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Chapter 1

Introduction
Everyday life is full of moments of action. Out of a large array of
response-options, we can select one in order to achieve an outcome. We can
decide to push one of two buttons to order the elevator to come down. We
can dial a string of numbers on the phone in order to talk to a friend. And
we can make a joke in a specific context to make others laugh (or angry). In
such instances, most people feel that they are in charge, and hence can and
do act autonomously. We share the experiences and belief that we cause our
own actions and their following outcomes. These seemingly free choices
about how to act are often accompanied by the feeling of intentionality and
control, which has been referred to the sense of agency (Aarts, Custers, &
Wegner, 2005; Aarts & van den Bos, 2011; Haggard & Tsakiris, 2009;
Wegner & Wheatley, 1999). The present thesis deals with the sense of
agency, and especially the mechanisms that shape people’s experiences and
beliefs to be in control of their own behavior and resulting effects.
The sense of agency is key to goal-directed behavior in interaction
both with humans and machines, and hence, self-control and wellbeing
(Bandura, 1989; Gallagher, 2000; Welzel & Inglehart, 2010). As a more
socially reflective construct, the sense of agency is central to endow people
with the ability to actively take part in society (‘citizen empowerment’),
constitutes the basis for causal blaming or judgment of responsibility, and,
finally, the understanding of moral behavior (Christensen, Yoshie, Di Costa,
& Haggard, 2016; Frith, 2014; Haggard & Tsakiris, 2009; Moretto, Walsh,
& Haggard, 2011). Given its implicit and pre-reflective nature, the sense of
agency appears natural to most people (Haggard, 2017). However, any
impairment in the sense of agency has downstream consequences that can
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have far-reaching implications for the individual’s functioning in society, as
demonstrated by psychiatric syndromes involving agency disturbances, such

1

as the alien hand syndrome and schizophrenia (Franck et al., 2001; Frith,
Blakemore, & Wolpert, 2000; Jeannerod, 2009; Renes, Vermeulen, Kahn,
Aarts, & van Haren, 2013).
Although the sense of agency is pervasive in human experiences and
has important implications in social life, it is not a complete ‘reproduction’
of the objective reality and does not necessarily support the facts of agency
(David, Newen, & Vogeley, 2008; Moore & Fletcher, 2012; Wegner, 2002).
There are many instances in which people feel that they have control over
situations that are actually determined by chance (e.g, gambling). Besides,
people often have the tendency to attribute positive outcomes of their
actions to themselves and negative outcomes to other possible causes
(Shepperd, Malone, & Sweeny, 2008). This indicates that agency
experiences are a product of the mind, and thus are fallible and do not match
the fact of agency and action (Wegner, 2002).
The concept of agency has a long history in philosophy and still
remains an important and timely topic (De Vignemont & Fourneret, 2004).
Over the past few decades, the notion and issues about the nature of agency
have also attracted interest in other research areas including psychology and
cognitive neuroscience (David et al., 2008; Sperduti, Delaveau, Fossati, &
Nadel, 2011). Based on this theoretical and empirical literature, the present
dissertation examines the key components that have been isolated to
understand how brain, cognition, and behavior interact in the generation of
the sense of agency. Specially, it tests the role of action selection in shaping
and modulating agency experiences. Action selection is key to the control of
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Chapter 1

behavior. Selecting an action and deciding what to do might be an easy and
fluent process, and thus has been linked to the sense of agency. Before I will
outline the remaining part of the present dissertation, I will briefly introduce
the theoretical and empirical background on which the current thesis builds.
Multiple components of the sense of agency
The sense of agency is not a unified concept but is considered to
consist of multiple components and different processes (Gallagher, 2000,
2012). As Synofzik and colleagues (2008) pointed out, there has been a
large heterogeneity in both the conceptual understanding and experimental
testing of agency, and they proposed two distinctive levels of the sense of
agency: the feeling of agency and the judgment of agency (Synofzik,
Vosgerau, & Newen, 2008). The feeling of agency is described as prereflective, low-level, and non-conceptual. The judgment of agency, on the
other hand, refers to the high-level, conceptual, and interpretative agency
judgment. Correspondingly, the pre-reflective or implicit agency measures
include phenomena such as sensory attenuation and intentional binding
(Synofzik, Vosgerau, & Voss, 2013). Sensory attenuation refers to the
situation where the intensity of the sensory stimulus caused by human
voluntary actions is attenuated compared to external-triggered actions
(Blakemore, Wolpert, & Frith, 2000). For example, self-produced touch and
speech are associated with decreased tactile and auditory sensations,
respectively. The fact that self-produced touch attenuates tactile sensations
has been used to explain why it is difficult for us to tickle ourselves
(Blakemore et al., 2000). Intentional binding refers to the temporal
contraction between voluntary actions and their following sensory effects
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(Haggard, Clark, & Kalogeras, 2002; Moore & Obhi, 2012; see Figure 1.1).
That is, when acting intentionally to produce an effect, actions are perceived

1

as occurring later than they actually do, while the action-effect is perceived
as occurring earlier. For instance, pushing a key on the piano might cause
one to “hear” a tone earlier than in reality.

Figure 1.1. Illustration of the intentional binding paradigm. (A) In each
task, participants reported either the onset time of the finger movement or
the tone, indicated by the question marks. In operant tasks (Operant-M and
Operant-T), a voluntary movement causes the occurrence of a tone 250 ms
later. In baseline tasks, participants either just make a voluntary movement
(Baseline-M) or hear a tone (Baseline-T). (B) Action binding means the
time perception of the movement is shifted towards the tone in operant-M
than in baseline-M; effect-binding means the time perception of the tone is
shifted towards the movement in operant-T than in baseline-T. From Jo, H.
G., Wittmann, M., Hinterberger, T., & Schmidt, S. (2014). The readiness
potential reflects intentional binding. Frontiers in human neuroscience, 8,
421. Copyright 2014 Jo, Wittmann, Hinterberger and Schmidt. Reprinted
with permission.

The explicit conceptual level of agency includes measures of selfreport on experienced control or causality. For instance, participants are
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asked to specifically indicate whether (or to what degree) it was they
themselves or other agents (e.g., the computer/the confederate) that caused
an event to happen (Aarts et al., 2005; Damen, van Baaren, & Dijksterhuis,
2014; Sato & Yasuda, 2005; Wegner, Sparrow, & Winerman, 2004). Such
conscious retrospective report of causal ascription offers a window to the
persons’ feeling of who caused what at which moment. Furthermore, as a
more holistic assessment of agency people might be asked to report how
much control they feel over their action or the outcome that was triggered
by the action (Chambon, Wenke, Fleming, Prinz, & Haggard, 2013; Nahab
et al., 2010; Sidarus & Haggard, 2016; Wenke, Fleming, & Haggard, 2010).
Although it has often been assumed that the mechanisms underlying
the two levels of sense of agency (i.e. implicit and explicit) maybe
intertwined, how the two levels of sense of agency exactly interact with
each other is not clear yet (David et al., 2008; Lynn, Muhle-Karbe, Aarts, &
Brass, 2014). Previous empirical work showed that the two levels of agency
are related as well as dissociable depending on the specific context (Dewey
& Knoblich, 2014, Ebert & Wegner, 2010; Saito, Takahata, Murai, &
Takahashi, 2015; Berberian, Sarrazin, Le Blaye, & Haggard, 2012). For
example, it has been shown that the action-outcome delay decreased both
the intentional binding effect and the self-reported judgments about agency
(Ebert & Wegner, 2010). Moreover, the two components seem to be
correlated in a task that gradually decreases the level of actual control, such
as in an aircraft supervision task with different autopilot settings (Berberian
et al, 2012). While these studies indicate that the feeling of agency and the
judgment of agency are related, others provided evidence for a dissociation
between implicit and explicit agency. A study employing a joint-action task
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(requiring two persons to independently coordinate the selection and
execution of their action to achieve a joint goal; Strother, House, & Obhi,

1

2010) showed that agency judgments were affected by prior knowledge
about who was the initiator, while temporal binding was not influenced by
this information (Obhi & Hall, 2011). Given the equivocal status of the
relationship between implicit and explicit components of agency, it is
important to further examine their relationship in different agency settings
that pertain the voluntary and involuntary control of behavior.
How does the sense of agency emerge?
Whereas the implicit and explicit components of agency provide
information about how to assess and measure the sense of agency, equally
important is to understand how the sense of agency emerges in the first
place. There have been two influential accounts for how the human mind
generates the sense of the agency: the comparator model and the cognitive
inference account (David, 2012; David et al., 2008). In the following section,
I will address these two main theories of sense of agency.
The comparator model of self-agency
The sense of agency is primarily accounted for by the comparator
model, which has been derived from the sensorimotor control theory
(Blakemore, Wolpert, & Frith, 1998; Miall & Wolpert, 1996; Wolpert &
Kawato, 1998). According to the comparator model, when one acts
voluntarily, an efference copy of the motor command is generated and will
be used to predict the sensory outcome of the movement. If the predicted
outcome matches the actual outcome, then the sensory effect will be
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attributed to the self and the intensity of the effect will be reduced. However,
if they do not match, it signals that there may be an external agent causing
the outcome and a feeling of surprise will occur (David et al., 2008; Frith,
Blakemore, & Wolpert, 2000; see Figure 1.2).

Figure 1.2. The comparator model. From David, N., Newen, A., &
Vogeley, K. (2008). The “sense of agency” and its underlying cognitive
and neural mechanisms. Consciousness and cognition, 17(2), 523-534.
Copyright (2008), with permission from Elsevier.

Studies that assess agency effects of intentional binding and sensory
attenuation have supported the comparator model. For instance, Haggard
and colleagues (2002) demonstrated that voluntary actions and their sensory
outcome are perceived as being closer together in time. However, this
temporal binding was reversed for the involuntary actions triggered by
transcranial magnetic stimulation (TMS) implemented across the motor
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cortex. Apart from the distorted time perception, voluntary movements
compared to passive movements also reduce the intensity of the stimulus. A

1

previous study examining self-produced tactile stimulation found that when
there was a spatial or temporal discrepancy between the participants’
prediction and the actual sensory feedback, an increased feeling of
ticklishness was produced (Blakemore et al., 2000). Because of their
support for the comparator model, intentional binding and sensory
attenuation are steadily used to examine implicit components of the sense of
agency (Hughes, Desantis, & Waszak, 2012; Moore and Obhi, 2012).
Although the comparator model is predominant in agency research,
it has at least two limitations (Synofzik et al., 2008; Christensen &
Grünbaum, 2018). Firstly, the motor predictions work in a relatively short
time interval. For instance, the intentional binding effect rapidly reduces or
even vanishes, as the time interval between the movement and the effect
increases (> 450 ms, e.g., Haggard et al., 2002). Secondly, the motor
predictions have a low accuracy of detecting mismatches and lead to fallible
agency judgments in ambiguous situations. For example, in a self-causing
action recognition study which used a task that asked subjects to draw a line
with a pencil on a piece of paper depending on the feedback from a
computer screen without seeing their hands, participants attributed visible
movements to themselves even when there were fairly large deviations from
their real movements (Daprati & Gentilucci, 1997; Farrer, Franck, Paillard,
& Jeannerod, 2003; Fourneret & Jeannerod, 1998).
The cognitive inference account of self-agency
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In order to make sense of the limitations of the comparator model,
researchers have proposed an additional model to understand how the sense
of agency arises in the context of ambiguity and time delays between action
and outcomes. Specifically, building on the suggestion that causality cannot
be directly observed but needs to be inferred (Hume, 1888), Wegner (2002)
proposed that experiences of agency arise as a result of causal inferences
between thoughts and actions (Wegner & Wheatley, 1999). Particularly,
Wegner (1999, 2002) has proposed that the feeling of causing an action
arises from a reasoning process based on three principles: priority (thoughts
precede actions), consistency (thoughts are consistent with actions), and
exclusivity (there are no other agents). Based on the inference account, a
sense of self-agency is reconstructed after the outcome has occurred. Prior
cognitive thoughts, background beliefs, and intention-outcome matching
processes are key factors for inferring self-agency.
This reconstructive thinking effect on the experiences of agency has
been initially supported by a study of Wegner and Wheatley (1999) in
which they asked participants to stop the rotation of the cursor of a mouse
such that it would point at a certain object on the screen. The stopping on
the object could have been caused by their own movements or by an
external cause. They demonstrated how a false sense of agency over actions
(e.g., stopping the cursor on a red car) was generated within a person when
this person was pre-exposed to the object associated with the action
outcome. Other studies also found such priming effects on the sense of
agency in situations where the relationship between cause and effect is
ambiguous and action-outcome primes are activated in people’s minds just
before they act and see the outcome (Aarts et al., 2005; Aarts & van den
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Bos, 2011; Damen et al., 2014; Renes et al, 2013; Ruys & Aarts, 2010; van
der Weiden, Aarts, & Ruys, 2010; van der Weiden, Ruys, & Aarts, 2013;

1

Wegner, Sparrow, & Winerman, 2004).
Despite that the two agency accounts differ and address distinct
processes, it should be noted that the inferential account and the comparator
model are not necessarily in conflict. The Central Nervous System (CNS) is
argued to integrate a variety of cues in an optimal way to build the most
reliable agency representation (Moore & Fletcher, 2012). Thus both the
internal cues related to the sensorimotor process and the external cues from
the cognitive inference process contribute to agency experiences. The
weight of each cue depends on its availability and reliability (Moore, 2016).
In line with this notion, previous empirical studies offered evidence that
supports the basic ideas of cue integration: Both the prior thoughts and the
internal motor prediction contribute to the sense of agency, based on their
relevance and reliability to shape a sense of agency (Desantis, Roussel, &
Waszak, 2011; Dogge, Schaap, Custers, Wegner, & Aarts, 2012; Moore &
Haggard, 2008; Moore, Wegner, & Haggard, 2009; Wen, Yamashita, &
Asama, 2015). For instance, when the sensorimotor signal is noisy or weak,
the implicit sense of agency can be overridden by the external situational
cues or prior thoughts (Synofzik et al., 2013).
The present dissertation: The role of action selection in self-agency
Previous agency research mainly focused on how people arrive at
the sense of agency as a result of monitoring the achievement of actionoutcomes (Chambon, Sidarus, & Haggard, 2014; David et al., 2008; Zalla &
Sperduti, 2015). It is important to note, though, that action outcome
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information is not the sole source to shape the sense of agency (Figure 1.3).
A considerable and important part of voluntary control of behavior deals
with the way in which actions need to be selected and executed, which
emphasizes the role of online-monitoring processes in producing cues for
agency experiences (Chambon, Wenke, Fleming, Prinz, & Haggard, 2013;
Haggard & Chambon, 2012; Wenke, Fleming, & Haggard, 2010).
Accordingly, researchers have recently started to examine how action
control processes are related to agency experiences in situations in which
action selection is either easy or difficult.

