 

Buciuman, et al., 2021). 

1.4.2 EEG and Neural Outcome Processing 

EEG is a non-invasive method to measure electrical activity in the brain (Müller-Putz, 

2020). The EEG signal primarily reflects voltage fluctuations in postsynaptic potentials of 

synchronously firing pyramidal cells in the cortex (Luck, 2014). This signal is recorded using 

electrodes placed on the scalp according to a standardized positioning system, which ensures 

consistent mapping between electrode positions and scalp locations. To assess the influence 

of experimental manipulations on outcome processing, many EEG experiments have focused 

on extracting event-related potentials (ERPs) or analyzing oscillatory activity during feedback 

presentation.  

ERPs reflect the brain’s response to specific sensory, cognitive, or motor-related stimuli 

(Luck, 2014). To analyze ERPs related to outcome evaluation, the EEG signal is time-locked to 

outcome presentation (i.e., the event) and averaged over multiple trials, resulting in positive 

and negative voltage deflections, known as ERP components. To compare outcome processing 

across experimental conditions, separate ERP waveforms are calculated for each condition, 

and differences in component amplitudes evaluated. A larger amplitude of a component in 

one condition compared to another reflects a stronger neural impact of the outcome. 

To assess sensory feedback processing, early ERPs, such as the N100 component, can be 

analyzed. The N100 is a negative-going ERP with maximal amplitude between 100 ms and 150 

ms after stimulus onset over parietal, central, and frontal scalp sites (Luck, 2014). In response 

to visual stimuli, it has been implicated in visuospatial attentional processing (Kaiser & Schütz‐

Bosbach, 2018; Krigolson et al., 2015). During outcome presentation, N100 amplitude has also 

been shown to vary with the predictability of action effects (Gentsch & Schütz-Bosbach, 2011; 
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Kaiser & Schütz‐Bosbach, 2018) and the valence of action outcomes (Gentsch et al., 2015), 

suggesting that affective information is encoded already during early outcome monitoring.  

After the sensory features of a stimulus have been processed, later ERP components 

reflect more elaborate stages of outcome evaluation. One component that has been linked to 

the evaluation of outcome value is the Reward Positivity (RewP). The RewP is characterized 

by larger deflections in response to positive and unexpected outcomes, compared to negative 

and expected ones around 250 to 350 ms after feedback presentation (Bellebaum & Daum, 

2008; Proudfit, 2015). Functionally, it has been implicated in the representation of outcome 

value and the updating of reward prediction errors (e.g., Becker et al., 2014; Zheng et al., 

2020). Furthermore, the RewP has been associated with feedback-guided learning, indicating 

that it reflects neural processes that facilitate goal-directed behavior (Williams et al., 2020). 

In addition to ERP analyses, meaningful differences in outcome processing can also be 

examined by decomposing the EEG signal into its time-frequency components, representing 

the strength of activity at individual frequencies over time (Luck, 2014). The raw EEG signal 

contains oscillatory activity across different frequency bands, ranging from delta (< 4 Hz) to 

gamma (> 30 Hz) oscillations. These frequency bands are associated with distinct brain states. 

For example, alpha activity (8 – 13 Hz) is commonly observed during relaxed wakefulness, 

while delta oscillations are associated with deep sleep (Müller-Putz, 2020). Accordingly, 

changes in the power of individual frequency bands during outcome processing have been 

linked to alterations in cognitive, affective, and motivational processes (Luft, 2014). During 

outcome presentation, midfrontal theta (MFƟ) power is typically stronger for negative 

compared to positive feedback from 200 to 600 ms after feedback onset. Functionally, 

feedback-related MFƟ activity has been linked to cognitive control and conflict monitoring, 
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thereby supporting performance monitoring and facilitating behavior regulation (Cavanagh et 

al., 2010; Kaiser, Belenya, et al., 2021).  

While the neural generators of ERPs and time-frequency oscillations cannot generally 

be inferred from the electrode locations on the scalp (Luck, 2014), source localization analyses 

indicate that both the RewP and feedback-related MFƟ oscillations originate from the anterior 

cingulate cortex (ACC; Bellebaum & Daum, 2008; Cavanagh & Frank, 2014). The ACC is part of 

the medial prefrontal cortex and exhibits connections to the midbrain dopamine system, 

implicated in reward evaluation, as well as to prefrontal and parietal areas involved in 

decision-making and action selection (Monosov et al., 2020). Accordingly, the ACC is thought 

to integrate cognitive and affective information to support feedback-driven behavioral 

adaptation through the instantiation of cognitive control (Yeung et al., 2005).  

As previously outlined, many studies have investigated how the experience of agency 

affects incidental outcome processing. In contrast, relatively few have examined the affective 

dimension of the sense of agency, specifically, how positive and negative action outcomes are 

processed during goal-directed behavior (Gentsch & Synofzik, 2014; Kaiser, Buciuman, et al., 

2021). In these contexts, choice agency (i.e., contrasting self- with externally determined 

choices) has been linked to performance benefits (Hassall et al., 2019; Luo et al., 2022; 

Murayama et al., 2015). Given that affective action outcomes serve as powerful learning 

signals, such effects may be linked to changes in outcome monitoring. However, existing 

studies on how freedom of choice influences the processing of affective outcomes present 

mixed results. 

To date, evidence on how choice agency influences the N100 during the processing of 

positive and negative instrumental feedback is lacking. However, one study has examined the 

effect of voluntary choice on the processing of emotionally positive and emotionally negative 
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tones in a non-learnable task environment (Niu et al., 2023). This study found no differential 

effect of self-determined actions on the processing of positive and negative outcomes. 

Instead, the authors observed larger N100 amplitudes in response to positive compared to 

negative tones selectively following externally determined actions, indicating a differentiation 

of outcome value primarily in low-agency contexts. While these findings indicate that 

manipulations of motor agency and choice agency differentially shape early outcome 

processing (see findings on stronger N100 self-attenuation for positive compared to negative 

effects by Gentsch et al., 2015), both lines of research provide initial evidence that affective 

information can influence early sensory markers of neural outcome processing.  

Several studies have investigated agency-related changes during evaluative stages of 

outcome processing, focusing on markers such as the RewP and MFƟ oscillations (e.g., 

Bellebaum et al., 2010; Hassall et al., 2019; Weismüller et al., 2019; Yeung et al., 2005; Zheng 

et al., 2020). In these studies, participants either made self-determined choices or performed 

externally imposed item selections and subsequently received feedback, presented in the 

form of monetary gains and losses (or the omission of gains). Results from both learnable 

(Bellebaum et al., 2010; Weismüller et al., 2019) and non-learnable (Chang et al., 2020; Hassall 

et al., 2019; Yeung et al., 2005) task environments indicate that RewP amplitude and MFƟ 

power are enhanced if outcomes follow self-determined choices. While this indicates that 

having a choice increases the neural impact of affective action outcomes, the cognitive 

mechanisms underlying this effect remain unresolved.  

Given that the RewP and MFƟ have been associated with both outcome valuation and 

feedback-guided learning (Becker et al., 2014; Cavanagh et al., 2010; Mühlberger et al., 2017), 

enhanced processing during self-determined choices may reflect the increased value of self-

determined outcomes, their greater instrumental relevance for future actions, or a 
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combination of both. One possibility is that enhanced outcome processing results from the 

inherent valuation of making self-determined choices (Ly et al., 2019). Alternatively, if RewP 

amplitude and MFƟ power are primarily shaped by the instrumental significance of action 

outcomes, this might indicate affective outcome processing as a functional mechanism 

underlying agency-related performance benefits (see Kaiser, Buciuman, et al., 2021).  

Another unresolved question is whether choice-induced agency experience 

differentially affects the processing of positive and negative feedback, or whether it equally 

enhances the neural impact of both types of feedback during learning. Evidence from a 

gambling task points toward a stronger impact of negative compared to positive feedback on 

MFƟ power following free choices (Zheng et al., 2020). In contrast, studies comparing active 

and observational learning in between-subject designs report a valence-independent increase 

in MFƟ power (Bellebaum et al., 2010; Weismüller et al., 2019). Clarifying the effect of choice 

on outcome processing during learning would shed light on whether implicit processes reflect 

a self-serving bias for positive feedback (Kaiser, Buciuman, et al., 2021), or whether goal-

directed tasks might selectively enhance the processing of negative feedback (Bellebaum et 

al., 2010). 

Taken together, current evidence points to a bidirectional relation between the sense 

of agency and affective processing. However, their interplay during goal-directed behavior 

remains insufficiently understood. Clarification is needed regarding the relative impact of 

positive and negative feedback and their interaction with sensory and cognitive cues in 

shaping the sense of agency. Conversely, it remains unclear how agency experience influences 

early sensory processing of affective outcomes, and findings on its influence on reward-

related neural markers are mixed. Together, these open questions provide the rationale for 

the current thesis.  
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1.5 Aims and Scope of the Current Thesis 

A large body of work has examined the sensory and cognitive aspects of the sense of 

agency (e.g., Barlas & Obhi, 2013; Gentsch et al., 2012; Gentsch & Schütz-Bosbach, 2011; 

Gentsch et al., 2015; Haggard et al., 2002; Hughes, 2015; Kaiser & Schütz‐Bosbach, 2018; 

Schwarz, Weller, Klaffehn, et al., 2019; Weiss et al., 2011). While this has advanced our 

understanding of important determinants of agency experience in a given situation, much less 

is known about how affective processes, such as positive and negative outcomes linked to 

action success or failure, influence this process and, in turn, guide future behavior. To address 

this gap, this doctoral thesis presents three empirical studies that examine the interplay of the 

sense of agency and affective information during goal-directed action. 

