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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 5ŜǎŎŀǊǘŜǎΩ (1637) definition of a self-evident, indivisible entity (see 

Descartes, 1984) to IǳƳŜΩǎ όмтофύ 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-.ƻǎōŀŎƘΣ нлммΤ YŀƛǎŜǊ ϧ {ŎƘǸǘȊπ.ƻǎōŀŎƘΣ нлмуΤ aǳǊŀȅŀƳŀ 

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 

ŀƴŀƭȅǘƛŎŀƭƭȅ ŘƛǎǘƛƴŎǘ ǎǳōŎƻƳǇƻƴŜƴǘǎ ǘƘŀǘ ƛƴŦƭǳŜƴŎŜ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ǎŜƭŦ-representation. One of 

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

of agency describes ǘƘŜ ŜȄǇŜǊƛŜƴŎŜ ƻŦ ŎƻƴǘǊƻƭƭƛƴƎ ƻƴŜΩǎ ŀŎǘƛƻƴǎ ŀƴŘ ǘƘŜƛǊ ŜŦŦŜŎǘǎ (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 ƻƴŜΩǎ 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 

ƻƴŜΩǎ ǇŜǊǎƻƴŀƭ ŎƻƴǘǊƻƭ (Nießen et al., 2022; Rotter, 1966). In contrast, a high external LoC 

reflects the tendency to attribute events to aspects ƻǳǘǎƛŘŜ ƻŦ ƻƴŜΩǎ ǇŜǊǎƻƴŀƭ ŎƻƴǘǊƻƭ, 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 

ƻƴŜΩǎ ŎƛǊŎǳƳǎǘŀƴŎŜǎ ŀƴŘ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŀ ƘŀƭƭƳŀǊƪ ƻŦ ŘŜǇǊŜǎǎƛƻƴ (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 

ŀƭΦΣ нлмрΤ IŀƎƎŀǊŘ Ŝǘ ŀƭΦΣ нллнΤ IǳƎƘŜǎΣ нлмрΤ YŀƛǎŜǊ ϧ {ŎƘǸǘȊπ.ƻǎōŀŎƘΣ нлмуΤ {ŎƘǿŀǊȊΣ ²ŜƭƭŜǊΣ 

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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ŀƭǎƻ ōȅ ǳǇŘŀǘƛƴƎ ǇǊƛƻǊ ōŜƭƛŜŦǎ ŀōƻǳǘ ƻƴŜΩǎ ŀōƛƭƛǘȅ ǘƻ ŎƻƴǘǊƻƭ ŀŎǘƛƻƴǎ ŀƴŘ ǘƘŜƛǊ ŜŦŦŜŎǘǎΣ ǘƘŜǊŜōȅ 

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 



17 
 

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 

όǎŜŜ ŜΦƎΦΣ /ƘŀƳōƻƴ Ŝǘ ŀƭΦΣ нлнлΤ DŜƴǘǎŎƘ Ŝǘ ŀƭΦΣ нлмнΤ YŀƛǎŜǊ ϧ {ŎƘǸǘȊπ.ƻǎōŀŎƘΣ нлмуΤ aƻƻǊŜ 

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; 

YŀƛǎŜǊ ϧ {ŎƘǸǘȊπ.ƻǎōŀŎƘΣ нлмуΤ {ƛŘŀǊǳǎ Ŝǘ ŀƭΦΣ нлмтōύ. Conversely, others manipulate cognitive 

cues related to an actionΣ ŦƻǊ ŜȄŀƳǇƭŜ ōȅ ǾŀǊȅƛƴƎ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŎƘƻƛŎŜ ŀǳǘƻƴƻƳȅ ŀŎǊƻǎǎ 

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 

ǎƛƴƎƭŜ ƛǘŜƳΣ ǘǊŜŀǘƛƴƎ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǊŜǎǇƻƴǎŜǎ ŀǎ ŀ Ǝƭƻōŀƭ ƛƴŘŜȄ ǿƛǘƘƻǳǘ ŘƛǎǘƛƴƎǳƛǎƘƛƴƎ ǿƘƛŎƘ 

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 

όYŀƛǎŜǊ ϧ {ŎƘǸǘȊπ.ƻǎōŀŎƘΣ нлмуΤ ōǳǘ ǎŜŜ YƭŀŦŦŜƘƴ Ŝǘ ŀƭΦΣ нлмфύ. 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 ǘƘŜ ōǊŀƛƴΩǎ ǊŜǎǇƻƴǎŜ ǘƻ 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 όYŀƛǎŜǊ ϧ {ŎƘǸǘȊπ

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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YŀƛǎŜǊ ϧ {ŎƘǸǘȊπ.ƻǎōŀŎƘΣ нлмуύ 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 ς 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 (MF᷆ ) power is typically stronger for negative 

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

feedback-related MF᷆  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 MF᷆  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 MF᷆  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 MF᷆  

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 MF᷆  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 MF᷆  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 

MF᷆  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 MF᷆  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; 

DŜƴǘǎŎƘ Ŝǘ ŀƭΦΣ нлмрΤ IŀƎƎŀǊŘ Ŝǘ ŀƭΦΣ нллнΤ IǳƎƘŜǎΣ нлмрΤ YŀƛǎŜǊ ϧ {ŎƘǸǘȊπ.ƻǎōŀŎƘΣ нлмуΤ 

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 ōȅ ǾŀǊȅƛƴƎ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŦǊŜŜŘƻƳ ƻŦ ŎƘƻƛŎŜ 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. 
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