Figure 1.3. Schematic representation of mechanisms involved in the
sense of agency. The sense of agency could emerge at the aspect of (1)
action selection processes that include selecting between alternative
actions and action preparation; (2) outcome monitoring processes that
include the match between the motor/non-motor prediction and the actual
outcome. From Chambon, V., Sidarus, N., & Haggard, P. (2014). From
action intentions to action effects: how does the sense of agency come
about?. Frontiers in human neuroscience, 8, 320.
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The general strategy in this research is to bring participants in a
situation of response conflict. For example, by using a response priming

1

paradigm, Wenke and colleagues (2010) presented participants with a left
arrow on the computer screen that was directly followed by a right arrow
that required them to push the right key. The idea here is that the arrow
primes the left key, which interferes with the correct response option, the
right key, and thus produces a less fluent response selection process. Other
tasks that have been used for manipulating response conflict are the Flanker
task (Eriksen & Eriksen, 1974) and the Stroop task (Stroop, 1935). The
general finding in studies using these tasks is that agency experiences are
weakened when action selection is more difficult. These effects are
commonly explained by a metacognition account: The response conflict
creates an instant experience of fluency, such that this experience can be
used as a metacognitive cue to arrive at the sense of agency during action
selection and/or execution. Response conflict leads to less fluency, which is
a cue for reducing the sense of agency.
Although interesting and informative, two major issues plague
previous studies on the relationship between response selection and the
sense of agency. First, whereas the fluency effects on agency can be
explained in terms of the response conflict, the tasks that have been used so
far do not rule out other conflict processes that do not directly address the
response system. For example, in the response prime task, the successively
presented arrows to the left and right directly prime the perceptual
representation of left and right, and hence, conflicts might occur on the level
of perception or cognition (Wang, Damen, & Aarts, 2018). Accordingly,
this dissertation aims to address this issue by using a task that directly
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targets response conflict and by applying insights from action sequence
effects to better understand how response conflict contributes to the sense of
agency.
The second issue with the current research on response conflict and
sense of agency pertains to the evidence for fluency effects on experiences
of agency on measures of the judgment of control. Whereas these measures
are able to tap into the explicit nature of agency, they do not allow us to
conclude that response conflict impinges on a more implicit level of agency.
Understanding the role of response conflict and fluency in the pre-reflective
part of agency is important, as they may demonstrate whether and how
action selection undermines the sensorimotor processes that give rise to
agency feelings. Disruptions in these processes could potentially be
overruled by a more explicit link with cognitive cues of fluency, and as such
prevent damage to the experienced agency and downstream consequences.
An overview of the methodology to investigate the role of action
selection in self-agency
In this dissertation, I will use the Simon task as a model of action
control that allows me (1) to manipulate and examine response conflict
directly, (2) to examine action sequence effect to shed more light on the role
of action experiences in the sense of agency, and (3) to test how delayed
actions influence the sense of agency in conflict situations. The Simon task
(Simon & Rudell, 1967; Simon & Small 1969) is a stimulus-response (S-R)
compatibility task to examine the sensorimotor control process during
action selection (Hommel & Prinz, 1997). The Simon task has extensively
been used to investigate the self-control process of behaviors. In this task,
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participants are presented with different sounds in the left or right ear and
are instructed to select two alternative actions (e.g., press a left or right key)

1

depending on the pitch of the sound (see Figure 1.4). Thus, response
conflict occurs from two different sources: the spatial information of the
sound (left and right) and the pitch of the sound (low or high). Reaction
times are faster and responses are more accurate when the sound and the
response are compatible in space compared to the incompatible condition,
which has been termed as the Simon effect.

Figure 1.4. The design of Simon & Small, 1969 (left) and the theoretical
implications (right). In the task (left), participants press a left key to a low
sound presented on the right side. This implicates a response conflict (right) as
the location of the sound activates a right response which is in conflict with the
correct left response. From Hommel, B. (2011). The Simon effect as tool and
heuristic. Acta psychologica, 136(2), 189-202. Copyright 2010, with
permission from Elsevier.

Present accounts of the Simon effect assume that an automatic
response-activation of the irrelevant stimulus location is formed and that
this automatic process either facilitates or interferes with task-relevant
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processing at response-related stages (for a review, see Lu & Proctor, 1995).
When the location of the stimulus (e.g., left ear) is incompatible with the
demanded response (e.g., low pitch = right key press) location (incongruent
trials), participants have to suppress the prepotent response towards the
stimulus location (e.g., left) and instead select the opposite response as
required. A crucial step involved in performing this task is solving the
response conflicts by aborting the reflexive, automatic response tendency
and executing the correct response. This self-controlled process is timeconsuming and leads to longer reaction times, and less accuracy. However,
when the stimulus location activates the same response as the required
response (compatible trials), the initiation of the movement is faster and
relatively more automatic compared to the incongruent trials (De Jong,
Liang, & Lauber, 1994; Hommel, 1997; Kornblum, Hasbroucq, & Osman,
1990).
It is insightful that present accounts of the Simon effect specified the
parallel automatic processing route and the voluntary S-R translation route.
Additionally, it has been pointed out that the changes in the activation of the
response routes over time in the sequential context allows for new intriguing
predictions (Burle, Possamaï, Vidal, Bonnet, & Hasbroucq, 2002; Hommel,
2011). Thus, the Simon task offers a suitable tool to induce automatic or
easy response selection (compatible/congruent trials) versus more selfcontrolled or difficult response selection (incompatible/incongruent trials),
as well as the temporal dynamics of the selection process.
Building upon the previous research development, the present
dissertation aims to further investigate the role of action selection processes
in generating the sense of agency. Specifically, it will test how action
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selection conflict influences the implicit sense of agency (employing the
intentional binding paradigm) and how action conflict control influences

1

explicit feeling of agency (by using judgment measures). In addition, it also
aims to explore how agency experiences fluctuate as a function of
sequential effects of action control (i.e.. moving from one action selection to
the next one), and how conflict resolution modulates agency experiences
under different time windows of response release (e.g., executing the
selected response after a short or long delay).
Overview of the remaining part of the present dissertation
Chapter 2 presents a more in-depth analysis of the relationship
between action selection, response conflict and the sense of agency. It thus
addresses the prospective aspect of agency by scrutinizing how the online
monitoring process before and during the action selection affects explicit
and implicit experiences of agency, and how response conflict influence
agency experiences over time. This chapter also aims to integrate and
discuss the empirical data of the present dissertation in the context of
existing agency research and addresses a few unresolved issues, and
directions for future research.
Chapter 3 examines how self-control and stimulus-driven action
selection influences the implicit sense of agency. Previous studies testing
the role of action selection in the sense of agency showed that fluent action
selection was associated with a stronger sense of agency compared to
disfluent action selection (Chambon et al., 2014; Wenke et al., 2010).
Though those studies provided rich evidence of the action fluency effect on
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the explicit judgment of action, it is not known yet whether and how the
implicit sense of agency is modulated by action conflicts. Moreover,
previous research often accounts for the relationship between action
selection and agency in the action fluency framework. However, it is hard to
explain another significant agency cue - the sensation of effort, which is
suggested to be an internal cue to distinguish self-generated actions and
external-trigged actions (Demanet, Muhle-Karbe, Lynn, Blotenberg, &
Brass, 2013). This cue also contributes to the implicit sense of agency
shown in previous research (e.g., in applied situations, see Berberian et al,
2012) and it may be a potential factor influencing the implicit sense of
agency in conflict situations as well (see chapter 2 and 3 for details).
In the present chapter, the Simon task is integrated with the
intentional binding paradigm, which is often used as the implicit measure of
sense of agency (Moore & Obhi, 2012). Two competing hypotheses are
formulated: Fluent action selections increase the temporal binding effect
compared to the incongruent action selections as a result of applying a
metacognitive cue of fluency. Alternatively, the incongruent action
selections result into effortful perceptions, which in turn lead to a stronger
implicit agency than the congruent action selections. In three experiments,
the results showed a strong intentional binding effect even when the action
selection was strictly dictated by the external stimulus. However, no reliable
difference was found between the congruent condition and the incongruent
condition on the implicit agency measure. These findings suggest that,
whereas previous research indicates that response conflict influences the
explicit agency judgment, it does not show up for implicit measures of sense
of agency, indicating that response conflict may modulate explicit agency

16328-Wang_BNW.indd 24

15-03-19 16:29

|

25

and implicit agency in different ways. In doing so, the study indirectly
supports the multifactorial account of agency.

1

Chapter 4 tests the effect of action conflict in a more confirmative
way and explores whether post-conflict action selection modulates agency
experiences. In S-R compatibility tasks that previous studies used to
introduce action selection conflict, the compatibility effects have often been
accounted for by the combination of stimulus conflicts and response
conflicts (Hommel, 2011; Lu & Proctor, 1995). Therefore, it cannot
exclusively prove the role of action conflict in agency experiences. In
addition, previous studies focused on the conflict in general (Chambon et al.,
2014; Sidarus & Haggard, 2016; Wang, Damen, Aarts, 2017; Wenke et al.,
2010), and it is not known how temporal dynamics of information
processing influence agency experiences. That is, the subsequent changes in
the selection process over trials may modulate agency experiences. In the
present study, the Simon task is employed to manipulate the action selection
processes in order to further examine the role of action sequences of conflict
situations in explicit experiences of agency.
The results of two studies replicate previous findings of action
selection fluency effects on the experienced agency, which provides solid
evidence that the response conflict undermines the agency experiences
considering that the Simon effect occurs in the action selection stage. More
interestingly, the data revealed a sequential congruency effect on the
experiences of agency. The congruency effect (representing the degree of
response conflict) on the agency judgment was smaller following
incongruent trials than following congruent trials. These findings extend
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previous work by showing that the effect of response conflict on agency can
be influenced by previous action selection. If previous action selection is
tough (and experiences agency is weak), the subsequent difficult action
selection event handled with more ease and shapes a stronger sense of
agency. The reverse is true when the previous action selection event is easy.
The studies thus provide important implications for arguing that internal
consistency (actual action selection) and processing fluency (experienced
action selection) are significant factors to maintain a strong and reliable
sense of agency. Whether changes in the internal consistency during
sequential action selections either depend on a high level process of conflict
monitoring or a low level process of episodic memory (the consistency of
the successive stimuli features) needs further investigations in future studies.
Chapter 5 moves a step further by addressing whether and how
delayed responses relate to the sense of agency. Humans do not merely
respond to the sensory stimulus that is immediate and salient. People plan
their actions and wait till the proper moment is there to then implement their
action in a swift way. For instance, while standing for a red traffic light, a
driver usually prepares for action to when the light turns green (pumping the
throttle). Thus, rather than reacting to the external environment impulsively,
people maintain goal-relevant information in memory and act in an optimal
way (Miller, 2000). The capacity of withholding premature responses and
sustaining relevant information in mind is important in successful goal
pursuit (Buckley, Cohen, Kramer, McAuley, & Mullen, 2014; Ridderinkhof,
Van Den Wildenberg, Segalowitz, & Carter, 2004). Previous research on
the relationship between action selection and the sense of agency focused on
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the situation people have to act immediately and ignored how the delayed
responses influence the sense of agency. In delayed responses, people may

1

have more time to organize goal-relevant information and responses,
meanwhile, maintain the correct response and inhibit premature responses.
How this voluntary control process influences the subjective experiences of
agency remains elusive. Chapter 5 presents a set of experiments to further
explore this issue.
By and large, the findings yield two effects: (1) delaying actions
increases the speed of responding, indicating that preparing for action helps
to act fast; and (2) delaying actions reduced the Simon effect (i.e., response
conflict) on the speed of performance as well as the experience of agency.
An additional experiment partly replicated these effects, and also showed
that the reduced Simon effect on agency experiences was not due to the
mere act of preparing and holding an action. It is the delay of responding
after response conflict that seems to offer subjects a break in order to
respond fluently with a stronger sense of agency.
I wish to note that the empirical chapters (3-5) in this thesis have
been written separately and can be read independently of each other as a
scientific journal article. This means that some overlap in content is possible
across the chapters.
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Beyond action-outcome associations:
The role of action selection in agency
experiences
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Abstract
In everyday life, most people experience self-agency over their behavior.
Whereas several accounts have underlined the action outcome monitoring
process as the central mechanism of self-agency, recent developments in the
agency research emphasize the action selection process as a predictor of
agency experiences. This chapter reviews the research on action selection
conflict and the sense of agency, and discusses the findings observed in
several studies in the context of a more general understanding of the role of
the intention-action-outcome chain in action control and the sense of agency.
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Human behavior is goal directed. People decide to obtain a desired
outcome, carefully select, prepare and execute their action, and closely
monitor whether the desired goal is achieved. A large portion of people’s

2

goal-directed actions is executed repeatedly and forms the basis of
(in)formal rules and norms in society. For instance, people may have coffee
in the morning and tea in the afternoon; they drive their cars to work; they
go to friends to reveal their heart and debate with colleagues to make a point.
Typically, whereas most of these routine behaviors involve complex
sensorimotor control processes in order to realize goal achievement, much
of the functioning of the sensorimotor system occurs without people’s
awareness (Blakemore, Wolpert, & Frith, 2002; Desmurget & Grafton, 2000;
Fourneret & Jeannerod, 1998; Haggard, 2017; Miall & Wolpert, 1996;
Shadmehr, Smith, & Krakauer, 2010; Wolpert & Kawato, 1998).
Nevertheless, with rather limited information about their current
actions, most people consider themselves in control of their actions and feel
that through them they can impact or change the external world. This
feeling that one has caused one’s own actions and the subsequent effects is
referred to as a sense of agency (Aarts, Custers, & Marien, 2009; Aarts,
Custers, & Wegner, 2005; Jeannerod, 2009; Wegner & Wheatley, 1999).
The sense of agency is a basic feature of self-perception and plays a crucial
role in human life (Gallagher, 2000; Moore, 2016). People often believe that
they have the capacity to exercise control over events that affect their lives,
and the changes in the agency experiences are important indices of human
health and well-being (Bandura, 1977; Frith, Blakemore, & Wolpert, 2000).
Besides the self-regulatory functions, the sense of agency has strong
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implications in moral responsibility, which is the prerequisite for a wellfunctioning society (Frith, 2014; Moretto, Walsh, & Haggard, 2011).
Over the last two decades, the way people arrive at the sense of
agency has received much theoretical and empirical attention (Braun et al.,
2018; David, Newen, & Vogeley, 2008). Most of the past research
addresses the role of outcome matches as a key to people’s sense of agency:
If people set a goal that they want to attain, and their actions lead to it, sense
of agency occurs as a result of a match between the set goal and the actual
attainment (e.g., van der Weiden, Aarts, & Ruys, 2013). Furthermore, such
outcome matching effects on experiences of agency occur on an implicit
level as well as an explicit level, as revealed by implicit and explicit
measures of agency. Whereas outcome matches are an important source to
arrive at the sense of agency, recent research suggests that the way people
select and enact their actions to attain goals has an independent contribution
to the sense of agency (Chambon & Haggard, 2012; Chambon, Moore, &
Haggard, 2015; Chambon, Sidarus, & Haggard, 2014; Haggard & Chambon,
2012; Sidarus & Haggard, 2016).
In the present paper, we address the action selection process that
precedes outcome matches, in particular, the cognitive processes that
accompany the ease of selecting one action out of multiple ones. We review
the current literature on the role of action selection in the context of
response conflict, and show that response conflict decreases the sense of
agency as a result of experiences of action fluency. We further argue that,
although such experiences might inform people that their actions are less
controllable, the literature is not conclusive about when and how such
fluency modulates people’s sense of agency. Based on our own work, we
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will mainly address (1) whether action fluency affects both explicit and
implicit components of the sense of agency; (2) how the role of action
fluency plays out in sequential action selection situations where people have

2

to act directly after another action; and (3) how fluency as a result of
response conflict affects the sense of agency when people are able to delay
their action after conflict has occurred.
1. Outcome matching and implicit versus explicit components of the
sense of agency
In general, research on the agency experiences over own actions is
dominated by two influential accounts of the sense of agency: the
comparator model and the inference account (Frith et al., 2000; Wegner &
Wheatley, 1999). Both accounts emphasize the importance of the
consistency between the external outcome feedback and the predictions
involved in either the motor system or the non-motor system (Aarts et al.,
2005; Blakemore et al., 2002; Desmurget & Grafton, 2000; Frith et al.,
2000). According to the comparator model, when performing a voluntary
action, the motor command generates an efference copy, which will be used
to predict the sensory outcome of that action. When the actual sensory
outcome matches the prediction, a sense of agency will be produced (David
et al., 2008; Moore & Fletcher, 2012).
This association between actions and outcomes occurring at the
sensorimotor level causes perceptual distortions of voluntary action-effects,
for instance, the phenomena of intentional binding and sensory attenuation
(Hughes, Desantis, & Waszak, 2012; Moore & Obhi, 2012). Intentional
binding refers to the perceived temporal contraction between voluntary

16328-Wang_BNW.indd 33

15-03-19 16:29

34

|

Chapter 2

actions and their following sensory effects (Haggard, Clark, & Kalogeras,
2002; Moore & Obhi, 2012). Temporal binding effect is absent in externaltriggered actions or passive actions (Hughes et al., 2012). Sensory
attenuation refers to situations in which the intensity of the sensory stimulus
caused by human voluntary actions is attenuated compared to externaltriggered actions (Blakemore, Wolpert, & Frith, 2000). For example, selfproduced touch and speech are associated with decreased tactile and
auditory sensations, respectively. Intentional binding and sensory
attenuation are often employed as key proxies of the implicit sense of
agency over voluntary actions (Braun et al., 2018; David et al., 2008).
Whereas the comparator model emphasizes the contribution of the
motor prediction processes, the inference account focuses on the non-motor
prediction processes, and especially how retrospective processing of an
outcome matching event shapes subjective experiences of agency. The
inference account thus suggests that the sense of agency depends on the
inferential “sense-making” process that occurs after the action outcome. If
the action outcome is consistent with the prior thoughts or intentions to
produce the outcome, then agency experiences will be generated. A number
of studies support the inference account. For example, it has been shown
that priming thoughts about the action-outcomes will produce illusory
agency experiences (Aarts et al., 2005; Wegner & Wheatley, 1999).
Furthermore, in social ambiguous situations, that is, when two or more
actors can control the same situation, motor predictions are not sufficient for
people to make explicit assessments of being the cause a certain event. Thus
people may often use conceptual interpretative agency cues such as
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knowledge about action-outcomes to make agency judgments (Desantis,
Roussel, & Waszak, 2011; Synofzik, Vosgerau, & Newen, 2008).