The first two studies (Chapter 2.1 and Chapter 2.2) investigated whether the experience 

of agency influences the processing of positive and negative feedback in similar or distinct 

ways. Agency was manipulated by varying participants’ freedom of choice during a 

reinforcement learning task and EEG was recorded to analyze oscillatory activity (Chapter 2.1, 

Chapter 2.2) and midfrontal ERPs (Chapter 2.2) in response to feedback. To disentangle the 

cognitive processes underlying agency-related differences in outcome monitoring, Study 2 

further explored whether these effects arise from the inherent value of performing self-

determined choices or from the instrumental relevance of outcomes for future actions 

(Chapter 2.2). EEG measures were complemented by explicit agency ratings. To differentiate 

between different facets of agency experience, we separately assessed participants perceived 

control over their action choices (choice agency) and over the outcomes of these choices 

(outcome agency). 

Study 3 (Chapter 2.3) examined how the affective value of action outcomes, 

sensorimotor control, and stable, trait-like beliefs shape self-reported agency experience 
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during goal-directed behavior. In this behavioral study, participants performed a motor 

control task in which task difficulty was varied across blocks by introducing sensorimotor noise 

(i.e., manipulating motor agency). After each trial, participants rated their sense of control 

(SoC) over the motor control task, providing an index of their sense of agency. To assess the 

relative impact of positive and negative feedback on these judgments, the task included an 

equal number of positive, negative, and neutral feedback trials. After the experiment, 

participants completed questionnaires measuring their internal and external LoC as well as 

depressive tendencies. 

Together, these studies provide novel insights into a currently understudied area of 

research, the sense of agency in goal-directed action. By examining how freedom of choice 

influences the neural processing of affective action outcomes, this work sheds light on 

potential mechanisms through which the sense of agency supports behavior regulation. 

Conversely, by investigating how affective outcomes influence agency experience in relation 

to sensory and cognitive cues, it advances our understanding of how different sources of 

information are integrated to shape agency experience during goal-directed action. Taken 

together, the findings extend our knowledge of both the determinants of agency experience 

and its functional relevance for adaptive behavior regulation, highlighting individual and 

situational factors that may facilitate, or hinder, successful goal achievement.  
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2 Cumulative Thesis 

This chapter presents three peer-reviewed and published empirical studies (Chapter 2.1, 

Chapter 2.2, Chapter 2.3). 
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2.1 Freedom of Choice Boosts Midfrontal Theta Power During Affective Feedback 

Processing of Goal-Directed Actions  

 

The corresponding manuscript has been published as Giersiepen, M., Schütz-Bosbach, S., & 

Kaiser, J. (2023). Freedom of choice boosts midfrontal theta power during affective feedback 

processing of goal-directed actions. Biological Psychology, 183, 108659. 

https://doi.org/10.1016/j.biopsycho.2023.108659. 

 

Author Contributions:  

Maren Giersiepen conceptualized and administered the study, programmed the experiment, 

collected, analyzed, interpreted, and visualized the data, and wrote the manuscript. Simone 

Schütz-Bosbach acquired funding, commented on the manuscript, and contributed to study 

conceptualization and the interpretation of the results. Jakob Kaiser acquired funding, 

commented on the manuscript, and contributed to study conceptualization, programming of 

the experimental code, formal analysis of the data, and the interpretation of the results.  

 

Copyright note: Elsevier journal authors have the right to include the article in a thesis or 

dissertation, provided that it is not published commercially, whether in full or in part, subject 

to proper acknowledgement.  
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2.2 My Choice, my Actions: Self-Determination, not Instrumental Value of Outcomes 

Enhances Outcome Monitoring During Learning 

 

The corresponding manuscript has been published as Giersiepen, M., Schütz-Bosbach, S., & 

Kaiser, J. (2024). My choice, my actions: self-determination, not instrumental value of 

outcomes enhances outcome monitoring during learning. Cerebral Cortex, 34(8), bhae325. 

https://doi.org/10.1093/cercor/bhae325. 

 

Author Contributions:  

Maren Giersiepen conceptualized and administered the study, programmed the experiment, 

collected, analyzed, interpreted, and visualized the data, and wrote the manuscript. Simone 

Schütz-Bosbach acquired funding, commented on the manuscript, and contributed to study 

conceptualization and the interpretation of the results. Jakob Kaiser acquired funding, 

commented on the manuscript, and contributed to study conceptualization, formal analysis 

of the data, and the interpretation of the results.  

 

Copyright note: All Oxford journal authors have the right to include the article in full or in part 

in a dissertation, provided that it is not published commercially.  
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Supplementary Materials 

Power Analysis 

G*Power (Version 3.1.9.7; Faul et al. 2007) was used for power calculation in the 

current study. Previous studies have reported medium to large effects of freedom of choice 

and outcome valence on outcome processing, specifically the RewP (Mühlberger et al. 2017; 

Hassall et al. 2019; Zheng et al. 2020) and MFθ (Wang et al. 2016; Zheng et al. 2020). 

Furthermore, medium to large effects are reported for the effect of agency on N100 amplitude 

(Kaiser and Schütz‐Bosbach 2018). Based on these findings, we determined the required 

sample size for finding a medium effect with a desired power of 80% (α = .05), a correlation 

among repeated measures of r = .5 and a non-sphericity correction ε = 1 for a repeated-

measures ANOVA. Given that G*Power’s functionality does not provide a straightforward 

solution for power analyses for two-way ANOVAs (Brysbaert 2019), we approximated the 

required sample size using a one-way ANOVA with a single three-level factor. This analysis 

indicated that a sample size of 28 is required to detect a medium effect size. Recognizing that 

the examination of interactions in our study might require a larger sample, we complemented 

our power analysis with comparisons to previous studies that also examined interactions. 

Based on these insights, we concluded that our sample size is likely suitable to find effects of 

choice and outcome valence on outcome processing.  

Neurophysiological Correlates of Movement Preparation: The Readiness Potential 

Analysis of high- and low-value item choices suggests similar learning of item-outcome 

associations in free-choice and action-relevant forced-choice blocks. Furthermore, previous 

research indicates larger amplitudes of the readiness potential (RP), an ERP component time-

locked to movement onset, when experiencing a high compared to a low sense of agency, 

potentially reflecting differences in the degree to which the movement is experienced as 
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voluntary (Jo et al. 2014). In exploratory analyses, we therefore examined how freedom of 

choice and item-outcome learning influenced RP amplitude.  

To examine the influence of CHOICE on electrophysiological activity prior to movement 

onset, we tested whether the amplitude of RP differed between free-choice, action-relevant 

forced-choice and action-irrelevant forced-choice blocks using cluster-based permutation F-

tests and t-tests (two-sided). To additionally examine whether learning (i.e., block 

progression) was associated with an increase or decrease in RP amplitude, we examined 

correlations of block progression (TRIAL; indexing learning) and RP amplitude (AMPLITUDE). 

The RP is characterized by a slow, gradual increase in negativity prior to movement 

onset thought to index voluntary movement preparation (Schurger et al. 2021). It is most 

pronounced over central electrodes and peaks contralateral to the moving limb. To analyze 

the RP, epochs ranging from 1500 ms prior to 1000 ms post movement onset were created, 

and baseline corrected to the average of the time window -1500 ms to -1300 ms prior to 

action. As all participants responded using their right-hand index finger, activity of electrode 

C3 was analyzed to examine the RP.  

The ERP waveforms and topographical plots of all three choice conditions are depicted 

in Figure 1. Cluster-based permutation F-tests indicate a significant effect of CHOICE on RP 

amplitude from 210 ms to 140 ms prior to feedback onset, p = .003, Cohen’s d = 0.43. 

Topographical plots confirm that activity during this time window was maximally negative 

over electrode C3. Pairwise t-tests indicated significantly more negative RP amplitudes in the 

action-relevant forced-choice condition compared to the free-choice condition (-180 ms − -

140 ms, p = .032, Cohen’s d = 0.48) and in the action-irrelevant forced-choice condition 

compared to the free-choice condition (-220 ms − -140 ms, p = .002, Cohen’s d = 0.49) during 

this time window. No significant differences in RP amplitude could be observed for the action-
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relevant and the action-irrelevant forced-choice condition (largest cluster: tcluster = 9.68, p = 

.450).  

 

 

Figure 1. Movement-locked ERP waveforms over electrode C3. The plot depicts waveforms 

for the free-choice (purple), action-relevant [A-R] forced-choice (blue), and action-irrelevant 

[A-IR] forced-choice (orange) condition. Braces with stars above the waveforms indicate the 

main effect of CHOICE on RP amplitude. The dashed vertical line at Time = 0 indicates 

movement onset.  

 

 

Our results therefore suggest a reduction in RP when participants are endowed with 

freedom of choice, indicating that cognitive aspects of choice-induced agency experience are 

reflected in reduced RP amplitudes. Typically, a larger RP indicates movement planning and 

preparation associated with initiating a voluntary movement compared to an externally 
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instructed one (e.g., Khalighinejad et al. 2019; Schurger et al. 2021; Travers et al. 2021). In 

most of these studies, instructed actions differ from voluntary ones in the timing at which 

participants perform the action. The diverging results in the current study compared to 

previous ones might therefore lie in how voluntary actions are operationalized. Notably, in 

the current task, both free- and forced-choice actions were constrained to a one-second time 

window. Thus, although the action target could be either freely chosen or externally 

determined, both scenarios involved cued responses, indicated by the onset of stimulus 

presentation during the choice period. Additionally, free-choice trials involved both decision-

related processing and motor preparation. In contrast, forced-choice trials required 

participants only to react to a pre-determined response option, potentially augmenting the 

neural processes associated with motor preparation during externally determined actions.  