2
2. Action selection and the sense of agency
The two current accounts provide insights into the mechanisms
underlying the sense of agency (Braun et al., 2018; Carruthers, 2012; David
et al., 2008; Frith, 2014; Synofzik et al., 2008). Importantly, both accounts
target the establishment of the sense of agency at a rather late step in the
voluntary action-outcome chain, namely at the point in time when goals are
achieved. However, because both accounts focus on the outcome
monitoring process of goal-directed action, they neglect another important
step in the voluntary action-outcome chain, namely, the internal processes
involved in action selection and initiation. How the action selection control
process influences the sense of agency receives little attention to date.
Action selection is important in generating flexible goal-directed
behaviors (Botvinick, Braver, Barch, Carter, & Cohen, 2001; Ridderinkhof,
Van Den Wildenberg, Segalowitz, & Carter, 2004). For instance, choosing
task-relevant information, inhibiting distractions, and organizing the
processing systems in an optimizing way all, play a vital role in adapting to
the constantly changing environment (Ridderinkhof et al., 2004). When
performing a movement, the online monitoring process of action selection
and preparation may be an important marker for the sense of agency
(Chambon et al., 2014). Specifically, action selection conflict as well as
conflict control processes may profoundly affect the sense of agency, which
in turn affects one’s experiences as an autonomous person.
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Based on these assumptions, researchers have recently proposed that
the internal action selection processes play an important role in the sense of
agency (Barlas, Hockley, & Obhi, 2018; Chambon, Wenke, Fleming, Prinz,
& Haggard, 2013; Haggard & Chambon, 2012; Khalighinejad, Di Costa, &
Haggard, 2016; Sidarus & Haggard, 2016; Sidarus, Vuorre, & Haggard,
2017; Wenke, Fleming, & Haggard, 2010). As action generation processes
occur necessarily before action-outcomes, and are not directly linked to the
outcome monitoring process, they are referred to as the prospective
mechanisms of the sense of agency (Chambon et al., 2014; Sidarus &
Haggard, 2016). Those processes occurring after action-outcomes are
referred to as the retrospective mechanisms of agency (Wegner, 2002). The
online monitoring of action preparation as well as the selection and
initiation processes are considered to be prospective cues influencing the
agency experiences (Chambon et al., 2012, 2014). While the processes
involved in previous theories such as comparator mechanisms and cognitive
inferences are all factors that retrospectively contribute to the agency
experiences (Zalla & Sperduti, 2015). This framework introduces a new
perspective by focusing not only on the action-outcome association but also
on the experience of action selection and control in general (Chambon et al.,
2014).
In line with this view, recent empirical research has started to
disentangle the action selection process from the outcome matching process
in order to assess the contribution of prospective cues (cues that arise when
moving from intention to action) to the sense of agency (Barlas et al., 2018;
Chambon et al., 2012; Haggard & Chambon, 2012; Sidarus & Haggard,
2016; Sidarus et al., 2017; Wenke et al., 2010).
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2.1 Action conflict and the explicit judgment of agency
People move a lot, sometimes in the same context, but often in

2

different situations. In doing so, the changing environment presents them
with many opportunities and choices. In non-conflicting situations, people
tend to choose actions following their own preferences or habits without
paying too much attention or spending effort. Choice conflicts, on the other
hand, demand extra-cognitive resources and are experienced as unpleasant.
This is especially true when one must inhibit an automatically evoked
improper action to select the proper action in order to achieve one’s goals
(Emmons & Kaiser, 1996). For example, a Dutch person who usually drinks
coffee in the afternoon, may need to suppress this action to drink tea during
a visit in the UK. In a similar vein, opening a webpage to search for workrelated documents may be accompanied by suppressing the urge to play
video games or browse social media websites. How do conflicts influence
action selection and agency experiences? One possible answer is that a
smooth flow of intention and movement execution leads to a perception of
fluency and ease of action selection, which in turn may produce a stronger
sense of agency. Action conflict, in contrast, can cause internal
inconsistency and possibly negative affective reactions, thereby reducing
the sense of agency. The notion that action conflict might reduce the
experience of agency has been recently put to the test (Chambon et al., 2012;
Chambon & Haggard, 2012; Chambon et al., 2014; Sidarus & Haggard,
2016; Sidarus et al., 2017; Voss, Chambon, Wenke, Kühn, & Haggard,
2017; Wenke et al., 2010).
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Wenke and colleagues (2010) were one of the first to report this
prospective aspect of the sense of agency by using a subliminal responsepriming paradigm. In their study, participants were asked to press the left or
right key in response to an arrow target. The preceding subliminal arrow
primes were either congruent or incongruent with the following arrow target.
Participants reported more control over the action outcomes on congruent
priming trials compared to incongruent priming trials. The researchers
argued that the subliminal arrows primed action choice tendency, which was
compatible or incompatible with the target response. The ease or fluency of
the action selection is proposed to operate as a metacognitive cue in
generating explicit agency experiences, even though participants had no
awareness that their action selections were affected. Other studies also
demonstrated a strong action fluency effect on the sense of agency after
controlling the performance monitoring process (Chambon & Haggard,
2012; Sidarus et al., 2017).
Apart from the subliminal response prime paradigm, some
researchers have conducted studies that used supraliminal cues to induce
response conflict with stimulus-response (S-R) compatibility tasks, like the
Stroop task (Morsella et al., 2009), Flanker task (Sidarus & Haggard, 2016),
and the action imitation task (Vastano, Pozzo, & Brass, 2017). In these
studies, researchers thus also explored the relationship between action
selection and sense of agency under the action fluency framework
(Chambon et al., 2014). Similar effects were found in these studies:
Stronger agency experiences are associated with fluent action selection,
while weaker agency experiences are linked to disfluent action selection.
Furthermore, another recent study employed the Simon task to confirmed
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that action selection effects on experienced agency are due to response
conflict (Wang, Damen, & Aarts, 2018). Whereas the response priming and
Flanker task might induce a response conflict, it may also be the case that

2

the two different stimuli (letters or arrows) induce a conflict in perceptual
processing before an action needs to be selected. Thus, while the
compatibility tasks include both stimulus (S-S) and response conflicts (R-R),
in the Simon task conflicts occur in the action selection stages (Lu &
Proctor, 1995; Stürmer, Leuthold, Soetens, Schröter, & Sommer, 2002); see
also Hommel, 2011). Wang et al., (2018) were able to establish a solid
Simon effect on performance (speed and accuracy) as well as subjective
judgments of agency: When action selection was easy and fluent, a stronger
sense of agency was generated. In contrast, when action selection was
difficult and not fluent, a weaker sense of agency was generated.
Whereas the relationship between action selection and explicit
agency judgment attracts growing interest, it is still unclear how action
selection modulates the implicit sense of agency. When examining the sense
of agency, it is important to distinguish the implicit from the explicit, as
they have different characteristics (Moore, Middleton, Haggard, & Fletcher,
2012; Synofzik et al., 2008). The implicit sense of agency is the lower level
non-conceptual feeling of being an agent, and are based on sensorimotor
processes that are involved in the preparation and execution stages of action
(Moore, 2016; Synofzik et al., 2008). An important step forward would be
to investigate the prospective mechanism of action (and especially response
conflict) with implicit measures of agency.
2.2 Action conflict and the implicit agency
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There are only a handful of studies that have addressed the role of
response conflict in the sense of agency by using implicit measures
(Berberian, Sarrazin, Le Blaye, & Haggard, 2012; Caspar, Desantis, Dienes,
Cleeremans, & Haggard, 2016; Vastano et al., 2017; Wang, Damen, Aarts,
2017). In a recent study, Vastano et al. (2017) tested the relationship
between action conflict and the intentional binding effect, using an action
imitation-inhibition task and a Stroop-like task. In both tasks, participants
performed compatible and incompatible movements in response to an
external stimulus. For example, in the action imitation-inhibition task,
participants were asked to lift the index finger or the middle finger
depending on the number on the screen while simultaneously observing
finger movements on the computer screen that were either compatible or
incompatible with their own movements. Participants’ finger movements
caused an effect, and they were asked to estimate the time between their
action and the ensuing effect by typing in a number representing the amount
of time that was passed of milliseconds. The results yielded a reduced
intentional binding effect in incompatible compared to compatible
conditions in the task. A similar effect has been reported in a study that
examined action compatibility effects on time estimations of action and
effect in a task were subjects acted compatible or incompatible with robot
hand (Caspar et al., 2016)
However, in another human-machine interaction situation, the
opposite result pattern was found (Berberian et al., 2012). In this study,
participants were asked to perform a rather complex aircraft supervision
task. In order to solve the conflict with the surrounding traffic, the
participants needed to select and execute actions, including making heading
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decisions, implementing the decision, and engaging in the adjusted heading
command. Based on different autopilot settings, the level of automation was
manipulated and implicit sense of agency was measured with the classic

2

Libet task (1985) originally used to measure intentional binding (Haggard et.
al., 2002). The results showed that, although a higher level of automation
led to easy action selection, a decreased temporal binding effect was
produced compared to the lower level of automation condition. The study
indicated that the endogenous action selection control process is crucial for
generating the implicit agency. Moreover, in some cases, the effortful
sensation in the action selection is suggested to function as an internal cue
to inform self-causation of actions and induces a stronger temporal binding
effect (Demanet, De Baene, Arrington, & Brass, 2013). These findings
suggest that effortful actions in response to conflict reduce the implicit
sense of agency (Vastano et al., 2017); however, in certain situations,
effortful actions enhance the implicit sense of agency (Berberian et al., 2012;
Demanet et al., 2013).
One recent study employed the Simon task to test the two seemingly
opposite findings mentioned above (Wang et al., 2017). Wang and
colleagues reasoned that conflict might enhance implicit agency because
people may rely on self-control to overcome conflict or, reduce implicit
agency as a function of the presence of a fluency cue. To ensure that they
targeted response conflict, rather than stimulus conflict, they adapted the
Simon task to measure intentional binding between a selected action and a
resulting tone. The original Libet clock (Libet, 1985) was used to measure
intentional binding. The results showed two solid effects: (1) a classic
Simon effect, showing that participants responded faster and more
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accurately in the congruent trials versus the incongruent trials; (2) a robust
intentional binding effect was observed, showing that participants linked the
action to the resulting tone. However, there was no significant difference in
temporal binding effect between the congruent condition and the
incongruent condition, indicating that the sensorimotor processes typically
involved in the comparator model do not inform implicit agency during
action selection.
Taken together, research on the relationship between action conflict
and the sense of agency suggests that response conflict does not affect the
explicit and implicit component of agency in the same way (Demanet et al.,
2013; Wang et al., 2017, 2018). The literature suggests a reliable effect on
the explicit agency, but a less clear-cut effect on the implicit agency. It is
important to note that both implicit and explicit sense of agency has been
studied for single action events that do not take into account the experiences
in action selection of a previous event. The importance of such sequential
effect seems obvious: People can learn from previous experiences of action
selection and use this knowledge in future action selection events. We turn
to this issue below.
3. Sequential action selection and the sense of agency
When the environment changes, individuals often need to switch
actions (Arrington & Logan, 2004). In a sequence of selections, the
characteristics of actions occurring earlier can influence those occurring
later (Cohen & Rosenbaum, 2011). For instance, repeating the previous task
will be faster than switching to a new one (Kool, McGuire, Rosen, &
Botvinick, 2010). This leads to the question of whether and how changes in
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action selection over time modulate the subjective agency experiences?
Specifically, if the previous action is difficult and people experience less
control, then how does that influence the following action experience?

2

Research on sequential action selection using the distractor
interference tasks found that the effect of task-irrelevant distractors on the
task performance is modulated by the amount of conflict the performer has
just experienced (Egner, 2007, 2014). That is, the congruency effect is
smaller following incongruent trials than following congruent trials. Many
studies using different conflict paradigms (Stroop, Flanker and Simon task)
have demonstrated this congruency sequence effect (CSE), which is also
called the Gratton effect or the conflict adaptation effect (e.g., Duthoo,
Abrahamse, Braem, Boehler, & Notebaert, 2014).
There is a heated debate regarding the processes underlying the CSE
(Duthoo, et al., 2014; Egner, 2007, 2014). The conflict control account
suggests that the CSE is driven by response conflict in incongruent trials
(Botvinick, Braver, Barch, Carter, & Cohen, 2001; Botvinick, 2007;
Clayson & Larson, 2011; Kim & Cho, 2014; Ullsperger, Bylsma, &
Botvinick, 2005; Weissman, Jiang, & Egner, 2014). The detection of
conflict triggers temporal control processes, leading to more attentional
effort to deal with subsequent task-relevant information. Consequently,
incongruent (vs. congruent) trials speed up responses in subsequent
incongruent trials (Botvinick, 2007; Egner & Hirsch, 2005). In contrast, a
compelling feature integration account suggests that this sequential
congruency effect is confounded with the feature repetition effects
(Hommel, Proctor, & Vu, 2004). The sequential modulation is due to the
integration of stimulus-response features, which is stored in the episodic
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memory as an event file; activating one certain feature will automatically
co-activate other features. The CSE is caused by the feature repetition and
alternation effect. According to the feature integration account, high-level
cognitive control processes are not necessary to explain the congruency
sequence effect (Hommel et al., 2004).
Despite the differences, both accounts imply that the brain is a
dynamic system (Egner, 2014) and the previous event influences future
information processing. Previous studies on the fluency – agency link
overlooked the congruency sequence effect on the subjective experiences
(Chambon & Haggard, 2012; Demanet et al., 2013; Sidarus et al., 2017;
Vastano et al., 2017). There is one study that examined this issue (Wang et
al., 2018). In an adjusted Simon task, participants made congruent actions or
incongruent actions, and their actions caused a tone to occur. Participants
were asked to report how much agency they felt over the tone triggered by
their movements. A typical congruency sequence effect on the performance
was found. The congruency effect on the performance was reduced
following incongruent trials than following congruent trials (see Figure 2.2).
Moreover, the results showed a reduced sense of agency on incongruent
compared to congruent trials. Interestingly, this congruency effect on the
agency judgment decreased following incongruent trials compared to
following congruent trials (see Figure 2.1). This effect was replicated in a
second study (Wang et al., 2018). This research indicates that previous
action selection process can modulate agency experiences.

16328-Wang_BNW.indd 44

15-03-19 16:29

|

45

2

Figure 2.1. Panel A shows mean reaction times (RTs) as a function of
current-trial congruency and previous-trial congruency; Panel B shows the
mean error number; Panel C shows mean agency ratings. RTs, errors, and
agency ratings revealed a congruency effect, and this effect was reduced
after incongruent compared to congruent ones. (from Wang et al., 2018).
Error bars show standard errors of the means. CC = congruent trials
preceded by congruent trials; IC = congruent trials preceded by incongruent
trials; CI = incongruent trials preceded by congruent trials; II = incongruent
trials preceded by incongruent trials.
4. Action selection, delayed responses, and the sense of agency
Action selection is complex and consists of different processing
pathways (Brass & Haggard, 2007; Fleming, Mars, Gladwin, & Haggard,
2009; Janczyk, Nolden, & Jolicoeur, 2015). Humans do not merely respond
to the immediate sensory stimulus reflexively, they can also withhold their
impulsive or premature actions and persist to goals (Miller, 2000). The
capacity to maintain goal-relevant information active in memory is
important in successful goal pursuit (Buckley, Cohen, Kramer, McAuley, &
Mullen, 2014). Most previous research on the relationship between action
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selection and the sense of agency employed the distractor interference tasks
in which participants need to react immediately (Morsella et al., 2009;
Sidarus & Haggard, 2016; Wang et al., 2017, 2018; Wenke et al., 2010).
However, in delayed responses, participants have more time to select and
prepare the correct response based on the goal-relevant information in mind
(Wühr, Frings, & Heuer, 2018). How delayed responses influence the
agency experiences remains unknown. Furthermore, previous research on
the relationship between response conflict and the sense of agency often
require participants to react immediately, and the heightened response
conflict reduces the sense of agency (Morsella et al., 2009; Sidarus &
Haggard, 2016; Wang et al., 2018; Wenke et al., 2010). However, giving
people extra time to release them from the immediate conflict situation may
help them to rebuild the disturbed sense of agency. Thus, it is intriguing to
test the effect of delayed responses on agency experiences in conflict
situations.
A recent study examined this issue (Wang, Damen & Aarts,
unpublished manuscript; see Chapter 5). In this study, participants
responded to the Simon stimulus (a voice presented in a single ear) after a
random delay interval (from 0 to 500 ms in steps of 100 ms). Results
showed as the delay interval increased responses became faster and more
accurate. Moreover, the congruency effect on the performance also became
smaller. In line with previous studies (e.g., Wang et al., 2018), this study
also showed a congruency effect on agency experiences. The incongruent
trials were associated with a reduced sense of agency compared to the
congruent trials. This prospective contribution of action selection processes
to the sense of agency is distinct from predicting the outcomes of actions,
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since action outcomes were equally predictable for congruent and
incongruent trials. More interestingly, this congruency effect on
experienced agency disappeared after relatively longer delay intervals
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( > 300 ms), thus following the pattern of the congruency effects on
response time. This effect was replicated in a second study, although the
effects on the experienced agency as a function of delay intervals were less
clear-cut.
This study is consistent with previous proposals that the sense of
agency depends on a prospective component related to action selection
(Chambon & Haggard, 2012; Sidarus & Haggard, 2016; Sidarus et al., 2017;
Wenke et al., 2010). Action selection monitoring can detect conflicting
intentions and signal a loss of agency (Sidarus et al., 2017; Wenke et al.,
2010). Importantly, online monitoring processes can also detect the change
of conflict over time. In long delay intervals, the decay of response
activation of distractors causes a significant reduction of response conflict.
When given more time (with relatively longer delay intervals) to become
released from immediate and “hot” conflict, the sense of agency increases
accordingly. The idea that response delay buys people time to eliminate the
role of conflict has been suggested before (Megan & Cohen, 2005;
Schrobsdorff, Ihrke, Behrendt, Hasselhorn, & Hermann, 2012).
It is important to note that agency experiences did not show a clear
main effect of delay, whereas such effect was clearly present on
performance (response time and error). The difference between performance
and the agency experiences in the congruent condition suggested that better
performance does not necessarily contribute to the agency experiences
(Sidarus et al., 2017; Wang et al., 2018; for a possible link between
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performance feedback and agency, see Bandura, 1977). Although response
preparation facilitates the performance, holding or maintaining the response
for a longer time does not appear to be a very satisfactory experience nor
does it enhance the sense of agency.
In summary, agency experiences rely on the action monitoring
process and internal conflict weakens the judgment of agency while the
sense of fluency and consistency strengthens the judgment of agency. With
relatively longer delay intervals, conflict may be reduced largely by the
decay of responses to the stimulus location, and the reduction of conflict
results in enhanced agency experiences. When there is no conflict, delaying
the fluent action selection processes may be an instance of difficult
processing, which would not bring positive effects on the sense of agency.
5. General discussion and conclusion
People involve in goal-directed actions. Most of the times, these
actions are accompanied by experiences of agency: It is me who is doing it
(Wegner, 2002). The sense of agency thus is key to action control. In the
intention-action-outcome chain, not only does the outcome monitoring
process affect the experience of agency (Chambon et al., 2014; Haggard,
2017), but also action selection plays a crucial role in shaping and
modulating the sense of agency (Chambon & Haggard, 2012; Wang et al.,
2017, 2018). In the present paper, we reviewed the literature and observed a
set of interesting findings. First, a strong sense of agency is associated with
fluent and non-conflicting action selection. In contrast, response conflict
decreases the sense of agency (Sidarus & Haggard, 2016; Wenke et al.,
2010). Second, these effects mainly turn up for the explicit component of
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agency, whereas the effects on the implicit component are less
straightforward. Third, agency experiences after response conflict seem to
be sensitive to previous experiences: previous encounters of conflict render
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subsequent difficult action selection more fluent, and increase the sense of
agency. Fourth, delaying one’s own response after conflict reduces the
effect of conflict and increases experiences of agency. In sum, then, agency
experiences result from several steps in the intention-action-outcome chain,
and takes into account the moment and timing of response conflict that are
important for subsequent action control.
The current literature points to the important role of the dynamics of
action selection processes in the sense of agency: Action conflict reduces
the sense of agency, whereas action fluency increases the sense of agency
(Sidarus & Haggard, 2016; Sidarus et al., 2017; Wenke et al., 2010). When
the fluency or ease of action selection changes over time, the sense of
agency could be modulated accordingly (Wang et al., 2018). Despite the
clear findings on the relationship between action selection conflict and the
sense of agency, several important questions remain that call for further
investigation.
First, the evidence supporting that action conflict reduces the sense
of agency mainly focused on the explicit component of agency (Chambon et
al., 2012; Sidarus & Haggard, 2016; Wang et al., 2018; Wenke et al., 2010).
However, there is still no consensus on whether and how action conflict
influences the implicit sense of agency (Wang et al., 2017). In addition,
there is currently no research on the effect of action changes and action
preparation on the implicit sense of agency. As such, future studies testing
the relationship between action selection and the sense of agency need to
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use two levels of agency, which will be useful for clarifying the nature of
the sense of agency. For example, the availability and reliability of agency
cues can vary in different contexts, so the effects of those cues on the sense
of agency may change (De Vignemont & Fourneret, 2004; Dewey &
Knoblich, 2014; Moore, 2016). This may explain why response conflict
affects the explicit sense of agency, but not the implicit sense of agency,
because the latter effect relies on a more precise sensorimotor process that is
easily disturbed (Wang et al., 2017). Consequently, addressing the dynamics
of agency cues might be helpful to understand how these cues are weighed
and contribute to the multicomponent nature of the sense of agency (Moore,
Middleton, Haggard, & Fletcher, 2012; Synofzik et al., 2008).
In a related vein, in most of the studies on the action selection agency link as part as human goal-directed behavior, the value of outcomes
is fixed (Haggard & Chambon, 2012; Sidarus & Haggard, 2016; Sidarus et
al., 2017; Wenke et al., 2010). Whereas the value of action-outcomes
matters to people in order to set goals and perform actions (Aarts & Elliot,
2012), it would be interesting to explore how the reliability of action
selection fluency changes in a context in which the value of outcomes varies.
To test the role of outcome value, Barlas et al. (2018) compared the
effects of self-chosen actions and forced choice actions for positive and
negative outcomes (Barlas et al., 2018). The results showed that both the
internal action selection process (self vs. forced) and the feedback learning
process (positive vs. negative) contributed to the implicit and explicit sense
of agency. However, when self-chosen action led to (negative feedback)
feeling of agency diminished. These results suggest that internal action
selection cues can be overruled by the outcome feedback monitoring
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process, and that free choice and outcome value interact in shaping the
sense of agency. Although the study of Barlas et al. (2018) combined both
the prospective and retrospective aspect of sense of agency, it compared
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completely voluntary action with the completely involuntary action and
such contrast may differ on a number of processes (Hughes et al., 2012).
For example, self-chosen action confounds the temporal prediction of action
selection with forced actions. Furthermore, it is not yet clear how selecting
between alternative actions (action conflict) and response preparation
interact with the outcome monitoring process. According to Hull’s (1943)
law of less work, actions shall be selected so as to minimize effort. This
may be especially the case when action rewards are constant (Kool et al.,
2010). In that case, selecting the difficult action requires extra effort and
may bring negative experiences (Arrington & Logan, 2004). However,
when the rewards shift, it is not clear whether and how the effect of conflict
on the sense of agency changes. Future research should build on these
findings and further test the interaction effect between the prospective and
retrospective cues on agency.
Third, it is still not clear how the sensation of effort influences the
sense of agency. Although it may be tempting to interpret the enhanced
agency experiences in conflict situations as reflecting the influence of
exerting control, the current literature indicates that is not necessarily the
case (Wang et al., 2017, 2018). Future research can investigate the
interaction effect between effort and conflict control on the sense of agency
with more sophisticated paradigms, for instance by separating effort as a
result of motor action selection from effort that arises from cognitive control
(Bijleveld, Custers, & Aarts, 2012).
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Fourth, the congruency sequence effect (observed in Wang et al.,
2018) on agency experiences needs to be handled with care, as there are
different explanations to account for these effects. Whereas it is tempting to
explain these effects in terms of cognitive control, a perhaps more
parsimonious account for the temporal dynamic of agency experiences lies
in the repetition effect (Hommel et al., 2004). The previous event (or
association) is stored in the episodic memory and can be retrieved easily,
thus boosting the sense of agency in the current moment. For example,
when the current incongruent trial is the same as the previous one
(repetition), the action selection becomes easier and more fluent, which
enhances the sense of agency. Switching to a different trial can be less
fluent, which reduces the sense of agency. Although reasonable, one cannot
rule out the case that the conflict in the previous trial triggers a better
preparation with more attentional resources to solve the conflict in the next
trial. Therefore, a conceptual fluency of solving problems can also
contribute to agency experiences (Winkielman, Huber, Kavanagh, &
Schwarz, 2012). Whereas the sequential effect on the agency experiences is
interesting in itself, future studies need to address where this effect is caused
by conflict control process in the higher cognitive level or by the
consistency (inconsistency) of event features in the episodic memory.
Concluding remarks
This paper reviewed studies on the relationship between action
selection and the sense of agency. The sense of agency is not simply the
perception of a match between one discrete action event and a following
outcome event. Rather, it reflects the integration of several different classes
of signals. More specifically, an online monitoring process during the
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sequential stages of the action selection is an important factor in producing
the sense of agency. The continuous updating of consistency between the
internal status and the external world plays a crucial role in maintaining a

2

coherent self. Given the importance of a coherent self for mental and
physical health, and its implications for responsible and moral behavior,
examining the mechanisms underlying the sense of agency is a basic part of
understanding modern society. We believe and hope that the present
analysis offers a promising direction to achieve the ambition of revealing a
full picture of the sense of agency.

16328-Wang_BNW.indd 53

15-03-19 16:29

3
16328-Wang_BNW.indd 54

15-03-19 16:29

Chapter 3

Uncovering effects of self-control and
stimulus-driven action selection on the
sense of agency

Based on: Wang, Y., Damen, T. G., & Aarts, H. (2017).

Uncovering effects of self-control and stimulus-driven action selection on the
sense of agency. Consciousness and cognition, 55, 245-253.
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Abstract
The sense of agency (SoA) refers to feelings of causing one’s own action
and resulting effect. Previous research indicates that voluntary action
selection is an important factor in shaping the sense of agency. Whereas the
volitional nature of the sense of agency is well documented, the present
study examined whether the implicit measure of SoA, namely intentional
binding, is modulated when action selection shifts from self-control to a
more automatic stimulus-driven process. Three experiments were reported
in present study, in the first experiment the choice reaction time task without
the congruency manipulation was used to test the binding effect of stimulusdriven actions in general. In the second and third experiment, an auditory
Simon task including congruent and incongruent trials was employed to
generate automatic stimulus-driven vs. more self-control driven action,
respectively. Responses in the Simon task produced a tone and agency was
assessed with the intentional binding task as well. Results showed a Simon
effect and temporal binding effect. However, temporal binding was
independent of congruency. These findings suggest that temporal binding, a
window to the sense of agency, emerges for both automatic stimulus-driven
actions and self-controlled actions.
Introduction
The sense of agency – the feeling that one causes one’s own actions
and their subsequent outcomes – is a pervasive and socially well-shared
experience that is fundamental to human self-perception and social
functioning (Frith, 2014; Wegner, 2002). The sense of agency has been
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mainly conceptualized and studied as a product of volitional action
(Haggard, 2017). Specifically, goal-directed action simultaneously triggers
a predictive signal of sensory action-outcomes and a sense of agency
emerges when the prediction is consistent with the actual sensory feedback
(Haggard, 2008; Haggard & Clark, 2002). The voluntary nature of agency
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has been nicely demonstrated in the temporal binding task. This implicit
measure of the sense of agency hinges on pre-reflective, sensorimotor
processes (Haggard, Clark, & Kalogeras, 2002; Stenzel, Schneider, & Engel,
2011), and reveals that intentional action selection produces a temporal
contraction in perception between action and outcome compared to when
the same action is externally generated. Accordingly, the sense of agency is
suggested to originate in self-controlled action selection, and hence
represents the voluntary nature of human behavior.
Whereas the voluntary nature of the sense of agency has received
much theoretical and empirical attention in research on the temporal binding
between action and effect (see Hughes, Desantis, & Waszak, 2012),
research on the role of externally controlled action selection in temporal
binding has been relatively limited. Building on the notion that behavior is a
function of the will and habit (Ach, 1910/2006; James, 1890), the present
study aimed to investigate the differential effects of self-control driven
versus automatic stimulus driven actions on the sense of agency.
Specifically, we examined whether the temporal binding of action and effect
is modulated when action selection shifts from processes that rely on
volition towards more externally driven processes. Understanding this shift
is important, as it provides insight into the question of whether the sense of
agency decreases when individuals move from willful to habitual behavior,
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and hence volition has a special status for human social functioning (Bayne
& Pacherie, 2015).
Intentional binding – a window to the sense of agency
The sense of agency over actions is primarily rooted in motorprediction processes described in models of goal-directed motor control
(Crapse & Sommer, 2008; Frith, Blakemore, & Wolpert, 2000; Pynn &
DeSouza, 2013; Wolpert & Flanagan, 2001). The voluntary selection of a
goal-directed action is accompanied by the prediction of sensory actionoutcomes based on internal copies of movement-predicting signals (i.e.,
efference copies) generated by the sensorimotor system. This prediction is
supposed to be absent in cases where action selection is involuntary or
externally controlled and behavior is fully automatic and unintentional. The
efference copy pertains to signals sent out from brain areas involved in
motor control to the sensory (e.g., auditory) cortex and allow for a
comparison with the actual sensory feedback of action (e.g., when pushing a
key predicts the occurrence of a high frequency tone). These internal motor
predictions are generally considered to be short-lived but very reliable, and
sensory outcomes are readily perceived as self-produced unless the
prediction does neither correspond with the actual outcomes nor occur in the
first place.
The notion that self-produced effects are perceived differently from
externally caused effects allows for a systematic measurement of selfcausation. According to a pre-activation account of the sense of agency,
predicting a sensory outcome increases the baseline activation of the
representation of the outcome in the sensory cortex. When the predicted
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outcome actually occurs, the increased activation causes the outcome to be
perceived sooner, as the increased baseline gives the perception of the
outcome a head start in reaching the threshold of consciousness (Waszak,
Cardoso-Leite, & Hughes, 2012). Thus, a match between the predicted and
actual outcome causes one to implicitly perceive (see, hear, or feel) the
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sensory outcome-information that comes in from the environment earlier
and faster, compared to situations in which the baseline activation is not
increased or the predicted and actual sensory outcome do not match.
An important implicit way to measure this shift in time perception as
a window to the sense of agency is the intentional binding task (Haggard et
al., 2002). In an adaption of the Libet and colleagues’ study (1983),
participants perform an action (e.g., a key press) directly followed (e.g., 250
ms) by an outcome (e.g., the occurrence of a tone), and judge the timing of
their own action and the outcome with the help of a concurrently rotating
clock hand on a computer screen. When selecting actions voluntarily,
participants commonly perceive the occurrence of the action and effects as
closer in time, hence, the term intentional binding. Crucially, when the
action is induced involuntarily by means of transcranial magnetic
stimulation (TMS) over the primary motor cortex, and thus does not issue
an efference copy to predict the outcome, the binding effect vanishes or
even reverses. This latter finding has been taken as evidence that binding of
action and effect in terms of perceived time is indeed a result of volition,
and hence, represents an implicit measure of the sense of agency.
Building on this work, several studies have examined qualifiers of
the motor-prediction process in yielding the sense of agency, such as
manipulating the predictability of the action-effect, the time delay between
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action and effect, externally induced action movement, and motivational
boosting of action-effect anticipation by reward signals (e.g., Aarts et al.,
2012; Dogge, Schaap, Custers, Wegner, & Aarts 2012; Haggard et al.,
2002). In short, this research indicates that intentional binding occurs when
action follows from a voluntary generated movement, and the prediction
signal accompanying the preparation of action is strong and reliable enough
to render a comparison with the actual sensory feedback of the action
possible.
Stimulus-driven processes versus self-controlled processes
So far, research suggests that the intentional binding effect is closely
associated with the sense of agency, especially when agency emerges from
self-control processes that involve voluntary action selection and the
prediction of resulting sensory effects (Brass & Haggard, 2007; Renes &
Aarts, in press). Taking away voluntary action selection decreases
intentional binding, as involuntary or externally triggered actions do not (or
to a lesser extent) produce a prediction signal of the sensory outcomes. The
specificity of the temporal binding effect to voluntary movement implies the
involvement of sensorimotor control mechanisms that may play a key role
in generating the sense of agency.
The difference between voluntary vs. involuntary action selection
addressed above speaks to the degree to which human behavior is directed
by the will or habit (Ach, 1910; James, 1890), that is, how much of the
behavior is under the control of volition or external stimuli (Aarts & Custers,
2009; Aarts, Verplanken, & - Knippenberg, 1998; Berberian, Sarrazin, Le
Blaye, & Haggard, 2012; Waszak et al., 2005). Habits are proposed to
represent stimulus-driven actions in which goal-relevant cues can initiate