Figure 2 displays trial-wise movement-locked ERP voltage as a function of time. To 

examine whether block progression was associated with a decrease or increase in RP 

amplitude, as observed at electrode C3, we determined RP peak amplitude across all (tpeak = - 

204 ms) and for the individual choice conditions (tpeak_free-choice = - 208 ms; tpeak_AR_forced-choice = - 

188 ms; tpeak_A-IR_forced-choice = - 208 ms) and correlated the average activity  50 ms relative to 

the RP peak (AMPLITUDE) with trial number (TRIAL). After correcting for multiple comparisons 

using Holm’s method (1979), correlation analyses indicate a negative but non-significant 

association of RP amplitude and task progression across choice conditions (r = - .27, p = .082) 

or for the individual choice conditions (free-choice: r = - .16, p = .191; action-relevant forced-

choice: r = - .22, p = .222;  action-irrelevant forced-choice: r = - .26, p = .074). Thus, movement 

preparatory processes, as reflected in the RP, did not change with learning of item-outcome 

associations, potentially reflecting a predominant influence of action- but not decision-related 

processes on RP during reinforcement learning.  
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A reduced RP during free choices compared to action-relevant and action-irrelevant 

forced choices complements the results observed during feedback presentation and indicates 

that the freedom to choose, not the action relevance of outcomes, alters neural processing 

during free compared to forced choices. 

 

Figure 2. Trial-wise ERP amplitude over electrode C3, averaged over blocks of free choices 

(left), action-relevant [A-R] forced-choices (middle), and action-irrelevant [A-IR] forced-

choices (right). Time = 0 indicates movement onset of each trial. The red dashed lines highlight 

the time windows used for correlation analyses, including  50 ms around the peak of RP 

amplitude in each condition. 

  

 

Parametric Analysis of Neurophysiological Data 

Methods 

 To examine the influence of choice and outcome valence on midfrontal theta power, 

we averaged midfrontal theta (4 – 7 Hz) activity of each condition from 200 ms to 600 ms after 

feedback onset over midfrontal electrodes (FC1, FC2, FCz, Fz; Luft et al. 2013; Zheng et al. 

2020; Giersiepen et al. 2023). 
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To examine choice and valence-evoked differences in ERP amplitudes, we averaged 

midfrontal activity (FC1, FC2, FCz, Fz) from 50 ms to 150 ms post feedback onset for the N100 

component and, in accordance with previous literature (Yeung et al. 2005; Bellebaum et al. 

2010; Mühlberger et al. 2017), analyzed the RewP using the average activity from 250 ms to 

350 ms post feedback onset. To extract the RewP, we further calculated the difference in 

mean amplitude for positive compared to negative feedback (positive – negative) during this 

time window.  

The preprocessed data were submitted to a repeated measures ANOVA with the 

factors CHOICE (free-choice/action-relevant forced-choice/action-irrelevant forced-choice) 

and VALENCE (negative/positive). Greenhouse Geiser corrections were applied if sphericity 

was violated (uncorrected dfs are reported for all tests). 

To follow-up CHOICE x VALENCE interactions, post-hoc contrasts were calculated using 

the difference score of feedback-induced neural activity in response to negative compared to 

positive feedback for each choice condition (Kaiser et al. 2019). Post-hoc comparisons were 

corrected for multiple testing using Holm’s method (1979). Statistical analyses were 

performed in RStudio (Version 2023.06.1). 

Results 

Midfrontal Theta Power. The ANOVA revealed a significant effect of CHOICE on 

feedback-induced midfrontal theta power, F(2, 72) =  28.79, p < .001, ηp
2  = .44, BF10 > 106. 

Pairwise comparisons revealed significantly larger theta power during free-choice blocks than 

during action-relevant forced-choice blocks, ∆M = 0.72 dB (SD = 0.47), t(36) = 5.41, p < .001, 

CI 95% [0.45, 0.99], Cohen’s d = 1.04, BF10  = 4497.40. Similarly, free-choice blocks were 

associated with significantly larger MFθ power than action-irrelevant forced-choice blocks, 

∆M = 0.86 dB (SD = 0.48), t(36) = 6.29, p < .001, CI 95% [0.59, 1.14], Cohen’s d = 1.25, BF10  = 



71 
 

55817.28. No significant processing differences in theta power could be detected between 

action-relevant and action-irrelevant forced choices, ∆M = 0.14 dB (SD = 0.01), t(36) = 1.58, p 

= .124, CI 95% [-0.04, 0.03], Cohen’s d = 0.31, BF10  = 0.55. The ANOVA also revealed a main 

effect of VALENCE, with higher MFθ power in response to negative compared to positive 

feedback, ∆M = 0.43 dB (SD = 0.41), F(1, 36) =  41.90, p < .001, ηp
2  = .54, BF10 > 106.  

 Lastly, the ANOVA revealed a significant CHOICE x VALENCE interaction, indicating that 

the effect of choice on outcome processing depends on whether feedback was positive or 

negative, F(2, 72) =  13.39, p < .001, ηp
2  = .27, BF10 > 106. The stronger increase in MFθ power 

in response to negative compared to positive feedback was significantly larger in the free-

choice compared to the action-relevant forced-choice condition (t(36) = 4.39, p < .001, CI 95% 

[0.31, 0.83], Cohen’s d = 0.83, BF10  = 258.34), as well as in the free-choice compared to the 

action-irrelevant forced-choice condition, t(36) = 3.96, p < .001, CI 95% [0.30, 0.92], Cohen’s d 

= 0.92, BF10  = 82.10. Action-relevant compared to action-irrelevant forced-choices did not 

differentially affect MFθ power for positive and negative feedback, t(36) = 0.38, p = .706, CI 

95% [-0.18, 0.26], Cohen’s d = 0.08, BF10  = 0.19. 

N100. The ANOVA indicated a significant effect of CHOICE on N100 amplitude, F(2, 72) 

= 10.58, p < .001, ηp
2  = .23, BF10 = 85.35. Post-hoc tests indicated significantly more negative 

N100 amplitudes during free-choice blocks than during action-relevant forced-choice blocks, 

∆M = -0.33 µV (SD = 0.11), t(36) = -3.59, p = .002, CI 95% [-0.52, -0.14], Cohen’s d = -0.64, BF10  

= 32.25. Furthermore, free-choice blocks elicited significantly larger N100 amplitudes than 

action-irrelevant forced-choice blocks, ∆M = -0.32 µV (SD = 0.16), t(36) = -3.69, p = .002, CI 

95% [-0.50, -0.15], Cohen’s d = -0.64, BF10  = 40.58. No significant differences in N100 

amplitude for action-relevant and action-irrelevant forced choices could be observed, ∆M = 

0.01 µV (SD = 0.05), t(36) = 0.15, p = .884, CI 95% [-0.12, 0.14], Cohen’s d = 0.02, BF10 = 0.18. 
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No significant effect of outcome valence on N100 amplitude could be detected, ∆M = 0.09 µV 

(SD = 0.11), F(1, 36) =  2.57, p = .118, ηp
2  = .07, BF10 = 0.27. Furthermore, no significant 

interaction of the factors CHOICE and VALENCE could be observed during this early time 

window of feedback processing, F(2, 72) =  0.29, p = .751, ηp
2  = .01, BF10 = 2.16. 

 Reward Positivity. The results from the repeated measures ANOVA suggested a 

significant effect of VALENCE on RewP amplitude, with significantly more positive amplitudes 

following reward feedback than following loss feedback, ∆M = 0.13 µV (SD = 0.01), F(1, 36) =  

4.36, p = .044, ηp
2  = .11, BF10 = 0.22. Furthermore, we observed a significant effect of CHOICE 

on RewP amplitude, F(2, 72) =  9.88, p < .001, ηp
2  = .22, BF10 = 4.81. More positive amplitudes 

were observed the free-choice condition compared to the action-relevant forced-choice 

condition (∆M = 0.41 µV, SD = 0.40, t(36) = 2.95, p = .011, CI 95% [0.13, 0.70], Cohen’s d = 0.36, 

BF10 = 6.88) and in the free-choice condition compared to the action-irrelevant forced-choice 

condition, ∆M = 0.51 µV (SD = 0.44), t(36) = 3.77, p = .002, CI 95% [0.24, 0.79], Cohen’s d = 

0.44, BF10 = 49.87. No significant processing differences could be observed for action-relevant 

and action irrelevant forced-choices, ∆M = 0.10 µV (SD = 0.04), t(36) = 1.21, p = .233, CI 95% 

[-0.07, 0.26], Cohen’s d = 0.12, BF10 = 0.35.  

 A significant CHOICE x VALENCE interaction further indicated significant differences in 

RewP across choice conditions, F(2, 72) =  4.70, p = .013, ηp
2  = .12, BF10 = 0.21. Post-hoc 

contrasts of the difference wave for each choice condition indicated a significantly larger RewP 

in the free-choice compared to the action-relevant forced-choice (∆M = 0.43 µV, SD = 0.96, 

t(36) = 2.73, p = .030, CI 95% [0.11, 0.75], Cohen’s d = 0.66, BF10 = 4.25) and the free-choice 

compared to the action-irrelevant forced-choice condition, ∆M = 0.34 µV (SD = 0.88), t(36) = 

2.37, p = .047, CI 95% [0.05, 0.63], Cohen’s d = 0.52, BF10 = 2.05. No significant differences in 

RewP difference waves could be observed for the action-relevant forced-choice compared to 
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the action-irrelevant forced-choice condition, ∆M = -0.09 µV (SD = 0.87), t(36) = -0.64, p = .529, 

CI 95% [-0.38, 0.20], Cohen’s d = -0.15, BF10 = 0.21. Follow-up analyses confirmed that positive 

feedback elicited larger RewP amplitudes compared to negative feedback only in the free-

choice condition (∆M = 0.39 µV, SD = 0.69, t(36) = 3.42, p = .004, CI 95% [0.16, 0.62], Cohen’s 

d = 0.31, BF10 = 30.97), but not in the action-relevant forced-choice  (∆M = -0.04 µV, SD = 0.62, 

t(36) = -0.43, p = 1.000, CI 95% [-0.25, 0.16], Cohen’s d = -0.05, BF10 = 0.19) or the action-

irrelevant forced-choice condition, ∆M = 0.05 µV (SD = 0.63), t(36) = 0.46, p = 1.000, CI 95% [-

0.16, 0.26], Cohen’s d = 0.06, BF10 = 0.19.  