16328-Wang_BNW.indd 60

15-03-19 16:29

|

61

actions automatically, thus rendering volitional control more or less
redundant in selecting that very same action. However, apart from this
functionality aspect, stimulus-driven actions can also be dysfunctional, such
as when the stimulus-driven response opposes the selection of an instructed
action to produce an effect, and volitional control is required to overcome
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the pre-potent response. In other words, goal-directed actions (that is,
selecting an action to cause a subsequent effect) can follow from a high or
low degree of volition, depending on whether action selection relies on selfcontrol or a more automatized process. Assuming that volition, rather than
automatism, is the key to the sense of agency, proper selection of an action
that competes with a stimulus-driven response may be associated with a
stronger sense of agency than an automatic stimulus-driven response,
because selecting the action to cause an effect is more effortful and the
result of an act of self-control (Danner, Aarts, & Vries, 2008; Demanet,
Muhle-Karbe Lynn, Blotenberg & Brass, 2013; Wegner, 2002).
Most research on the role of external control in agency has relied on
methods (such as TMS or a finger pull device) that fully remove action
selection processes (Haggard et al., 2002; Haggard & Clark, 2003; Kühn,
Brass, & Haggard, 2013; Moore, Teufel, Subramaniam, Davis, & Fletcher,
2013). Less research attention has been given to the relation between
stimulus-driven action vs. self-controlled action and the sense of agency.
Recent research has started to examine the modulating role of stimuli-driven
effects on the sense of agency. One study (Wenke, Waszak, & Haggard,
2009) examined how temporal binding between action and effect changes as
a function of volitional or externally induced selection of action alternatives
and timing (the what and when component of volition). Participants had to

16328-Wang_BNW.indd 61

15-03-19 16:29

62

|

Chapter 3

press a left or right key, either self-chosen or in response to a specific cue.
Furthermore, the time of each keypress was either self-chosen or it was cued
to occur in one of two designated time intervals. Temporal binding was
found to be equal for (freely) self-chosen and for stimulus-based actions.
However, binding was more pronounced when the action alternatives and
action timing were selected in the same way (i.e. when action and timing
were both self-chosen or both stimulus-driven) in comparison to when the
two selections were made in different ways (i.e. when action was selfchosen and timing was stimulus-driven, and vice versa). This suggests that
individuals establish a more coherent experience of behavior when actions
result from a single mode of selection, thereby increasing binding between
action and effect.
The previous findings offer a first exploration of the relation
between stimulus-driven action vs. self-controlled action and the sense of
agency. It should be noted, however, that action selection was not stimulusdriven per se, in the sense of an automatically evoked response to stimuli, as
quite some time was passed between the external cue and selection of action.
That is, the stimulus-based movements (external choice, external timing)
clearly require volitional premotor preparation and initiation of action to
produce a specific effect. In line with a more automatic stimulus-driven
perspective, other studies examined the effects of “ease” of action selection
on subjective ratings of perceived control in a reaction-time task.
Participants had to rapidly select one of two alternative actions followed by
a visual effect. Action selection was preceded by subliminal response
primes that facilitated or interfered with the selected actions (Chambon &
Haggard, 2012; Wenke, Fleming, & Haggard, 2010). Subjective ratings of
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perceived control turned out to be lower when primed responses interfered
with the selected action. In another study (Sidarus & Haggard, 2016;
Sidarus, Vuorre, Metcalfe, & Haggard, 2017), participants performed a
Eriksen flanker task to manipulate the difficulty of action selection (that is,
flanker stimuli automatically distracted participants to properly select the
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desired action). Actions were followed by a visual outcome. Findings show
that difficult decisions to select actions were associated with lower ratings
of control. The general gist of these findings, then, suggests that the
intention to act appears to be disrupted during action selection when conflict
emerges, which triggers an experience-based feeling of disfluency that
alters the sense of agency.
Whereas the findings alluded to above offer a metacognitive account
for the sense of agency, it should be noted that the sense of agency was
assessed with subjective judgments of control. Whereas such explicit
judgments provide an explicit (introspective) measure of agency attributions,
rather than an implicit (pre-reflective) measure of the sense of agency (such
as intentional binding), these judgments might represent sense of agency,
but also some other type of subjective feelings associated with agency
relevant task features, such as perceived difficulty or ability (Bandura, 1977;
Malmberg & Little, 2007; Sebanz & Lackner, 2007; Vallacher & Wegner,
1989). Accordingly, whether temporal binding of action and effect is
modulated when action selection shifts from a self-control process to a more
environmentally driven process remains an open question. The present
research was designed to further explore this issue.
The present study
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We combined an auditory version of the Simon task and the
intentional binding task. That is, participants had to produce a tone by
selecting an action in response to a stimulus, and temporal binding between
action and effect was measured by using the Libet clock setup (1983). In a
typical auditory Simon task (Simon & Rudell, 1967), stimuli consist a highpitched sound and a low-pitched sound that require the selection of two
alternative actions. There are two dimensions of the stimuli, the identity (the
pitch relevant for the specific selection of an action, e.g., low push left, high
push right) and the position of the sound (left or right ear). It is generally
assumed that presentation of the stimulus activates two parallel responseactivation routes. The conditional route activates a response according to the
task-relevant stimulus dimension as indicated by the S-R pairings specified
by the instructions. The unconditional route activates a response on the
basis of the location of the stimulus so that the response that spatially
corresponds to stimulus location is automatically primed irrespective of task
instructions (De Jong, Liang, & Lauber, 1994; Hommel, 1997; Kornblum,
Hasbroucq, & Osman, 1990). While the conditional route is assumed to be
slow and under intentional control, the unconditional one is considered fast
and automatic. Importantly, the time-course of both routes converges at
response selection stage. When the conditional and the unconditional routes
activate different responses (incongruent trials), a conflict arises at response
selection stage that must be solved by an act of volition or self-control
before the correct response can be executed. This process takes times,
increasing RTs and error rates. However, when the two routes activate the
same response (congruent trials), the initiation of the movement is relatively
more influenced by the external cues and the process is faster and more
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automatic compared to the incongruent trials. Thus, the Simon task offers a
tool to induce automatic (congruent trials) as well as more self-controlled
(incongruent trials) actions.
Based on previous research, two hypotheses can be formulated. If
participants feel less in control when action selection is disturbed and
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difficult, then a weaker intentional binding should show up for (incongruent)
primed actions that hamper proper action selection. Alternatively, in the
congruent condition, participants may rely on volition and mobilize more
effort to overcome the “urge” to perform the interfering (incongruent)
primed action. This act of self-control and the accompanying enhanced
effort to overcome the obstacles may increase the sense of agency (Damen,
Dijksterhuis, & Baaren, 2014; Demanet, De Baene, Arrington, & Brass,
2013) leading to stronger intentional binding under conditions of conflict.
The present experiments were conducted to test the two competing
hypotheses.
The crucial experiments in which we combined the Simon task and
intentional binding paradigm to test the effect of action selection processes
on the temporal perception between action and effect were preceded by a
check study. In this study, we aimed to first test the operation of the
Intentional binding effect in a task (such as the Simon task) where stimulidriven speeded responses need to be made. The intentional binding effect is
usually investigated in free choice tasks in which participants can
voluntarily choose what or when to act to produce an effect -- in the present
case a tone. For the present research, we need to know whether intentional
binding effect is affected when it is assessed in a forced choice reaction time
task with time and choice constraints. Accordingly, in the first experiment
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we tested the intentional binding effect in a forced choice reaction time task
without the congruency manipulation (which is usually part on the Simon
Task). We would have more faith in testing our hypotheses if the IB effect
is not (too strongly) affected by the specifics of task settings.
Experiment 3.1
Method
Participants
Twenty university students (Mage = 21.44 years, SD = 2.55; 11
females) took part in the experiment. All participants were right-handed and
reported having normal hearing. At the beginning of the experiment all
participants signed an informed consent form. After completing the
experiment participants were paid 8 Euro for their participation. Four
participants were excluded in the analyses due to technique problems.
Materials & Procedure
Practice phase
In the practice phase, participants learned the associations between
the targets and the subsequently required actions. At the start of each trial,
participants heard the spoken Dutch target word “ja” (which means “yes”),
which was played binaurally through a headset. Either a high pitch or a low
pitch male voice expressed the target. Participants were instructed to press
the left button with the index finger of the left hand when they heard a high
pitch voice, and to press the right button with the index finger of the right
hand when they heard a low pitch voice (or vice versa depending on the
mapping condition, which was counterbalanced between-subjects).
Participants were told to respond as fast and accurately as possible.
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Participants were given 90 trials to learn the target-response associations.
On the first 10 trials participants received feedback on correctness of their
responses. A Cedrus R530 response pad was used as a response interface.
Test phase
In the test phase, the choice reaction time task (stimulus-response
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association learning) was integrated in the intentional binding paradigm
(Haggard, Clark, & Kalogeras, 2002). In the intentional binding paradigm,
participants report the time at which they either pressed a button – in
response to the target, or the time at which they perceived a tone.
In the beginning of the task, participants were presented with a
circular clock face (radius = 8 cm) that rotated clockwise at a rate of 3000
ms per rotation starting from an unpredictable clock hand position (see
Lynn, Muhle-Karbe, Aarts, & Brass, 2014). Between 0.5 and 1.5 rotations,
the high or low pitch targets were presented through the headphones.
Participants were informed that their key presses in response to the targets
would cause a tone to occur (frequency = 600 Hz, duration = 100 ms). And
participants were instructed to press the corresponding button as fast and
accurately as possible to cause the tone to occur. The clock hand still
continued rotating for a random interval between 1000 ms and 2000 ms
after the presentation of the tone and then disappeared. Depending on the
block condition, participants reported either the clock position when they
pressed a button (agency-action block), or when they heard a tone (agencyoutcome block).
There were two additional blocks. In the baseline-action block,
participants pressed a button in response to the voice, and judged the timing
of their button-press without the presentation of a tone. In the baseline-
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outcome block, participants were not required to respond to the voice.
Instead, after the presentation of the target voice, they heard a tone and
judged the time of the presentation of this tone. The time interval between
the target/voice and the outcome/tone was selected for each participant
based on the RTs in the practice phase. The order of the blocks was
counterbalanced across participants.
Each block consisted of 40 trials, starting with 5 practice trials that
were not included in the analyses. If participants chose the wrong button, or
they did not respond in time (1000 ms), then this trial would be excluded in
the analyses.
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Time estimate of key press

Effect: tone or no-tone
tone

3

Key Press

Voice present

Clock
rotates

Time

Figure 3.1. Illustration of a trial in the agency-action condition and the
baseline-action condition.
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Results
Reaction Times
Mean RTs were analyzed using a repeated measure Analysis of
Variance (ANOVA) (correct trials were used for analysis), with response
location as a within-subjects factor (response: left vs. right) and mapping as
a between-subjects factor (mapping: low-right/high-left vs. low-left/ highright). There was not a significant main effect of response location, F(1,14)
= .90, p = .359,

= .06. As shown from the results, mean RTs of left

responses was 589.58 ms (SD = 111.96), mean RTs of right responses was
579.17 ms (SD = 116.20), showing some advantage in speeded responding
for the dominant hand though the main effect was not significant.
The analyses yielded an interaction effect between response location
and mapping, F(1,14) = 7.41, p = .017,

= .35. Simple main effect tests

showed that the mean RTs of left response was longer than mean RTs of
right response for mapping condition in which a left button selection
corresponded to the low voice and a right button selection corresponded to
the high voice, p = .002, dz = 1.70 (Mleft = 615.63, SD = 130.77; Mright =
575.37, SD = 126.35). For the other mapping condition (low-right/high-left),
the difference between mean RTs of left hand and mean RTs of right hand
was absent, p = .882, dz = .34 (Mleft = 563.53, SD = 90.60; Mright = 582.98,
SD = 113.74).
Temporal judgment errors
For each trial, judgment error (in milliseconds) was calculated as the
difference between the perceived time of an event and its actual time of
occurrence. A positive difference in judgment error between agency trials
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and baseline trials corresponds to delayed awareness of the event, and a
negative difference in judgment error between agency trials and baseline
trials corresponds to anticipatory awareness. To reduce the influence of
extreme perceptual delays and anticipations, trials were omitted from the
analyses (2.60% of the total trials) on which the perceived time of an event

3

was more than 750 ms later or earlier than the actual occurrence of the event
(see Dogge, Custers, Wegner, & Aarts, 2012).
The mean judgment errors were subjected to a repeated measures
ANOVA with agency and judgment as within-subjects factors (agency:
single event vs. agency event; judgment: action vs. tone) and mapping as a
between-subjects factor (mapping: low-right/high-left vs. high-right vs. lowleft). The results showed a significant interaction effect between agency and
judgment (see Fig. 3.2), F(1,14) = 8.00, p = .013,

= .36. Replicating the

standard intentional binding effect (Haggard et al., 2002), judging the onset
of the action in the agency trials (vs. baseline action trials) produced a
positive judgment error (mean shift = + 82.28 ms; SE = 45.00). In addition,
judging the onset of the tone in the agency trials (vs. baseline tone trials)
produced a negative judgment error (mean shift = ! 101.64 ms; SE = 53.89).
All other tests did not reach statistical significance (p’s > .216).
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Figure 3.2. Mean shift as a function of judged event (action vs. tone). The
shifts (indicated by numbers above the bars) correspond to the difference in
mean judgement errors between baseline and agency-trials. Error bars
represent standard errors.
Discussion
This experiment showed a dominant hand advantage on speed of
responding when right responses were preceded by high voices (vs. left
responses to low voices). These findings might be interesting (e.g.,
responses may be naturally or artificially mapped on frequency of auditory
stimuli; of low – left and right – high on a piano), but not the main focus of
this study. More importantly, the temporal contraction in perception
between the action and the subsequent effect was also found. This
experiment provided reliable evidence that a temporal binding between
action and effects is not strongly (if at all) affected when required to
respond to the external cues immediately (forced choice context), rather
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than the typical setting of free choices to decide what or when to act. In
order to test whether the controlled action selection processes contribute to
the agency experience, we combined the Simon task with the intentional
binding paradigm in the second experiment.