 In summary, results obtained from parametric statistical testing mirror the findings 

observed based on cluster-based permutation tests performed on the time-frequency and 

feedback-locked data of the current study.  
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3 General Discussion 

The experience of being in control of our actions and their effects is central for goal-

pursuit and adaptive behavior in everyday life (Gentsch et al., 2015; Karsh & Eitam, 2015). This 

sense of agency constitutes a core component of our sense of self and shapes how we perceive 

and interpret our environment (Haggard & Eitam, 2015). During goal-directed behavior, action 

effects often carry practical significance, meaning that positive outcomes reinforce preceding 

actions, while negative ones discourage their repetition. While theories and empirical findings 

point to a reciprocal, dynamic interplay between the sense of agency and affective processing 

(Gentsch & Synofzik, 2014; Gentsch et al., 2015; Kaiser, Buciuman, et al., 2021; Synofzik et al., 

2013), the precise nature of this interaction remains unclear. To address this gap, this thesis 

investigated the relationship of the sense of agency and the affective value of action outcomes 

during goal-directed action. Across three empirical studies, the aim was to examine how the 

sense of agency shapes the processing of affective information (Chapter 2.1 and Chapter 2.2) 

and, conversely, how affective outcomes influence the experience of agency (Chapter 2.3).  

The first study (Chapter 2.1) examined how freedom of choice influences the neural 

processing of performance feedback in a motivationally salient reinforcement learning task. 

Behavioral results confirmed that participants experienced higher agency in the free-choice 

condition compared to the forced-choice condition. Notably, perceived autonomy (choice 

agency) increased more strongly than perceived outcome controllability (outcome agency), 

suggesting that participants experienced varying degrees of agency over different task 

components. Using electroencephalography (EEG), choice-induced changes in midfrontal 

oscillatory activity were measured in response to monetary gain and loss feedback. Results 

revealed that midfrontal theta (MFƟ) power was generally stronger for negative than positive 

feedback. Moreover, free choices elicited a similar increase in MFƟ power compared to forced 
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choices, regardless of whether the feedback signaled a gain or a loss. Given that feedback-

related MFƟ activity has been linked to the goal-directed processing of task-relevant feedback 

(Cavanagh et al., 2010; Van de Vijver et al., 2011), these findings suggest that choice-induced 

agency experience enhances the neural impact of affective action outcomes during learning, 

independent of their valence.  

The second study (Chapter 2.2) examined the neurocognitive processes underlying the 

choice-induced increase in affective outcome monitoring during learning. Specifically, it 

investigated whether this enhancement is driven by the relevance of outcomes for guiding 

future actions or by their association with recent self-determined choice. EEG data were 

analyzed to capture both early (N100) and later (Reward Positivity [RewP], MFƟ oscillations) 

neural responses to feedback in free-choice, action-relevant forced-choice, and action-

irrelevant forced-choice conditions. In free-choice blocks, participants retained full control 

over item selections and could maximize their gains by tracking item-outcome associations. In 

contrast, all item selections in action-irrelevant forced-choice blocks were predetermined, 

thereby making outcomes functionally irrelevant for subsequent actions. To disentangle 

choice autonomy and outcome relevance, action-relevant forced-choice blocks combined 

initial forced item selections with free choices at the end of each block, allowing feedback 

from forced-choice trials to inform later decisions. Thus, while outcomes from action-

irrelevant forced choices lacked instrumental relevance, those from free choices and action-

relevant forced ones carried practical significance for future behavior.  

Behavioral results confirmed that participants experienced a higher sense of agency 

over their choices (choice agency) than over their outcomes (outcome agency). Furthermore, 

as expected, agency ratings were highest for free choices, followed by action-relevant, then 

action-irrelevant forced choices. Neurophysiologically, free choices elicited larger feedback-
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locked ERPs and stronger MFƟ power compared to both forced-choice conditions, reflecting 

enhanced outcome processing of self-determined action outcomes. Crucially, action-relevant 

forced choices did not elicit stronger MFƟ power than action-irrelevant forced choices. This 

shows that the ability to choose an action (choice agency) rather than the instrumental value 

of the outcome enhances neural feedback processing. While early outcome processing, as 

indexed by the N100, was unaffected by outcome value, choice opportunity induced a 

valence-specific bias during later stages of outcome evaluation, evidenced by a stronger 

increase in MFƟ power for negative feedback and the selective presence of a RewP following 

free choices. These findings suggest that choice autonomy, rather than the instrumental value 

of outcomes, drives enhanced outcome monitoring and valence-specific processing biases, 

underscoring the importance of agency in tracking the consequences of one’s actions during 

learning. 

The third study (Chapter 2.3) investigated how the affective value of action outcomes 

shapes moment-to-moment changes in the sense of agency during continuous, goal-directed 

action. Participants performed a motor control task in which the sense of agency was 

manipulated by varying sensorimotor noise (motor agency) across blocks, creating conditions 

of low and high difficulty. After each trial, participants received negative (monetary loss), 

neutral, or positive (monetary gain) feedback, and then rated their sense of control (SoC), 

indexing their agency experience over the motor task. Behavioral analyses examined how the 

affective value of feedback interacts with both sensorimotor control and individual differences 

in two important agency-related traits (depressive tendencies and the Locus of control [LoC]) 

in shaping the sense of agency.  

Contrary to the hypothesis that evaluative feedback would more strongly affect agency 

experience under conditions of high sensorimotor noise, results revealed that sensorimotor 
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noise and evaluative feedback independently contributed to SoC ratings. This suggests that 

affective feedback does not necessarily modulate the reliance on low-level sensorimotor cues 

during continuous goal-directed action. Notably, agency ratings reflected a valence bias, 

characterized by a stronger reduction in perceived control for negative feedback than the 

increase observed for positive feedback. Moreover, the effects of sensorimotor noise and 

high-level feedback were modulated by participants’ LoC and depressive tendencies, 

indicating that the processing of both non-affective and affective determinants of task-specific 

agency experience are influenced by stable, trait-like control beliefs. 

Taken together, the findings from this thesis provide novel insights into the affective 

dimension of the sense of agency. By examining how freedom of choice, a key determinant of 

the sense of agency, influences outcome processing, this work sheds light on neurocognitive 

mechanisms through which agency experience may support adaptive, goal-directed behavior. 

Moreover, by investigating how the affective value of action outcomes shapes self-reported 

control during continuous, goal-directed action, the results offer insight into the interplay of 

affective information with low-level sensorimotor cues of control and higher-level individual 

differences in the LoC and depressive tendencies. The following sections will summarize the 

central insights from this research project regarding self-reports of the sense of agency, the 

neural processing of goal-directed task feedback, and the role of inter-individual differences 

in determining agency experience.   

3.1 Effects of Freedom of Choice and Motor Control on the Sense of Agency 

Participants’ self-reports substantiate and extend previous work on the influence of choice 

autonomy on agency experience. Across Studies 1 and 2, participants reported a greater sense 

of agency for free choices compared to forced choices, consistent with prior findings that self-

determination enhances agency experience (Barlas & Obhi, 2013; Sidarus et al., 2017a). 
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Importantly, the results show that this effect is not confined to choice agency, the perceived 

feeling of being free to choose between actions, but also extends to outcome agency, the 

perceived control over action outcomes (see also Schwarz, Weller, Klaffehn, et al., 2019). This 

was reflected in reduced outcome agency ratings alongside lower choice agency ratings, 

despite identical reward schedules in both free-choice and forced-choice conditions.  

Moreover, the findings support the view that the sense of agency is dynamically shaped 

by distinct cues of control (Synofzik et al., 2013). In the presented work, choice was 

manipulated deterministically (presence versus absence), whereas outcome controllability 

was probabilistic for both free choices and forced choices (75% reward probability following 

high-value item selections). Stronger effects of freedom of choice on choice than outcome 

agency ratings reflected this differentiation, indicating sensitivity to varying degrees of control 

over distinct task components.  

In contrast to Studies 1 and 2, Study 3 manipulated motor agency by introducing 

sensorimotor noise to vary participants’ motor control over goal-relevant actions. Sense of 

agency was assessed through SoC ratings after each trial, directly targeting aspects of agency 

linked to sensorimotor control. Results confirmed that increasing sensorimotor noise reduced 

perceived control. Crucially, the influence of sensorimotor noise on agency ratings was 

independent from the influence of outcome valence, providing initial evidence for an additive 

contribution of affective and non-affective processes to task-specific agency experience.  

Together, these behavioral findings corroborate previous work on the influence of choice 

autonomy and motor control on the sense of agency (Barlas et al., 2017; Kaiser, Buciuman, et 

al., 2021; Moore et al., 2009; Synofzik et al., 2013). Importantly, they extend our 

understanding of the sense of agency as a multifaceted construct by demonstrating 

differential effects of choice opportunity on choice agency (i.e., perceived freedom of choice 
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over actions) and outcome agency (i.e., perceived control over outcomes). This has important 

implications for studies that assess the sense of agency via self-report. While most studies rely 

on a single item to assess the sense of agency (see Dewey & Knoblich, 2014; Moore, 2016), 

this approach risks overlooking its multifaceted nature. Our results underscore the value of 

measuring distinct components, such as freedom of choice, motor control, and outcome 

controllability, to capture more accurately how different aspects of an action and the 

associated task contribute to the overall experience of agency.  