3

Experiment 3.2
Method
Participants
Thirty-two university students (Mage = 21.80 years, SD = 2.78; 24
females) participated in the present study. Based on previous research
(Dogge et al., 2012; Ruys & Aarts, 2010), this sample size should suffice to
find reliable Simon effects as well as Intentional binding effect. All
participants were right-handed and reported having no hearing problems.
Informed consent was obtained from all individual participants included in
the study. Two participants were excluded from the sample. One did not
follow the instructions and another made too many errors (>50 %), leaving
30 participants in the final analyses.
Materials & Procedure
Practice phase
The first block of the practice phase was the same as the practice
phase of Experiment 1: Participants learned the associations between the
targets and the subsequently required actions. At the start of each trial,
participants heard the spoken Dutch target word “ja” (which means “yes”),
which was played binaurally through a headset. Either a high pitch or a low
pitch male voice expressed the target. Participants were instructed to press
the left button with the index finger of the left hand when they heard a high
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pitch voice, and to press the right button with the index finger of the right
hand when they heard a low pitch voice (or vice versa depending on the
mapping condition, which was counterbalanced between-subjects).
Participants were told to respond as fast and accurately as possible (at least
within a time-window of 1000 ms).
The difference between Experiment 1 and the current experiment
was that in present experiment, we added three blocks after the associationlearning block in the practice phase the so that participants could get
familiar with the intentional binding task before the test phase.
In the first block of the practice part with the intentional binding task,
participants were required to report the timing of a presented tone at a
random moment in time (Tone only block: 46 trials). In the second block
participants were required to report the timing of a tone that was presented
at a random time interval after the presentation of the voice pitch. The time
interval between voices and tones was chosen randomly from reaction times
in the associate learning procedure (Target-Tone block: 40 trials). In the last
block of the practice phase, participants learned that their key presses in
response to the targets would cause a tone to occur (frequency = 600 Hz,
duration = 100 ms). Participants were asked to respond as fast and
accurately as possible in order to produce the resulting tone. The tone was
presented 250 ms after key-presses. Furthermore, participants were asked to
report the timing of the tone (Target-action-tone: 50 trials).
Test phase.
The test phase was similar to Experiment 1 that the reaction time
task was integrated with the intentional binding task. Again, in the
intentional binding paradigm, participants report the time at which they
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either pressed a button – in response to the target - or the time at which they
perceived a tone.
Participants were presented with a circular clock face (radius = 8 cm)
that rotated clockwise at a rate of 3000 ms per rotation starting from an
unpredictable clock hand position Between 0.5 and 1.5 rotations, the high or

3

low pitch targets were presented through the headphones. A crucial
difference compared to the test phase of Experiment 1 was that the high
pitch or low pitch target voices were not presented in both ears, but were
presented in either the left or the right ear. Participants were again required
to respond to the voice target with either their left of right hand, thus
creating spatial compatibility (e.g., presentation in left ear, left response)
and spatial incompatibility (e.g., presentation in left ear, right response). As
in the practice phase participants were instructed to press the corresponding
button as fast and accurately as possible to cause the tone to occur. The
clock hand still continued rotating for a random interval between 1000 ms
and 2000 ms after the presentation of the tone and then disappeared.
Depending on the block condition, participants reported either the clock
position when they pressed a button (agency-action block), or when they
heard a tone (agency-outcome block).
There were two additional blocks. In the baseline-action block,
participants pressed a button in response to the target, and judged the timing
of their button-press without the presentation of a tone. In the baselineoutcome block, participants were not required to respond to the target.
Instead, after the presentation of the target, they heard a tone and judged the
time of the presentation of this tone. The time interval between the target
and tone was selected randomly for each participant based on the RTs in the
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practice phase (Target-action-tone trials). The order of the blocks was
counterbalanced across participants.
Each block consisted of 40 trials, starting with 5 practice trials that
were not included in the analyses. If participants chose the wrong button, or
they did not respond in time (1000 ms), then this trial would be repeated at
the end of the corresponding block.
Results
Reaction Times
A repeated measures ANOVA with congruency as a within-subjects
factor (congruency: congruent vs. incongruent) and mapping as a betweensubjects factor (mapping: low-right/high-left vs. high-right/low-left),
revealed a main effect of congruency F(1, 28) = 135.35, p < .001,

= .83.

The mean RTs of the congruent condition were shorter than the mean RTs
of the incongruent condition (Mcongruent = 517.80, SD = 66.79; Mincongruent =
567.10, SD = 68.69), showing a strong Simon effect. There was no main
effect of mapping, F(1, 28) = .71, p = .408,

= .03, nor was there a

significant interaction effect between the congruency and mapping
conditions, F(1, 28) = 3.17, p = .086,

= .10.

Accuracy
The number of errors of button presses were submitted to a repeated
measures ANOVA and the results showed a main effect of congruency, F(1,
28) = 41.20, p < .001,

= .60. Participants committed more errors in the

incongruent condition than in the congruent condition (Mcongruent = 2.87, SD
= 3.29; Mincongruent = 12.53, SD = 9.94). The interaction effect between
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congruency and mapping was not significant, F(1, 28) = .05, p = .826,
= .002, and mapping did not have a main effect on the error number, F(1, 28)
= .14, p = .709,

= .005.

Temporal binding

3

For each trial, judgment error (in milliseconds) was calculated as
the difference between the perceived time of an event and its actual time of
occurrence. A positive difference in judgment error between agency trials
and baseline trials corresponds to delayed awareness of the event, and a
negative difference in judgment error between agency trials and baseline
trials corresponds to anticipatory awareness. To reduce the influence of
extreme perceptual delays and anticipations, trials were omitted from the
analyses (0.35% of total) on which the perceived time of an event was more
than 750 ms later or earlier than the actual occurrence of the event (see
Dogge et al., 2012).
The mean judgment errors were subjected to a repeated measures
ANOVA with agency, judgment and congruency as within-subjects factors
(agency: single event vs. agency event; judgment: action vs. tone;
congruency: congruent vs. incongruent) and mapping as a between-subjects
factor (mapping: low-right/high-left vs. high-right/low-left). These analyses
yielded a significant interaction effect between agency and judgment F(1,
28) = 13.02, p = .001,

= .32. Replicating the standard intentional

binding effect (Haggard et al., 2002), judging the onset of the action in the
agency trials (vs. baseline action trials) produced a positive judgment error
(mean shift = + 36.59 ms; SD = 74.66). In addition, judging the onset of the
tone in the agency trials (vs. baseline tone trials) produced a negative
judgment error (mean shift = ! 38.70 ms; SD = 78.81). In other words, an

16328-Wang_BNW.indd 77

15-03-19 16:29

78

|

Chapter 3

overall intentional binding effect of 75.29 ms (i.e. the difference between
the above mentioned judgment shifts) was found.
However, we did not find an interaction effect between congruency,
agency, and judgment: F(1, 28) < .001, p = .991,

=.002, indicating that

intentional binding effect was equally strong in the congruent and
incongruent trials (effect size for differences on IB between the congruent
and incongruent conditions was virtually absent; dz = .002). All other tests
did not reach statistical significance (p’s > .200). Figure 3.3 displays the
shifts in perception for action onset and tone occurrence in the congruent
and the incongruent condition.
To provide statistical evidence for the absence of a difference on
intentional binding between the congruent and the incongruent trials, we
conducted a Bayesian analysis (Wagenmakers, 2007) in experiment 2. An
estimated Bayes factor (null/alternative) suggested that the data were in
favor of the null hypothesis (BF01 = 5.14); there was no significant
difference on intentional binding between the congruent trials and the
incongruent trials.
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Figure 3.3. Mean shift as a function of judged event (key press vs. tone) and
type of trial (congruent vs. incongruent). The shifts (indicated by numbers
above the bars) correspond to the difference in mean judgement errors
between baseline and agency-trials. Error bars represent standard errors.
Discussion
The findings of the second experiment are clear-cut: Participants
showed a strong Simon effect, such that incongruent trials impaired
performance - (speed and accuracy of responding) compared to congruent
trials. This pattern of results concurs with the time-course analysis of the
Simon effect: Spatially located stimuli that are congruent with the instructed
responses to these stimuli facilitate the unconditional route of automatic
responding. When spatially located stimuli are incongruent with the
instructed responses to these stimuli, response conflicts emerge that
require volition or self-control to guide the correct action, thereby delaying
responding.
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In addition to the strong Simon effect, we also established a clear
intentional binding effect: Participants displayed a temporal contraction in
perception between action and effect. However, the intentional binding
effect was clearly independent of the congruency of the trials, as revealed
by the complete absence of an interaction effect. That is, temporal binding
between action and effect occurred for both automatic stimulus-driven
actions and self-controlled actions relying on volition.
Before we draw any conclusions about the possible implications of
these findings for research on the sense of agency, we deemed it important
to provide an independent replication of these effects.
Experiment 3.3
Method
Participants
Forty-two university students (Mage = 21.80 years, SD = 2.78; 24
females) were recruited. All participants were right-handed and reported
having no hearing problems. Informed consent was obtained from all
individual participants included in the study.
Procedure1
1

Considering the observation that previous studies on the Simon tasks and Intentional
binding task are conducted in the absence or presence of an experimenter, for exploratory
reasons we manipulated experimenter presence (absent vs. present) as a between-subjects
variable in Experiment 2. There was a main effect of the experimenter presence on the RTs:
Participants responded faster when the experimenter was absent compared to the condition
when the experimenter was present. No other meaningful differences in results of the
Simon task or the Intentional binding task emerged depending on whether the experimenter
was present or not (which might be useful information for future research projects in itself).
We chose to report this manipulation as a footnote for purposes of both
research transparency and readability.
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In Experiment 3 participants performed a similar task as in
Experiment 2 with minor improvement of the instructions in the practice
phase. The test phase was identical to Experiment 2.

3

Results
Reaction Times
A repeated measures ANOVA with congruency (congruent vs.
incongruent) as a within-subjects factor and mapping (low-right/high-left vs.
low-left/high-right) as a between-subjects factor on mean RTs, showed a
main effect of congruency, F(1,40) = 142.95, p < .001,

= .78. A reliable

Simon effect was shown: Participants responded faster in the congruent
condition than in the incongruent condition (Mcongruent = 545.47, SD = 71.86;
Mincongruent

=

596.35, SD = 74.35). There was no main effect of mapping,

F(1, 40) = .40, p = .531,

= .01, nor was there a significant interaction

effect between the congruency and mapping conditions, F(1, 40) = 3.92, p
= .055,

= .09.

Accuracy
The number of errors were submitted to a repeated measures
ANOVA and the results showed a main effect of congruency, F(1, 40) =
31.98, p < .001,

= .44. Participants committed more errors in the

incongruent condition than in the congruent condition (Mcongruent = 4.45, SD
= 6.31; Mincongruent = 16.21, SD = 16.45). Mapping did not have a main
effect on the error number, F(1, 40) = 2.56, p = .117,

= .06. The

interaction effect between congruency and mapping was not significant, F(1,
40) = .35, p = .555,
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Temporal binding
Mean judgment errors were submitted to a repeated measures
ANOVA with agency (baseline condition vs. agency condition), judgment
(action vs. tone) and congruency (congruent vs. incongruent) as withinsubjects factors and mapping (low-right/high-left vs. low-left/high-right) as
a between-subjects factor.
The results revealed a significant interaction effect between agency
and judgment: F(1, 40) = 15.94, p < .001,

= .29, see Figure 3.4. Similar

to the findings in Study 1, the awareness of the key press was shifted
towards the tone (action agency condition) in comparison to the baseline
condition in which the action produced no effect (mean shift = + 40.45 ms,
SD = 121.14). In addition, the awareness of the tone was shifted towards the
action (tone agency condition) as compared to the baseline condition where
the tone occurred in isolation (mean shift = ! 53.58 ms, SD = 87.11). The
overall intentional binding effect was 94.03 ms (i.e. the difference between
the abovementioned perceptual shifts).
However, we again did not find an interaction effect between
congruency, agency, and judgment: F(1, 40) = .11, p = .747,

= .003.

Thus, the intentional binding effect was independent of the congruency of
the trials (effect size for differences on IB between the congruent and
incongruent condition is dz = .050). There were no other main or interaction
effects, (p’s > .091). Figure 3.4 presents the perceptual shifts in action
occurrence and tone occurrence for the congruent and the incongruent
condition. A Bayesian analysis again suggested that the data were in favor
of the null hypothesis (BF01 = 5.70); there was no significant difference on
IB between the congruent trials and incongruent trials.