3.2 Affective Influences on the Sense of Agency 

While the affective dimension of the sense of agency has received comparatively little 

attention in agency research (Gentsch & Synofzik, 2014), Study 3 clearly shows that trial-wise 

agency experience is influenced by outcome valence. First, the results revealed that high-level 

affective feedback influences self-reported agency experience independently of low-level 

sensorimotor control. This finding diverges from evidence suggesting that reduced reliability 

of sensorimotor information increases the reliance on external cues of control (Desantis et al., 

2011; Gentsch et al., 2012; Moore et al., 2009). This inconsistency may be related to the nature 

of the implemented task. Unlike many studies reporting interactions between sensorimotor 

information and other control cues, our experiment employed a dynamic task environment 

that afforded several seconds of continuous motor control. This was realized to create a lab 

environment that more closely resembles actions encountered in everyday life, where the 

sensorimotor system provides an ongoing stream of immediate, low-level feedback. In this 

context, sensorimotor input was present for most of the trial, whereas evaluative feedback 

occurred only after task completion. The dominance of sensorimotor input, together with the 

temporally delayed high-level feedback, may have led to a psychological decoupling of both 

cues, resulting in a parallel but independent contribution to the sense of agency. Moreover, 
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participants were asked specifically about their SoC (i.e., motor agency) over the task, not over 

their perceived control over the outcome (outcome agency). As Studies 1 and 2 suggest, 

individuals are sensitive to their control over different task components. Thus, they may have 

distinguished their motor control (rated after each trial) from their outcome control (not 

assessed), potentially explaining the absence of the interaction between these two factors on 

agency experience in the current task.  

Study 3 also sheds light on how affective valence shapes the sense of agency. The results 

revealed a negativity bias, characterized by a stronger impact of negative feedback than 

positive feedback on agency ratings. This pattern suggests that an enhanced sense of agency 

for positive compared to negative events is not primarily driven by a self-serving bias, which 

would be reflected in a stronger increase in the sense of agency for positive outcomes 

(Chambon et al., 2020). Instead, it suggests a predominant role of externalizing agency for 

negative outcomes. At first glance, the stronger influence of negative feedback could be 

explained by prospect theory, which posits that individuals weigh losses twice as much as 

equivalent gains (Kahneman & Tversky, 1979). However, in the present study, gains were set 

to be twice the size of losses, suggesting that prospect theory alone may not fully account for 

this bias. Alternatively, this finding may reflect emotional distancing from undesired effects 

(Yoshie & Haggard, 2017), which outweighs self-serving attributions of positive outcomes to 

the self (Gentsch & Synofzik, 2014). 

Notably, the relative influence of positive and negative feedback may depend on the 

perceived capacity to learn from feedback (see Gentsch et al., 2015). Self-serving biases are 

thought to enhance self-esteem and contribute to well-being (Takahata et al., 2012). These 

biases may dominate when outcomes are perceived as unrelated to performance. In contrast, 

when a task emphasizes outcomes as performance indicators, self-serving tendencies may be 
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outweighed by processes that promote feedback-driven behavioral adaptation. Negative 

feedback has been linked to the initiation of cognitive control mechanisms that guide 

feedback-guided learning, potentially indicating a more effective modulation of behavior than 

positive feedback (Cavanagh & Frank, 2014; Gershman, 2015; but see Chambon et al., 2020). 

In the present study, participants were told that feedback reflected their performance in the 

motor control task and that their goal was to maximize accuracy to increase their payout. 

Thus, instructions emphasized the relevance of feedback for adapting subsequent actions, 

potentially resulting in a stronger influence of negative compared to positive feedback on 

agency experience.  

Another possibility is that negative feedback was less expected and therefore elicited 

greater surprise. In particular, consistent with the illusion of control (Langer, 1975), several 

studies show that people tend to overestimate their control in chance settings, especially 

when tasks are framed as performance-based (see Stefan & David, 2013). From this 

perspective, positive feedback would result in a modest increase in the sense of agency, 

whereas negative feedback would produce a stronger loss of control. It should be noted, 

though, that the study did not directly assess participants’ beliefs about whether feedback 

truly depended on their performance. Therefore, alternative explanations cannot be ruled 

out. For instance, the negativity bias may have resulted from a gradual decline in the impact 

of positive feedback over time, reflecting humans’ greater tendency to habituate to positive 

than to negative feedback (Rozin & Royzman, 2001; Yartsev et al., 2024). 

Overall, explicit agency ratings indicate that perceived control is shaped by both low-level 

sensorimotor cues and high-level information, including choice autonomy and outcome 

valence. The present results offer initial evidence for independent contributions of affective 

and non-affective processes, with both sensorimotor control and evaluative feedback 
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influencing perceived control during dynamic, goal-directed action. Moreover, in such 

contexts, valence-related biases appear not to reflect self-serving mechanisms, but rather the 

heightened salience or perceived instrumental value of negative feedback for guiding future 

behavior.  

3.3 Freedom of Choice Enhances the Neural Processing of Affective Action Outcomes  

Studies 1 and 2 provide insights into agency-related changes in the neural processing of 

goal-relevant affective feedback and its associated cognitive processes. Choice autonomy 

reliably enhanced the processing of affective action outcomes, evident in both early sensory 

(N100) and later evaluative EEG markers (RewP, MFƟ oscillations). By directly comparing the 

effects of choice on N100, RewP, and midfrontal oscillatory activity within the same paradigm, 

these studies extend prior work that largely examined the effects of the sense of agency on 

these processing stages in isolation.  

Contrasting reports of attenuated processing of self-generated action effects (Gentsch 

& Schütz-Bosbach, 2015), N100 amplitudes were larger following free-choice than forced-

choice feedback. The divergence in neural effects between these studies likely reflects 

differences in agency manipulation and outcome type. While most studies reporting N100 

attenuation varied the degree of motor involvement in producing simple sensory effects 

(motor agency), the current study manipulated freedom of choice (choice agency), followed 

by instrumental affective feedback. Our findings are consistent with evidence that self-

attenuation is absent when self- and externally determined events are equally predictable 

(Kaiser & Schütz‐Bosbach, 2018) and further suggest self-enhancement of motivationally 

salient, goal-relevant action outcomes. Because this enhancement was not confined to the 

N100 but persisted into later stages of outcome processing, heightened monitoring likely 
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involves increased attentional engagement for self-determined choices (Kaiser & Schütz‐

Bosbach, 2018; Krigolson et al., 2015).  

While choice agency influenced the N100, outcome valence did not, suggesting that 

early, sensory processing of high-level performance feedback is not modulated by the 

affective value of action outcomes. In contrast, both Studies 1 and 2 showed greater MFƟ 

power for negative relative to positive feedback, indicating a processing bias for negative 

feedback (see also Cavanagh et al., 2010; Kaiser & Schütz-Bosbach, 2021; Luft et al., 2013). 

Importantly, the two studies partially diverged in how choice autonomy shaped this effect. In 

Study 1, free choices enhanced MFƟ power equally for positive and negative feedback, 

indicating a valence-independent boost in evaluative outcome processing. In Study 2, MFƟ 

power during free choices was again higher for both negative and positive feedback, but a 

valence-specific bias emerged, indexed by a stronger enhancement for negative than for 

positive feedback. 

These partly conflicting findings raise the question of which factors determine whether 

choice effects on outcome processing are accompanied by valence biases. Forced choices in 

Study 1 and action-irrelevant forced choices in Study 2 were comparable, making differences 

in task design an unlikely explanation. More plausibly, because Study 2 included more 

participants (3 x 2 factorial design; N = 37) than Study 1 (2 x 2 factorial design; N = 30), the 

statistical power to detect two-by-two interactions of outcome valence and freedom of choice 

was higher in the latter compared to the former. Indeed, the descriptive pattern in Study 1 

mirrored that of Study 2, with larger increases in midfrontal low-frequency power for negative 

compared to positive feedback during free choices. This may suggest that feedback-induced 

MFƟ oscillations are characterized by a processing bias for negative feedback during high 

agency, although the interaction in Study 1 did not reach significance, likely due to limited 
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power. Complementing the choice-induced bias for negative feedback, Study 2 also revealed 

a RewP, indicating stronger processing of positive than negative feedback during free choices, 

whereas neither action-relevant nor action-irrelevant forced-choice trials revealed ERP 

evidence for a differential coding of outcome value. 

Previous research indicates that opportunities for choice enhance learning and promote 

effective goal-directed behavior (Luo et al., 2022; Murayama et al., 2015). Building on this, 

Kaiser, Buciuman, et al. (2021) proposed that agency-induced benefits in behavior regulation 

may be partly mediated by changes in affective outcome processing. Notably, the RewP and 

MFƟ oscillations are promising neurophysiological mechanisms underlying this process. The 

RewP has been shown to vary with outcome value and reward prediction error (Becker et al., 

2014; Zheng et al., 2020), while feedback-induced MFƟ oscillations index conflict monitoring 

and the instantiation of cognitive control (Cavanagh & Frank, 2014). Both markers have been 

implicated in learning from feedback within the anterior cingulate cortex (ACC; Cavanagh et 

al., 2010; Mühlberger et al., 2017; Williams et al., 2020). By examining how freedom of choice 

shapes the neural processing of affective feedback during reinforcement learning, this thesis 

provides initial insights into the hypothesis that these markers contribute to agency-induced 

benefits in behavior. 

In Study 1, self-determined choices enhanced MFƟ oscillations, consistent with more 

efficient learning when experiencing a high sense of agency. This effect may reflect differences 

in the instrumental relevance of outcomes, which were informative for future choices in the 

free-choice condition but not in the forced-choice condition. However, processes unrelated 

to learning, such as the inherent valuation of self-determined choice (Ly et al., 2019), could 

also account for this effect. To isolate the mechanisms underlying choice-induced facilitations 

in outcome monitoring, Study 2 contrasted free choices with two forced-choice conditions 
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whose outcomes were either irrelevant or relevant for subsequent behavior. Freedom of 

choice increased the N100, the RewP, and MFƟ power relative to both forced-choice 

conditions. Crucially, outcome processing did not differ between the two forced-choice 

conditions, indicating that the opportunity to choose, rather than the instrumental value of 

outcomes, amplifies affective outcome monitoring during learning. As reinforcement learning 

performance was similar in free and action-relevant forced choices, the observed processing 

differences may further indicate that choice-related effects on outcome processing do not 

translate into improved learning. These findings have implications for interpreting the 

functional relevance of choice-induced enhancements in RewP and MFƟ activity. If these 

neural markers index feedback-guided learning (Cavanagh & Frank, 2014; Williams et al., 

2020), then comparable learning across choice contexts indicates that enhanced responses 

following free choices do not explain agency-related benefits in behavior. Instead, the findings 

support the view that choosing is inherently rewarding (Leotti et al., 2015; Ly et al., 2019) and 

may enhance the subjective value and motivational salience of self-determined action 

outcomes. Within this framework, the RewP reflects greater salience of self-determined 

positive outcomes, whereas enhanced MFƟ oscillations index heightened cognitive conflict 

associated with greater aversiveness of self-induced negative action effects. 

The absence of learning differences appears to conflict with findings on choice-related 

benefits for goal-directed behavior (Luo et al., 2022; Murayama et al., 2015). This may 

plausibly be explained by the relative ease of succeeding in the reinforcement learning task. 

In both Studies 1 and 2, participants learned which of two options was more rewarding under 

a 75-25 reward-loss schedule and typically acquired this association after a quarter of trials in 

each block. Consequently, the tasks may have lacked sensitivity to reveal choice-related 

performance benefits. Alternatively, learning differences may have been present but were not 
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statistically detected. Comparing condition-level averages of performance and neural 

responses, as in the present studies, may lack the sensitivity to capture trial-wise dynamics of 

learning, outcome valence, and neural feedback processing. Trial-by-trial analyses via 

computational modeling would allow for a more fine-grained evaluation of learning dynamics 

by relating behavioral adjustments to prediction errors and neurophysiological responses, and 

by estimating learning rates as a function of choice context. This approach could provide a 

more detailed understanding of how choice-induced differences in outcome processing relate 

to feedback-guided learning.  

 To summarize, the presented studies show that choice autonomy reliably amplifies the 

processing of affective action outcomes, both during early sensory and later evaluative stages. 

Self-determined choices biased evaluative outcome processing toward positive and negative 

feedback, as reflected in the selective presence of a RewP and enhanced MFƟ activity, 

respectively, while inducing a valence-independent increase during early sensory processing 

(N100). These effects appear to reflect the inherent valuation of choosing rather than the 

instrumental value of outcomes. More demanding learning environments and trial-wise 

modeling of brain-behavior associations are needed to evaluate the temporal dynamics and 

neurophysiological mechanisms through which agency experience may influence behavior. 

3.4 Individual Differences Modulate Cue Integration During Goal-Directed Action 

Inter-individual differences are thought to modulate how much control we perceive over 

our actions and their outcomes (Gentsch & Synofzik, 2014), yet their influence on task-specific 

agency experience has received comparatively little attention. Results from Study 3 suggest 

that task-specific variations in the sense of agency are shaped by individual differences in LoC 

and depressive symptoms. Both traits have been linked to alterations in attributional 

processes and perceived controllability over life events (Disner et al., 2011; Nießen et al., 
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2022; Rotter, 1966; Yu & Fan, 2016), and depression in particular, is linked to heightened 

sensitivity to negative information (Gotlib & Joormann, 2010; Roiser et al., 2012). We 

therefore hypothesized that LoC and depressive symptoms would modulate how low-level 

sensorimotor cues are integrated with higher-level affective feedback. The findings supported 

this idea, though in ways that refine our initial predictions. 

Contrary to the expectation that a more external LoC would increase the reliance on 

evaluative feedback, it selectively influenced the effect of sensorimotor noise on the sense of 

agency under high task difficulty, where a higher external LoC was associated with elevated 

agency ratings. Following Carstensen (2024), one interpretation is that generalized beliefs 

about the ability to control events in life may be distinct from moment-to-moment tasks-

specific agency experience. In the current task, the salience of sensorimotor noise in the 

difficult condition may have led participants with a more external LoC to attribute errors in 

the motor task to situational interference rather than to themselves, allowing them to 

discount these externally imposed disruptions when estimating their control experience. 

Because SoC ratings referred to the perceived control over the motor task (motor agency), 

rather than over its outcomes (outcome agency), this differentiation may have resulted in 

higher agency ratings under high sensorimotor noise.  

Depressive symptoms modulated the influence of both sensorimotor noise and, to a lesser 

extent, affective feedback on perceived control. Although depression is typically associated 

with heightened processing of negative information (Gotlib & Joormann, 2010; Roiser et al., 

2012), we observed that increasing depressive symptoms were associated with a reduced 

influence of negative feedback and a stronger effect of sensorimotor noise on trial-wise 

agency ratings. The reduced impact of negative feedback may reflect decreased affective 

reactivity in individuals with higher depressive symptoms, thereby reducing its influence on 
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agency experience (Steele et al., 2007). Alternatively, depressive tendencies may lead to a 

generally increased readiness to assume responsibility for negative outcomes, resulting in a 

smaller decrease in perceived control from momentary feedback (Zahn et al., 2015).  

Notably, the opposite effects of depressive symptoms on self-reported agency experience 

via sensorimotor noise and affective feedback may also be reconciled with findings on 

depressive realism, which describes a more accurate perception of contingencies in depressed 

compared to non-depressed individuals (Alloy & Abramson, 1979; Yoshie & Haggard, 2013). 

In particular, whereas positive and negative feedback were unrelated to task performance, 

increasing sensorimotor noise diminished performance accuracy. Participants with higher 

depression scores may have been more sensitive to the dissociation of low-level sensory 

information and experimentally manipulated affective feedback, resulting in a reduced impact 

of negative feedback and an increased influence of sensorimotor feedback on agency ratings. 

Notably, although both the external LoC and depressive symptoms interacted with low- 

and high-level control cues, we found no evidence that they moderated the relative influence 

of sensorimotor noise and affective feedback (as e.g., reported in Chang & Wen, 2025). This 

may suggest that inter-individual differences in cue integration are not captured by these 

traits, implying that external LoC and depressive symptoms modulate the weighting of low- 

and high-level processes while leaving their relative contribution to the experience of agency 

unchanged. Alternatively, the null effect of trait-like differences on the relative weighting of 

sensorimotor information and evaluative feedback may reflect methodological limitations. 

Because a more external LoC and depressive symptoms are characterized by reduced 

perceived control over life events (Disner et al., 2011; Nießen et al., 2022; Rotter, 1966; Yu & 

Fan, 2016), their moderating effects may more likely manifest when obtaining outcome 

agency ratings rather than the SoC (indexing motor agency). Moreover, because the primary 
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aim of Study 3 was to assess the relative influence of affective feedback and sensorimotor 

information on the sense of agency, the sample size was powered for within-subject effects. 

Detecting between-subject effects, especially for three-way interactions (here: traits, low-

level control cues, high-level control cues) typically requires larger samples (Cohen, 1988). 

Consistent with this notion, the effects of external LoC were characterized by wide confidence 

intervals and large standard errors, pointing towards an inadequate sensitivity to detect 

significant between-subject effects and their interactions with within-subject experimental 

factors. Likewise, depressive tendencies were assessed in a non-clinical sample with generally 

low depression scores, which may underestimate their influence on task-specific agency 

ratings. Testing between-subject effects and their interaction with experimental factors would 

require larger samples, ideally comparing healthy with clinically depressed individuals. 

In summary, Study 3 shows that individual differences shape task-specific agency 

experience during continuous, goal-directed action. Although the robustness of these effects 

requires validation in larger samples, the findings provide initial evidence that trait-like control 

beliefs do not modulate the integration of immediate sensorimotor versus post-trial affective 

feedback but instead independently influence the reliance on individual agency cues. 

Alterations in the relevance of individual cues may be driven by changes in the assumed 

contingency between sensorimotor noise, evaluative feedback, and actual task control (see 

Chang & Wen, 2025). For example, individuals with a higher external LoC may externalize 

responsibility for impaired task performance under high sensorimotor noise, thereby 

protecting their sense of agency despite reduced accuracy in the motor task. In contrast, 

depressive symptoms may be associated with a stronger decline in agency experience in the 

presence of noise and may further alter the weighting of affective cues.  
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These findings might have implications for our understanding of the development of 

learned helplessness. If the negativity bias reflects a higher perceived utility of negative 

relative to positive feedback for guiding subsequent actions, then its attenuation with 

elevated depressive symptoms may signal reduced learning from negative events. This may 

impair adaptive behavior regulation and, ultimately, contribute to the emergence of learned 

helplessness. Alternatively, because feedback in the current study was not performance-

contingent, the diminished response to negative feedback may reflect processes unrelated to 

learning, such as more accurate control estimates among individuals with higher depressive 

symptoms. Resolving these alternatives might be possible via future experiments that employ 

learnable task environments with performance-contingent feedback to track how depressive 

tendencies shape outcome evaluation during learning.  

3.5 Theoretical Implications, Future Directions, and Methodological Considerations 

The findings from the three studies presented in this thesis support a multifaceted 

account of the sense of agency that encompasses not only low-level sensorimotor and high-

level cognitive processes but is also reliably influenced by affective information. These facets 

shape agency experience across different levels, influencing both early and late stages of 

outcome processing, as well as subjective judgments. In particular, the present thesis shows 

that affective information systematically modulates both measures, underscoring the 

importance of studying agency experience in the context of goal-directed behavior, where 

outcomes carry inherent affective value. 