16328-Wang_BNW.indd 82

15-03-19 16:29

|

83

3

Figure 3.4. Mean shift as a function of judged event (key press vs. tone) and
type of trial (congruent vs. incongruent). The shifts (indicated by numbers
above the bars) correspond to the difference in mean judgement errors
between baseline and agency-trials. Error bars represent standard errors.
General Discussion
In the present study, we combined an auditory Simon task and the
intentional binding paradigm to test potential differential effects of
congruency on the sense of agency. Based on previous research, congruency
might change the sense of agency according to two competing accounts: (1)
a volition model in which incongruent trials require volition and an act of
self-control to select the proper action and causing a subsequent effect,
while congruent trials represent automatic processes that cause action
selection to be stimulus-driven; and (2) a metacognitive model in which
incongruent trials are experienced to be more difficult in order to select the
proper action, while congruent trials are experienced as more easy and
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fluent the process of action selection. The volition model would predict a
higher sense of agency (increased intentional binding) for incongruent trials,
while the metacognitive model would predict a lower sense of agency
(reduced intentional binding) for incongruent trials.
In general, the results showed a classic Simon effect: participants
showed a better performance on congruent trials than incongruent trials.
Furthermore, we established a temporal binding effect: the onset of an
action (here, a key press) was perceived to occur later and the resulting
effect (here, a tone) to occur earlier than when the two events occurred
alone. The intentional binding effect appeared to be independent of the type
of trials. That is, actions and effects were perceived to occur more closely
together in time for both congruent and incongruent trials. The present
findings thus do neither support a volitional model of agency nor a
metacognitive model of agency. Below we briefly discuss these findings in
the context of theory and research aimed at examining and testing the role
of volition in the relation between action selection and the sense of agency.
Previous research on the role of volition and the sense of agency has
relied on methods that compared conditions of voluntary action selection
versus conditions of involuntary movement (such as TMS or a finger pull
device) that fully bypass the action selection process. Whereas taking away
the action selection process may clearly demonstrate the role of volition in
agency (see Hughes et al., 2013; for a critical analysis), in the present
research we took a different take by examining differences between
stimulus-driven (habitual) and self-controlled (willful) action selection.
Specifically, we capitalize on the notion that the Simon task is able to
modulate the process of action selection, such that congruent trials follow
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an automatic effect, and incongruent trials a more controlled effect.
Although several models have been put forward to account for the Simon
effect, most models agree on the assumption that incongruent trials
automatically activate irrelevant response code that requires volitional
control to prevent it from execution and to minimize conflict (De Jong, et al.,
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1994; Hommel, Müsseler, Aschersleben, & Prinz, 2001; Kornblum, et al.,
1990; Ridderinkhof, 2002; for an overview see Proctor & Vu, 2006). In line
with this notion, recent brain-imaging studies suggests that specific brain
regions (such as the anterior cingulate cortex and prefrontal cortex) are
implicated in the Simon task that are sensitive to detection of response
conflict and subsequent exertion of self-control to execute the proper action
and to cause a resulting effect (Kerns, 2006; Liu, Banich, Jacobson, &
Tanabe, 2004; Nachev, Kennard, & Husain, 2008). Thus, incongruent trials
evoke goal-directed behavior that is more strongly subject to self-control
than the congruent trials that are more strongly under control of stimuli.
Why, then, did incongruent trials not modify the intentional binding
effect compared to congruent trials? One simple answer is that stimulusdriven and self-controlled action selection affects the sense of agency in the
same way. This answer relies on the idea that both types of action selection
involve similar motor prediction processes that are assumed to underlie the
intentional binding effect. That is, incongruent as well as congruent trials
could have triggered a predictive signal of sensory action-outcomes (the
tone) that shapes a sense of agency when the prediction is consistent with
actual sensory feedback. On that view, congruent actions are more
automatic and more bound to the stimulus, but the actual source of behavior
emanates from the intention or goal to act in the first place, and therefore is
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not completely involuntary. Accordingly, the congruent trials in the Simon
task may not represent a fully automatic process, but installed goal-directed
responding that animated people to anticipate the consequences of their
automatic stimulus-driven action. This line of reasoning concurs well with
approaches that consider habits as a product of goal-dependent processes
that run off automatically once triggered by the context at hand (Aarts &
Dijksterhuis, 2000; Bargh, 1989; Hommel et al., 2001).
Whereas the explanation alluded to above focuses on the capacity of
congruent trials to shape the sense of agency by allowing participants to
anticipate action-effects, it may also be equally likely that the incongruent
trials failed to increase intentional binding. Such failure might arise from
the notion that incongruent trials have been shown to decrease selfattributions of agency experiences. The source of the decreased experiences
of agency in incongruent trials may emanate from different psychological
processes, such as experienced disfluency (Chambon, & Haggard, 2012;
Chambon, Wenke, Fleming, Prinz, & Haggard, 2013; Wenke, et al., 2010)
or perceived difficulty (Wang, Damen, & Aarts, in prep.); effects that are
generally conceptualized as a ‘metacognitive’ account of agency. However,
in the current study we also did not find that incongruent trials reduced
intentional binding. One possible explanation for this is that intentional
binding derives from pre-reflective, sensorimotor processes, while explicit
agency attributions build on retrospective reflection and introspection
(David, Newen, & Vogeley, 2008; Synofzik, Vosgerau, & Newen, 2008).
Though it has been suggested that there should be a close relationship
between implicit and explicit measures of agency, different agency cues
might modulate different levels of sense of agency (Dewey & Knoblich,
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2014). Moreover, it might be the case that the facilitated effect of selfcontrol processes on intentional binding interfered with, or was canceled out
by the reduced explicit agency attribution.
A promising avenue for future research is therefore attempting to
disentangle or independently explore the two opposite processes

3

retrospective reflection (i.e. pre-reflective sensorimotor processes versus
retrospective reflection of agency attributions). For example, a future study
may solely focus on the facilitation of responding, possibly through action
preparation. Furthermore, future studies may use framing methods to
manipulate how participants perceive the incongruent trials: Either
emphasizing that one’s own actions in these trials (a) are strongly controlled
by external forces (suggesting no control) or (b) require willpower to
overcome these external forces (suggesting self-control). Such avenues
might offer a better understanding of how and when pre-reflective and
attributional measure of agency are related, and how their contributions are
weighted in arriving at a sense of agency (Moore & Haggard, 2008; Moore
& Obhi, 2012; Synofzik et al., 2008).
Conclusion
People commonly experience self-controlled behavior to be
accompanied by feelings of intentionality and agency, compared to behavior
that is more automatic and habitual (Aarts et al., 1998; Knobe, 2006;
Nadelhoffer, 2005). Because these experiences seem to be socially wellshared, society appreciates agency as a result of self-control. Our findings
suggest that the sense of agency could be produced both by more automatic
stimulus-driven actions and self-controlled actions relying on volition.
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Importantly, the present study cannot rule out whether (a) automatic
stimulus-driven action selection abolished the role of motor prediction; or (b)
intentional binding depended on a combination of the motor prediction and
the retrospective attribution processes. Future research therefore needs to
address more carefully how to differentiate between stimuli-driven versus
self-controlled behavior, and how pre-reflective, implicit measures of
agency and explicit attribution measures of agency are affected by the two
modes of action selection. The present study might offer a test and starting
point to examine this important and intriguing issue to shed more light on
the voluntary nature of human behavior.
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Post-conflict boosts the sense of agency?
An examination of the sequential trial
effect on the explicit agency

Based on: Wang, Y., Damen, T. G., & Aarts, H. (2018).

An examination of the sequential trial effect on experiences of agency in the
Simon task. Consciousness and cognition, 66, 17-25.
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Abstract
Previous research shows that agency experiences are reduced when
response selection is disfluent. Expanding on this work, we report two
experiments addressing the influence of Simon response conflict on agency.
Participants responded to congruent and incongruent Simon task trials and
indicated their experienced agency after each response. Results show that
incongruent trials were related to reduced agency experiences, thus
replicating earlier work on the response-selection agency-link. Furthermore,
the data further showed an interesting sequence effect: The congruency
effect on experienced agency mainly emerged when a trial was preceded by
a congruent trial. There was however no congruency effect on experienced
agency when a trial was preceded by an incongruent trial. These findings
are briefly discussed in the context of research on response selection and
experiences of agency.
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Introduction
The sense of agency is the pervasive experience of performing a
voluntary action or causing an effect (Aarts, Custers, & Wegner, 2005;
Gallagher, 2000; Haggard & Tsakiris, 2009). The experience of agency has
attracted considerable scientific interest over the past decade, as numerous
studies have shown that this experience can be influenced both by internal
and external cues (e.g., David, Newen, & Vogeley, 2008; Moore & Fletcher,
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2012; Moore, Wegner, & Haggard, 2009; Synofzik, Vosgerau, & Voss,
2013). One factor that has been argued to alter the sense of agency concerns
a person’s ability to fluently select one response out of many responsepossibilities (Haggard & Chambon, 2012; Sidarus & Haggard, 2016; Wenke,
Fleming, & Haggard, 2010). In the present study we expand on the response
fluency-agency link by investigating response selection and agency in a
response-conflict task.
Agency: prediction and inferences
Two processes have dominated the literature on the sense of agency
over the past years. First, agency can emerge through a process of forward
prediction. That is, prior to action performance, the sensory consequences of
the actions are simulated. A subsequent match between the simulated and
actual effects will lead to an increased sense of agency, and a mismatch will
reduce it (Blakemore, Wolpert, & Frith, 2000, 2002). Whereas this primary
assessment of agency originates from the workings of the sensorimotor
system, experiences of agency may also occur on a cognitive level
following inferential processes (Wegner, 2002; Wegner & Wheatley, 1999).
Agency can be inferred when it is easy to relate one’s actions or the action

16328-Wang_BNW.indd 93

15-03-19 16:29

94

|

Chapter 4

effects one produces to any thoughts preceding it (Aarts et al., 2005; David,
Stenzel, Schneider, & Engel, 2011). Besides, agency beliefs (Desantis,
Weiss, Schütz-Bosbach, & Waszak, 2012; Dogge, Schaap, Custers, Wegner,
& Aarts 2012) or contextual information (Damen, Van Baaren &
Dijksterhuis, 2014; Dijksterhuis, Preston, Wegner, & Aarts, 2008) have
been shown to modulate the experience of agency.
Response conflict as a source of agency.
Recent empirical attention on the emergence of experienced agency
has been directed at the relation between fluency in response selection and
agency. The importance of fluency was first shown in a study by Wenke,
Fleming, and Haggard (2010), who subliminally primed their participants
with potential future actions that were either compatible or incompatible
with actual future responses (e.g., presenting left arrow primes just before
participants performed left or right responses). Participants reported
increased agency when the primes matched the performed responses
compared to when primes and responses mismatched (see also Damen, van
Baaren, & Dijksterhuis, 2014). According to Wenke and colleagues (2010),
congruent response primes ‘smoothen’ response selection. Specifically, they
facilitate the response-selection processes by differentiating between
response alternatives and supporting the correct response.
Recent studies on the role of response selection fluency in agency
employed Stimulus-Response (S-R) compatibility tasks such the Flanker or
Stroop tasks (respectively, Sidarus & Haggard, 2016; Morsella et al., 2009).
In these studies, participants are typically presented with stimuli whose
features provide compatible or conflicting information, thereby facilitating
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or interfering with response selection. The experience of agency is then
usually assessed by subjective report of perceived control over performed
responses and subsequent effects (e.g., pushing a button to produce a tone).
For example, Sidarus and Haggard (2016) used a Flanker task showing that
the conflict induced by incongruent trials impaired both action performance
as well as the experience of agency, compared to the congruent trials.
Similarly, in a study on response interference, Morsella and colleagues
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(2009) showed reduced perceptions of control after incongruent trials on a
Stroop task (Stroop, 1935). These, and other recent findings (Sidarus,
Vuorre, & Haggard, 2017; Sidarus, Vuorre, Metcalfe, & Haggard, 2017;
Vastano, Pozzo, & Brass, 2017) have provided important groundwork to
establish the relation between response selection (conflict) and agency.
However, S-R paradigms such as the Flanker and Stroop task
actually provide two sources for conflict: There can be conflict due to
observing incompatible stimulus features (the word ‘blue’ printed in a red
font on the Stroop task, or, contrasting arrows on the Flanker task), and
there is conflict between two responses (the alternative response
possibilities). Systematic manipulations of these underlying processes have
in fact revealed separable contributions of stimulus and response conflict
(Carter & Van Veen, 2007; Dignath & Eder, 2015; Van Veen, Cohen,
Botvinick, Stenger, & Carter, 2001; Zmigrod, Zmigrod, & Hommel, 2016).
The question therefore remains whether fluency-agency effects are caused
by the incompatibility in stimulus features, response conflict, or both.
Accordingly, the Simon Task may provide important insights on the source
of the fluency-agency effects given that the reduced performance on this
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task is inherently caused by response conflict (Hommel, 2011; Wühr &
Heuer, 2017).
In the Simon task (Simon, 1990; Simon & Rudell, 1967),
participants are instructed to respond to a non-spatial stimulus dimension
according to an arbitrary rule while ignoring the spatial dimension of the
stimulus. Specifically, in a typical auditory Simon task (Simon & Rudell,
1967), stimuli consist of high-pitched and low-pitched sounds that require
the selection of two alternative actions. There are two dimensions of the
stimuli, the identity (the pitch relevant for the specific selection of an action,
e.g., low-pitch: push left, high-pitch: push right) and the position of the
sound (left or right ear). When the low-pitched voice is presented in the
right ear (incongruent condition), the irrelevant spatial dimension of the
voice automatically activates a right-hand response and conflicts with the
actually required (i.e., left-hand) response. This leads to increased reaction
times and error rates compared to a spatially congruent condition. This
Simon congruency effect, as mentioned above, is often attributed to the
conflict at the response-selection stage. Therefore, if an incongruent
condition on the Simon Task could be shown to be related to reduced
experiences of agency this would provide strong evidence for the
importance of response selection for the sense of agency.
Sequence effects in performance and agency
Our ability to fluently select and performs action is not only
influenced by the parameters of the present but also by those of the past. For
example, many studies that featured S-R compatibility paradigms have
revealed that performance on present trials is modulated by the nature of
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earlier trials. Specifically, performance on an incongruent conflict trial
typically impairs when that trial was preceded by a congruent conflict trial.
However, and importantly, performance on an incongruent conflict trial
considerably improves when that trial was preceded by another incongruent
conflict trial. This congruency sequence effect (CSE; aka as the Gratton
effect) has been commonly referred to as conflict adaptation Botvinick,
Braver, Barch, Carter, & Cohen, 2001; Gratton, Coles, & Donchin, 1992;

4

but see Duthoo, Abrahamse, Braem, Boehler, & Notebaert, 2014; Egner,
2007 for a discussion of several accounts for the CSE).
Although the processes underlying sequence effects are a matter of
much debate and thus remain tentative, they reliably occur to influence
response selection and performance. Because most of the research on the
sense of agency addresses single actions and events (but see Sidarus et al.,
2017 using a game context), the degree to which the subjective experience
of agency is also sensitive to sequential effects has not been empirically
examined so far. Given the close relation between response fluency and
performance on the one hand, and agency on the other hand it would
therefore be interesting to explore the influence of sequence effects in
performance on the experience of agency.
The present research
In the present research we investigated the relation between action
selection fluency and the experience of agency in the context of sequential
actions. In two studies participants performed an auditory Simon task in
which they had to respond to targets to cause a tone to occur (see Wang et
al., 2017; for a demonstration for experienced agency of operant actions
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assessed by implicit measures – intentional binding – in the Simon task).
The targets were presented in locations that were either congruent or
incongruent with the physical response locations. After responding to a
target participants were presented with a tone, and were then asked to
indicate the degree to which they felt to cause the tone to occur. Apart from
the typical congruency effects on performance, we expected higher levels of
experienced agency on the congruent rather than incongruent trials.
Furthermore, we explored sequence effects on action performance (reaction
times and errors) and subjective experience of agency.
Experiment 4.1
Method
Participants
Based on previous findings in a series of experiments reported by
Sidarus and colleagues (2016), we aimed to gather at least a test-sample of
25 subjects. Thirty-one university students (Mage = 23.29 years, SD = 2.60,
17 females) were recruited. Participants gave written informed consent and
were paid 8 Euros for participation in this experiment. All participants were
right-handed, and reported having normal audition. Five participants were
excluded from the analysis due to a programming error.
Materials and Procedure
The procedure and materials of the adapted Simon task were based
on Wang and colleagues (2017). In this task, participants learn to respond to
targets to cause a single tone to occur, and to indicate their feelings of
control over triggering the tone. Participants first learned the associations
between the auditory targets and the subsequently required actions. At the
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start of each trial, participants heard the spoken Dutch target word “ja”
(which means “yes”), which was played binaurally through a headset. Either
a high pitch or a low pitch male voice expressed the target. Participants
were instructed to press the left button with the index finger of the left hand
when they heard a high pitch voice, and to press the right button with the
index finger of the right hand when they heard a low pitch voice (or vice
versa). Participants were told to respond as fast and accurately as possible.