The comparator model describes low-level sensorimotor contributions to the sense of 

agency (Blakemore et al., 2002; Frith et al., 2000). According to this model, agency experience 

arises from a match between predicted and actual sensory feedback. Findings typically reveal 

a reduced explicit sense of agency and larger N100 amplitudes for unpredicted or erroneously 



110 
 

predicted consequences, whereas correct action-effect anticipations are associated with 

enhanced agency experience and attenuated N100 responses. Hence, N100 attenuation has 

been interpreted as a neural marker of the sense of agency (see Moore, 2016). In contrast, 

our results revealed enhanced N100 amplitudes in high agency contexts. Importantly, whether 

N100 amplitude is enhanced or attenuated likely depends on the nature of action outcomes. 

Contrasting much previous work, feedback in the studies presented in this thesis was not only 

a sensory consequence of action but also informative about participants’ performance. In such 

contexts, the positive or negative value of action effects may outweigh evaluations of action-

effect associations within the sensorimotor system, leading to enhanced rather than 

attenuated processing. This highlights that a comprehensive understanding of how agency 

experience shapes outcome perception requires examining it not only in tasks with simple 

sensory effects but also during goal-directed actions.  

Furthermore, while the comparator model and empirical evidence supporting this 

account largely revolve around sensorimotor aspects of the sense of agency (motor agency), 

manipulating choice autonomy primarily targets higher-level beliefs. Consequently, choice-

related aspects of the sense of agency may shape early sensory processing through 

mechanisms not accounted for by the comparator model (Synofzik et al., 2008). Thus, while 

the comparator model may provide a useful account of the sense of agency in simple tasks 

where outcome predictability depends on sensorimotor processes, it does not capture the 

influence of higher-level cognitive and affective factors examined in this thesis (see also 

Synofzik et al., 2013). 

Our results can partly be reconciled with the cue integration account, which posits that 

agency experience arises from a dynamic integration of low-level and high-level cues of 

control (Moore et al., 2009; Synofzik et al., 2008; Synofzik et al., 2013). In our data, high-level 
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cognitive and affective cues included choice autonomy (Studies 1 and 2), trait-like differences 

(Study 3), and post-trial feedback (Studies 1-3), while sensorimotor noise (Study 3) provided 

low-level information via sensory feedback. The cue integration account predicts that these 

levels jointly influence agency experience and highlights the importance of affective processes 

in modulating their integration (Moore & Fletcher, 2012; Synofzik et al., 2013). It proposes 

that immediate feedback from the sensorimotor system typically dominates agency 

experience, whereas external information, such as higher-level feedback or prior beliefs, 

receive increasing weight when sensorimotor information becomes less reliable.  

In contrast to this prediction, Study 3 revealed an independent contribution of low-level 

and high-level feedback to the sense of agency, reflected in a comparable influence of 

affective feedback under both low and high sensorimotor noise. As outlined in the discussion 

of Study 3, this discrepancy might be related to the temporal imbalance between ongoing 

sensorimotor feedback during trials and post-trial evaluative feedback, which contrasts with 

simpler tasks where sensorimotor information and evaluative feedback occupy a comparable 

share of each trial. Thus, rather than contradicting the cue integration account, these findings 

may extend it by highlighting an independent yet parallel contribution of affective and non-

affective cues to agency experience in dynamic, goal-directed tasks. In doing so, the present 

work contributes to a broader understanding of the sense of agency, providing insights into 

cue integration during continuous goal-directed behavior, which may differ from the patterns 

observed in simpler, non-goal-directed tasks. 

Alternatively, the cue integration account may explain the absence of an interaction 

between sensorimotor noise and evaluative feedback through mechanisms related to the 

perceived reliability of individual agency cues. While instructions can alter cue integration by 

shaping control beliefs (Desantis et al., 2012), such beliefs were not explicitly assessed in the 
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presented study. It can therefore not be excluded that participants suspected that feedback 

was not performance dependent. According to the cue integration account, this could have 

reduced the perceived reliability of high-level feedback, resulting in a constant weighing of 

affective feedback even when sensorimotor noise increased. 

Finally, Study 3 also examined whether individual differences shape cue integration. The 

cue integration account predicts that such differences modulate the influence of sensorimotor 

and task-specific beliefs, and may themselves be shaped by affective processes (see Synofzik 

et al., 2013). Consistent with this view, we found that external LoC and depressive symptoms 

influenced the impact of low- and high-level feedback on agency experience. However, unlike 

recent computational evidence suggesting that individuals differ in how they weigh low- and 

high-level task cues (Chang & Wen, 2025), we found no evidence that the examined 

characteristics modulated the relative weighting of sensorimotor noise versus higher-level 

feedback in shaping the sense of agency. Whether this reflects limited measurement 

sensitivity or sample size constraints, or instead indicates that the assessed traits do not affect 

task-specific cue weighting remains to be clarified. Nonetheless, the present work supports 

the cue integration account by highlighting the relevance of trait-like differences for explaining 

variability in agency experience.  

In summary, the findings of this thesis are broadly consistent with the cue integration 

account of the sense of agency. While the conditions that determine the dynamics of cue 

integration (e.g., task learnability, task complexity) and the possibility of diverging effects 

across measures (e.g., implicit vs. explicit, motor vs. outcome agency) remain to be clarified, 

the results demonstrate the relevance of affective processes for shaping the sense of agency 

during goal-directed action. These findings provide a valuable basis for examining the 
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cognitive, neurophysiological, and computational mechanisms through which affective 

processes influence the sense of agency, and, in turn, contribute to adaptive action control.  

One important insight from this thesis is that future research investigating agency 

experience during goal-directed behavior should focus on using paradigms with demanding 

yet learnable experimental tasks. Compared to studies with non-learnable reward schedules 

(as in Study 3) or simple reward contingencies (as in Studies 1 and 2), such tasks would provide 

adequate sensitivity and a methodological prerequisite for examining whether agency-

induced enhancements in outcome processing translate into measurable performance 

improvements. Moreover, because the relative impact of positive and negative feedback likely 

depends on the perceived opportunity to learn from feedback (Gentsch et al., 2015), such 

tasks would allow testing whether valence-specific biases in self-reported agency experience 

and neural outcome processing are functionally related to learning from feedback or whether 

these biases reflect more general mechanisms of outcome evaluation, unrelated to behavior.  

To disentangle the influence of affective value on distinct facets of the sense of agency, 

future studies should also independently manipulate choice, motor, and outcome agency, and 

examine their effects on explicit measures of each component. When assessed on a trial-by-

trial basis, this would allow investigating whether affective value differentially modulates self-

reports of choice, motor, and outcome agency, and whether cue integration dynamics vary 

across these components. Since manipulations of motor control and choice autonomy target 

low-level and high-level aspects of the sense of agency, respectively, cross-paradigm 

comparisons could further clarify whether affective value exerts comparable effects on neural 

measures of outcome processing when the sense of agency is manipulated via choice 

opportunity versus sensorimotor control. To obtain a fine-grained understanding of the 

impact of affective value on neural responses, performance, and self-reported agency 
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experience, these studies should combine trial-by-trial analyses with computational modeling, 

thereby quantifying learning rates as a function of agency experience and relating them to 

neurophysiological markers of outcome processing, such as the RewP and MFƟ oscillations. 

Future work should also compare healthy samples with clinically depressed individuals 

in adequately powered designs to investigate whether differences in trait agency are 

associated with systematic changes in outcome evaluation. These comparisons would also 

help clarify whether such personality-dependent changes in outcome evaluation are 

functionally linked to alterations in adaptive behavior regulation. If the finding that higher 

depression scores are associated with a reduced negativity bias is replicated, and if MFƟ 

oscillations are central to feedback-guided learning (Cavanagh & Frank, 2014), this may 

suggest a relative decrease in weighting signals linked to MFƟ activity, potentially pointing to 

a mechanism underlying impaired behavior regulation in depression. Given that the influence 

of affective value may differ between implicit measures and explicit judgments (Gentsch et 

al., 2012; Moscarello & Hartley, 2017; Synofzik et al., 2013), a joint examination of neural 

measures of feedback processing and agency ratings could shed light on the 

neurophysiological and behavioral dynamics of cue integration and their relation to learning-

related changes in depression. 

In summary, this thesis highlights the importance of distinguishing between different 

facets when manipulating agency experience, while also underscoring the need to 

systematically compare their effects on the sense of agency over distinct task components 

and on neural outcome processing. Moreover, the findings demonstrate that affective 

processes shape agency experience, emphasizing the value of using demanding, learnable 

tasks for advancing our understanding of how these processes contribute to agency-related 

changes in behavior. Building on these insights, two follow-up studies are currently underway. 
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Notably, as outcome evaluation is influenced not only by the sense of agency but also by other 

factors relevant to self-other distinction (Krigolson et al., 2013; Turk et al., 2011; Xu, 2021), 

one of these studies additionally investigates how the sense of agency interacts with the self-

relevance of action outcomes (outcome ownership) in shaping this process. 

The first follow-up study examines whether manipulating motor agency elicits effects 

on affective outcome processing that are similar to, or distinct from, those previously 

observed for choice agency during reinforcement learning. On each trial, participants make a 

binary item choice, each associated with a high or low reward probability and then move a 

cursor from the screen center to the selected target using a computer touchpad. In easy 

blocks, cursor movements align with standard computer settings, whereas in difficult blocks 

cursor responses are systematically manipulated, requiring adaptation to novel sensorimotor 

contingencies. Upon reaching the target, participants receive monetary gains and losses as 

affective action effects, and EEG is recorded to examine outcome processing as a function of 

motor control and outcome valence. To directly compare valence biases in self-reported sense 

of agency with neural markers of outcome processing, trial-wise ratings of motor and outcome 

agency are collected.  

The second follow-up study, conducted in collaboration with the Theoretical and 

Applied Neuroscience Laboratory (University of Victoria, Canada), employs a 2 x 2 x 2 factorial 

design to manipulate choice agency (free vs. forced-choice), outcome ownership (self- vs. 

other-owned), and feedback valence (positive vs. negative feedback; performance-

dependent). The EEG study investigates how choice agency interacts with outcome ownership 

in shaping affective feedback processing and examines how these factors influence 

reinforcement learning performance. To increase sensitivity to capture learning differences 

across conditions and to avoid ceiling effects in performance, the task involves trial-wise 
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selections among four options with different reward probabilities (10 %, 20 %, 40 %, or 70 %), 

making item-outcome associations more demanding than in the two-option tasks used in the 

studies presented in this thesis. Computational modeling is applied to estimate learning rates 

as a function of self-relevance and to relate them to differences neural markers of feedback 

processing, providing a more nuanced understanding of learning-related changes in outcome 

processing. 

Finally, beyond the limitations of the individual studies discussed in the previous 

sections, some additional methodological and conceptual considerations should be noted, 

both for evaluating findings in agency research in general and for interpreting the results of 

this thesis. Although assessing the sense of agency through self-report is common practice 

(see Dewey & Knoblich, 2014; Tapal et al., 2017), such explicit measures have been criticized 

for their susceptibility to demand characteristics (Moore, 2016). Moreover, some researchers 

propose that the sense of agency is primarily a pre-reflective process, which cannot be fully 

assessed via explicit self-report, but might be more accurately assessed via implicit measures 

(Gallagher, 2000; Pacherie, 2008). Importantly, empirical work often reports a lack of 

correlation between implicit and explicit measures in agency research (Dewey & Knoblich, 

2014; Schwarz, Weller, Klaffehn, et al., 2019; but see Kühn et al., 2011; Weller et al., 2017). 

Such dissociations may partly reflect limits of explicit judgments in capturing pre-reflective 

processes, but they may also arise from challenges associated with implicit measures. In 

particular, intentional binding and sensory attenuation, the two most common implicit 

measures, may be influenced by general mechanisms such as causal inference and stimulus 

predictability, rather than by sense of agency per se (Grünbaum & Christensen, 2020; Gutzeit 

et al., 2023; Kaiser, Buciuman, et al., 2021; Kirsch et al., 2019; Schwarz, Weller, Pfister, et al., 

2019). Accordingly, the present work did not attempt to directly measure the pre-reflective 
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sense of agency but instead examined how manipulations of agency modulate neural outcome 

processing. Conversely, self-reports obtained in the present studies are best understood as 

higher-level evaluative judgments of control that are related to but may sometimes diverge 

from moment-to-moment experiences of control. Future research could investigate if 

affective information has a similar or dissociable interrelation with implicit and explicit 

measures. 

Complementary to the distinction between pre-reflective and reflective aspects of the 

sense of agency, and the difficulty of relating measures across these levels, is that different 

manipulations target different facets of the sense of agency, which may be associated with 

distinct cognitive and neurophysiological mechanisms (Kaiser, Buciuman, et al., 2021). As 

outlined earlier, sensorimotor noise primarily targets low-level processes, whereas choice 

autonomy influences higher-level beliefs about control. Although these levels interact 

(Synofzik et al., 2013), the entry point of the manipulations differ, potentially resulting in 

diverging effects on the perception of actions and outcomes. For instance, in Study 2, choice 

enhanced N100 amplitude, whereas prior work found attenuation when varying motor 

control. These findings may not be contradictory but indicate that different aspects of the 

sense of agency influence action and outcome perception in distinct ways.  

Notably, this distinction is often not made explicit in agency research, leading to 

conceptual ambiguity and apparent inconsistencies in the reported associations between 

agency experience and stimulus processing (Grünbaum & Christensen, 2020). While the 

terminology used to describe and assess the sense of agency in the studies of the present 

thesis was selected to be concise regarding the facet under consideration, it partly originates 

from different frameworks, which risks contributing to conceptual ambiguity. In particular, 

Studies 1 and 2 distinguished between agency experience through self-determined choice 
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(choice agency) and agency for action effects (outcome agency). At a third level, this approach 

also describes the sense of agency over an action (motor agency). This distinction was 

originally introduced to describe different experimental manipulations of the sense agency 

(Kaiser, Buciuman, et al., 2021), which themselves influence distinct components of agency 

experience (see Table 1). In contrast, Study 3 drew on Pacherie’s (2007) conceptualization, 

which differentiates phenomenological components of agency, including the sense of control 

(SoC; i.e., the felt control over an action), the sense of intentional causation (i.e., the feeling 

that one’s intention or movement caused an effect), and the sense of initiation (i.e., the 

experience of having initiated an action). As apparent from these definitions, the SoC most 

closely overlaps with the concept of motor agency in experimental research. Classifying SoC 

ratings within the distinction of choice, motor, and outcome agency therefore allows 

integrating the results across studies. Yet, it is important to acknowledge that these terms are 

not identical and originate from different conceptual approaches. 

Finally, although the results of this work support the view that the sense of agency and 

affective processing are fundamentally related, an open question is how experimental effects 

such as those reported in this thesis translate to everyday action. Using experimentally 

controlled reward contingencies allows for a systematic evaluation of how the sense of agency 

and affective processing relate to underlying learning mechanisms. Accordingly, lab-based 

based studies frequently employ positive and negative feedback, such as monetary gains and 

losses, to emphasize the instrumental value of an action. While actions in everyday life can 

likewise be understood as means to achieve positive and avoid negative events, this feedback 

may differ from the feedback presented in experimental settings. First, such feedback is 

typically less explicit, with positive and negative value being implicitly and indirectly related 

to action success or failure. Second, feedback is often not conveyed by a single modality, such 
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as visual feedback on a screen, but may be characterized by multisensory integration, 

including, for example, auditory, proprioceptive, and interoceptive signals. Third, while once-

acquired action-effect contingencies in experimental tasks often remain consistent 

throughout the experiment, action-effect associations in everyday life are more volatile, 

requiring continuous monitoring of environmental conditions and flexible behavior 

adaptation. Such adaptations have been shown to influence feedback processing (Kaiser, 

Belenya, et al., 2021) and may therefore affect outcome monitoring during learning beyond 

the effects reported in this thesis. Thus, while the present findings provide important insights 

into the interplay between the sense of agency and affective processing from a basic research 

perspective, further experimental work in more ecologically valid task settings is needed to 

test their generalizability.  

In summary, the multifaceted nature of the sense of agency is mirrored in considerable 

conceptual diversity, which, together with methodological constraints, complicates direct 

comparisons across studies. These considerations highlight the need for greater conceptual 

clarity in the use of terminology, and for an explicit differentiation between distinct facets of 

agency experience. Recognizing these issues and testing the generalizability of the interplay 

of agency and affective processing in tasks with feedback resembling everyday life is essential 

for the advancement of our current understanding of the sense of agency and its role in goal-

directed behavior.  
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4 Conclusion 

During goal-directed behavior, the affective value of outcomes provides instrumental 

feedback for evaluating action success or failure, thereby guiding future actions in accordance 

with our goals. While previous research has primarily examined its sensory and cognitive 

determinants, much less is known about the affective dimension of the sense of agency. As a 

result, the interplay between the sense of agency and affective processing during goal-

directed behavior remains poorly understood. To address this gap, this doctoral thesis 

investigated the bidirectional relationship between the sense of agency and affective 

processes across three empirical studies.  

The first two studies provided converging evidence that choice autonomy enhances 

both the subjective experience of agency and the neural processing of goal-relevant affective 

outcomes, indicating heightened attentional engagement when individuals feel in control 

over their actions and effects. While choice effects on early processing (N100) were 

unaffected by valence, later stages revealed valence-specific biases for the processing of 

positive (RewP) and negative feedback (MFƟ). Importantly, enhanced outcome monitoring 

was not driven by the instrumental relevance of outcomes for future behavior, but by the 

psychological significance of making a self-determined choice. Together, the findings suggest 

that the selective presence of a RewP during free choices reflects the inherent rewarding value 

of choice autonomy, whereas heightened MFƟ power indicates increased cognitive conflict 

when negative outcomes follow one’s own choices compared to externally imposed ones.  

The third study confirmed a reciprocal relation between agency and affective processing 

by showing that affective value influenced the self-reported sense of agency. In line with 

previous findings, positive outcomes were associated with higher control ratings than 

negative ones. Crucially, this effect was driven by a stronger reduction in ratings following 
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negative feedback compared to the increase observed for positive feedback. Consistent with 

a negativity bias, this indicates that motivationally salient negative outcomes exert a greater 

impact on agency experience than equally relevant positive ones. Beyond predictions of the 

cue integration account, the findings also suggest that sensorimotor cues and affective 

feedback independently shape agency experience during goal-directed action, though the 

relative weighting of these cues may vary across task contexts and measurement approaches. 

Finally, evidence for the influence of individual differences on the weighting of affective and 

non-affective task cues highlights the importance of considering trait-level factors when 

explaining how agency experience emerges during goal-directed behavior. 

 Together, the insights into the affective dimension of the sense of agency obtained from 

the three studies presented in this thesis suggest that affective processes are not incidental 

to our actions but may actively shape how goals are pursued and evaluated. The sense of 

agency enhances the processing of affective outcomes, while outcome value, in turn, shapes 

the experience of agency during goal-directed action. These findings broadly support 

theoretical accounts that emphasize the role of affective information for the emergence of 

agency experience, such as the cue integration account. Importantly, the influence of affective 

cues may be shaped by contextual factors, such as the (perceived) instrumental value of 

outcomes, and by the specific aspect of agency under consideration. Although no single study 

can capture the multifaceted nature of the sense of agency in its entirety, the presented 

studies consider the interplay of individual sensory and cognitive cues with affective 

processes, thereby offering a more comprehensive account of the emergence of agency 

experience during goal-directed action. The insights gained from this work provide a valuable 

foundation for future research on the functional role of affective processes in regulating 
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behavior, advancing our understanding of the mechanisms through which the sense of agency 

supports adaptive, goal-directed behavior.  
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