4

On the first 10 trials participants received feedback on the correctness of
their responses. In total, participants were given 50 trials to learn the targetresponse associations. A Cedrus R530 response pad was used in the present
study.
After participants completed the association-learning block, they
practiced the target-response associations in another block consisting of 20
trials. In this block participants also learned that their correct response
caused a tone to occur 250 ms later (frequency = 600 Hz, duration = 100
ms). If they committed errors, i.e., pressed the wrong button, no tone would
occur. Participants subsequently got acquainted with the agency rating
procedure and completed 12 trials in which they responded to the auditory
targets, heard tones, and were required to report agency judgements (“How
much control do you feel over triggering the tone by your action”, from 1 =
“least control” to 9 = “total control”), using the measure employed by
Sidarus and Haggard (2016).
The procedure in the test phase was similar to the last block of the
practice phase. A crucial difference compared to the practice phase was that
the high pitch and low pitch target voices were not presented in both ears,
but were randomly presented in either the left ear or the right ear (i.e., an
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auditory Simon manipulation). Participants were again required to respond
to the voice targets with their left of right hands, thus creating spatial
compatibility (e.g., presentation in left ear, left response) and spatial
incompatibility (e.g., presentation in left ear, right response). As in the
practice phase participants were instructed to press the corresponding button
as fast and accurately as possible to cause the tone to occur. 250 ms after the
key-press, a tone (frequency = 600 Hz, duration = 100 ms) occurred
following the correct response. The test phase consisted of four blocks of 40
trials each. Inter-Trial Intervals (ITIs) varied randomly, between 3000 and
5000 ms. If participants selected the wrong button, or they did not respond
in time (1000 ms), then the trial would be repeated at the end of the
corresponding block. The trials with wrong button presses, the trials
following the error trials (Clayson & Larson, 2011; Nieuwenhuis et al.,
2006; Erguts, Notebaert, Kunde, & Wühr, 2011), and trials where
participants did not react within 1000 ms were excluded from the analyses
on RTs and agency.
To explore the sequence effects in performance and agency, we
followed previous procedures (Clayson & Larson, 2011) by classifying each
trial according to its congruency and the congruency with the preceding trial,
which resulted into four types of trials: congruent trials preceded by
congruent trials (CC); congruent trials preceded by incongruent trials (IC);
incongruent trials preceded by congruent trials (CI); incongruent trials
preceded by incongruent trials (II). The CC and II trials were considered as
cognitively similar sequences; The CI and IC trials were considered as a
cognitively dissimilar sequence.
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Results
Simon Reaction Times
The Reaction Times (RTs) results are presented in Figure 4.1A1.
The mean RTs of correct trials were subjected to a repeated measure
ANOVA with previous-trial congruency and current-trial congruency as
two within-subjects factors (previous-trial congruency: congruent vs.
incongruent; current-trial congruency: congruent vs. incongruent), and
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mapping as a between-subjects factor (mapping: low-right/high-left vs. lowleft/ high-right). These analyses revealed a main effect of current-trial
congruency, indicating a Strong Simon effect, F(1,
24) = 70.92, p < .001, η2p = .75. Mean RTs on the incongruent trials were
longer than the mean RTs on the congruent trials (Mincongruent = 638.28, SD
= 68.04; Mcongruent = 595.45, SD = 74.88). The main effect of previous-trial
congruency was not significant, F(1, 24) = 1.48, p = .236, η2p = .06. More
importantly, there was a significant interaction effect between previous-trial
congruency and current-trial congruency F(1,24) = 38.22, p < .001,
η2p = .61, demonstrating a smaller Simon effect (incongruent RTs –
congruent RTs) after incongruent trials (Mdifference = 15.81, SD = 31.52), p
= .017, dz = .50, than after congruent trials (Mdifference = 69.19, SD = 35.57),
p < .001, dz = 1.95.
Accuracy
The results for accuracy are presented in Figure 4.1B1. The overall
accuracy rate of Experiment 1 was 96.63%. The number of button-press
errors were submitted to a repeated measure ANOVA. The results showed a
main effect of current-trial congruency, F(1, 24) = 19.76, p < .001,
η2p = .45. Participants committed more errors on the incongruent trials than
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on the congruent trials (Mincongruent = 4.96, SD = 4.40; Mcongruent = 1.23, SD =
1.80). The main effect of previous-trial congruency was also significant, F(1,
24) = 9.49, p = .005, η2p = .28. There were fewer errors when the previous
trial was incongruent (Mincongruent_previous = 2.42, SD = 2.50) compared to
when the previous trials was congruent (Mcongruent_previous = 3.77, SD = 3.14).
Though the interaction between previous-trial congruency and current-trial
congruency was not significant, F(1, 24) = 2.27, p = .145, η2p = .09, there
was a clear trend: The Simon effect (incongruent errors – congruent errors)
appeared to be stronger after congruent trials (Mdifference = 2.23, SD = 2.82),
dz = .79, than after incongruent trials (Mdifference = 1.50, SD = 2.06), dz = .73.
Agency ratings
The agency ratings results are presented in Figure 4.1C1. The mean
agency ratings were submitted to a repeated measures ANOVA. These
analyses revealed a main effect of current-trial congruency, F(1, 24) = 5.99,
p = .022, η2p = .20. The mean agency ratings on the incongruent trials were
lower than the mean agency ratings on the congruent trials (Mincongruent =
7.22, SD = 1.70; Mcongruent = 7.32, SD = 1.67). The main effect of previoustrial congruency was not significant, F(1, 24) = .38, p = .541, η2p = .02.
Also, the interaction effect between previous-trial congruency and currenttrial congruency was not significant, F(1, 24) = 1.19, p = .286, η2p = .05.
For exploratory purposes, we analyzed the agency-congruency effect as a
function of previous trial-type. These analyses showed that the congruency
effect (congruent ratings – incongruent ratings) was absent when the
previous trial was incongruent (Mdifference = .03, SD = .16), F(1, 25) = 2.40,
p = .134, dz = .19, but present when the previous trial was congruent
(Mdifference = .13, SD = .31), F(1, 25) = 4.64, p = .041, dz = .42.
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Figure 4.1 (Left) Results for Experiment 1. Figure 4.2 (Right) Results for
Experiment 2.
Panel A shows Mean RTs as a function of current-trial congruency and
previous-trial congruency; Panel B shows the mean error number; Panel C
shows mean agency ratings. RTs, errors, and agency ratings revealed a
congruency effect and this congruency effect was reduced after incongruent
trials compared to congruent ones. Error bars show standard errors of the
means. CC: congruent trials preceded by congruent trials; IC: congruent
trials preceded by incongruent trials, CI: incongruent trials preceded by
congruent trials; II: incongruent trials preceded by incongruent trials.
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Discussion
Experiment 1 showed that incongruence between the location of a
presented stimulus and a physical response location hampered response
selection, and led to reduced experiences of agency (or alternatively,
congruency facilitated response selection and agency). We therefore
replicate previous work employing other S-R compatibility tasks, such as
response priming task, Flanker task, and Stroop task (e.g., Morsella et al.,
2009; Sidarus & Haggard, 2016; Wenke et al., 2010). Moreover, we found a
sequence effect: The Simon effect in the present experimental setup was
much smaller following incongruent trials than following congruent ones.
The experiment thus successfully replicates previous studies showing
sequence effects in S-R tasks (Egner & Hirsch, 2005; Kerns, 2006).
Importantly, a similar trend was visible for the agency ratings: The
differences in agency ratings between compatible and incompatible trials
were smaller when trials followed earlier incongruent rather than congruent
trials – though the overall difference was not statistically significant.
It should be noted that the Simon task in the present study was
different from previous typical Simon task (Egner & Hirsch, 2005; Kerns,
2006) as the agency self-report was inserted between trials. Previous
literature found an attenuated sequential effect with longer inter-trial
intervals in reaction time tasks (Vallesi, Lozano, & Correa, 2013) thus the
self-report procedure and a relatively longer inter-trial interval of present
study should be taken into account when addressing the sequential effect.
Although suggestive, the data do not allow us to draw firm
conclusions about the relation between the CSE and the experienced agency.
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Therefore, Experiment 2 was developed to provide a replication of
Experiment 1 with a larger sample size in order to achieve more statistical
power. Based on previous recommendations, we aimed to include at least
2.5 times more subjects than in the first study (Simonsohn, 2015).
Experiment 4.2
Method

4

Participants
We recruited 90 university students between 18 and 30 years (Mage =
20.81 years, SD = 2.22, 74 females). All were right-handed native Dutch
speakers, and reported having normal audition. Participants gave written
informed consent and were paid 8 Euros for participation in this experiment.
One participant made too many errors (> 50%) and was therefore excluded
from analyses.
Materials and Procedure2
Experiment 2 was a replication of the first experiment, with one
small alteration. Debriefings from Experiment 1 indicated that participants
found the time between the rating and the next response trial sometimes too
long, and therefore felt they had to regularly wait before the task proceeded.
Therefore, shorter inter-trial intervals were used, varying randomly between
1500 and 3000 ms. Furthermore, to establish the effectiveness of the Simon
task as a way to manipulate action selection fluency, at the end of the task
we asked participants to indicate how difficult it was to respond in the
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congruent condition and in the incongruent condition. They answered on a
9-point scale (1 = “very easy” to 9 = “very difficult”).2
Results
Difficulty ratings
A paired t-test on the ratings of task difficulty showed that
participants experienced more difficulty in the incongruent condition than in
the congruent condition (Mincongruent = 5.04, SD = 2.04, Mcongruent = 4.16, SD
= 2.42), t(88) = − 3.68, p < .001, dz = .39, suggesting that response selection
was felt as more difficult when the auditory location and the response
location differed.
Reaction Times
The mean RTs are presented in Figure 4.2A2. The mean RTs of
correct trials were subjected to a repeated measure ANOVA with previoustrial congruency and current-trial congruency as within-subjects factors
(previous-trial congruency: congruent vs. incongruent; current-trial
congruency: congruent vs. incongruent), and mapping as a between-subjects
factor (mapping: low-right/high-left vs. low-left/ high-right). These analyses
revealed a main effect of current-trial congruency, F(1, 87) = 291.03, p
< .001, η2p = .77. A strong Simon effect was shown: The mean RTs of the

2

In Study 2 we explored the effects of different type of instructions as to the
representation of the task: One group of participants was told the task would demonstrate
how external cues can automatically influence behavior; another group was told the task
would demonstrate how the mobilization of willpower can overcome automatic influence
of external cues on behavior; external influence; another group was given no additional
instructions (identical to Study 1). However, the manipulation-checks showed complete
failure to influence participants’ perception of the task. Also, the manipulations did not
yield meaningful effects on the dependent variables. We report this manipulation as a
footnote for reasons of both transparency and readability.
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incongruent trials were longer than the mean RTs of congruent trials
(Mincongruent = 575.69, SD = 77.03; Mcongruent = 527.28, SD = 77.94). There
was also a main effect of previous-trial congruency, F(1, 87) = 10.75, p
= .002, η2p = .11. Mean RTs were shorter when the previous trial was
congruent than when the previous trial was incongruent (Mcongruent_previous =
545.78, SD = 75.84; Mincongruent_previous = 556.74, SD = 78.44). In general,
the reaction time in the present experiment was shorter than in Experiment 1,
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which may be caused by the adjustment of the ITI with a relatively shorter
time.
Importantly, there was a significant interaction effect between
previous-trial congruency and current-trial congruency, F(1, 87) = 179.89, p
< .001, η2p = .67, indicating a decreased Simon effect (incongruent RTs –
congruent RTs) following the incongruent trials (Mdifference = 19.24, SD =
34.23), p < .001, dz = .56, than following the congruent trials (Mdifference =
77.19, SD = 32.57), p < .001, dz = 2.37.
Accuracy
Mean accuracy is presented in Figure 4.2B2. In experiment 2, the
overall accuracy rate was 94.61%. The number of button press errors for all
experimental trials (including the wrong button choices in the rerun trials)
effect of current-trial congruency, F(1, 87) = 104.68, p < .001,

η p2

were submitted to a repeated measure ANOVA. The results showed a main
= .55.

Participants committed more errors in the incongruent trials than in the
congruent trials (Mincongruent = 7.20, SD = 5.64; Mcongruent = 1.43, SD = 2.04).
There was also a main effect of previous-trial congruency, F(1, 87) = 12.43,
p = .001, η2p = .13. There were fewer errors when the previous trial was
incongruent (Mincongruent_previous = 4.12, SD = 3.92) compared to when the
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previous trial was congruent (Mcongruent_previous = 5.17, SD = 3.48).
Furthermore, there was a significant interaction effect between previoustrial congruency and current-trial congruency, F(1,87) = 58.41, p < .001,
η2p = .40. The Simon effect (incongruent errors – congruent errors) was
smaller following incongruent trials (Mdifference = 1.65, SD = 3.12), p < .001,
dz = .53, than following congruent trials (Mdifference = 4.34, SD = 3.30), p
< .001, dz = 1.32.
Agency ratings
The mean agency ratings results are presented in Figure 4.2C2. The
analyses revealed a main effect of current-trial congruency, F(1, 87) = 4.94,
p = .029, η2p = .054. The mean agency ratings on the incongruent trials
were lower than the mean agency ratings on the congruent trials (Mincongruent
= 7.35, SD = 1.35; Mcongruent = 7.50, SD = 1.32). The main effect of
previous-trial congruency was not significant, F(1, 87) = .81, p = .370,
η2p = .009. Furthermore, the interaction effect between previous-trial
congruency and current-trial congruency was significant, F(1, 87) = 11.86,
p = .001, η2p = .12. Simple effects analyses showed the difference between
the current congruent trials and incongruent trials when preceded by
congruent trials (Mdifference = .23, SD = .81), F(1, 88) = 7.31, p = .008, dz
= .28, but was statistically absent following incongruent trials (Mdifference
= .07, SD = .53), F(1, 88) = 1.73, p = .192, dz = .13.
The relationship between the performance and agency experiences
We explored whether performance itself explains our findings on
agency effects. For both experiments, we examined the role of responses
time and response accuracy as predictors of agency. Note that the sample
size in Experiment 1 is small, and the initial sequence effect in
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this experiment was not significant. For the sake of completeness,
however, we report the role of responses time and response accuracy for
both experiments.
Response times
The response times can be considered as the output of an action
selection process that is modulated by response conflict and the previous

4

trial type. Thus RTs may serve as a cue for subjective experiences, such as
the sense of agency. Therefore, linear mixed-effects models were used to
model single-trial level data. The ratings were modeled by the factors
current-trial congruency and previous-trial congruency. RTs were added as
a covariate. Current-trial congruency, previous-trial congruency, and RTs
were allowed to vary between participants (i.e., participant random
intercepts and slopes). The results showed that RTs were negatively related
to agency ratings and this effect was significant Exp. 2, t(82.89) = − 5.25,
p < .001, 95% CI = [− 2.09e−3, − 9.41e−4]; this effect was not significant in
Exp. 1, t(25.21) = − 1.67, p = .107, 95% CI = [− 1.52e−3, 1.56−4].
Importantly, the sequence effect (interaction effect between current-trial
congruency and previous-trial congruency) remained a significant predictor
of agency ratings in Exp. 2: t(13231.88) = 2.05, p = .040, 95% CI =
[ .003, .135]; as in the original analysis of Exp. 1, the covariance analysis
produced a non-significant sequence effect, t(3785.90) = .294, p = .769, 95%
CI = [− .081, .110]. Taken together, the analyses suggest that slower
responses are associated with weaker agency experiences. Importantly, the
sequence effect remained significant, indicating that RTs alone cannot fully
explain the sequence effect on agency experiences.
Response accuracy
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We also explored the relationship between the general accuracy and
agency ratings. Because the congruency sequence effect data do only
include accurate trials, we calculated the Pearson Product Moment
correlation coefficient between general accuracy and agency experiences on
the level of subjects. In neither experiment there was there a significant
correlation between the number of response errors and experienced agency:
Experiment 1 r(26) = .316, p = .116; Experiment 2 r(89) = −.17, p = .103.
This suggests that variations in agency experiences cannot be easily
attributed to accuracy.
Discussion
In the present research we employed an auditory Simon task to
explore the relationship between response selection and experienced agency.
In two experiments, we found a typical Simon effect: Participants were
slower to respond, and committed more errors on trials on which a target
locations and response locations were spatially incompatible rather than
compatible (Simon & Rudell, 1967). Additionally, in the present
experiments individuals reported reduced agency experiences after
incongruent compared to congruent trials. We thereby replicate previous
research showing that whereas fluent responding is associated with stronger
experiences of agency, difficulties in responding are associated with
reduced experiences of agency (Chambon, Sidarus, & Haggard, 2014;
Haggard & Chambon, 2012; Sidarus et al., 2017; Wenke et al., 2010).
The present replication was important given that fluency and
congruency in the Simon task paradigm are relatively straightforward to
explain: Whereas the (dis)fluency emerging from the response priming task
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(Wenke et al., 2010), the Stroop Task (Morsella et al., 2009), and the
Flanker Task (Sidarus & Haggard, 2016) can all be explained through both
response conflicts as well as the presentation of an incompatibility across
stimuli, the source of congruency effect in the Simon task is inherently
caused by a difficulty in response selection. Our findings with the Simon
Task therefore allow for an increased degree of certainty of the importance
of response selection conflicts in the relation between fluency and agency.

4

In our analyses we explored sequential trial effects. In line with
previous studies we found that the Simon effect was reduced following
incongruent trials relative to congruent trials (Egner & Hirsch, 2005; Kerns,
2006). More importantly, however, in Study 2 (with a relatively large
sample size) we also found that specific trial sequences influenced
participants’ reported experiences of agency. While incongruent trials were
typically associated with reduced experiences of agency relative to
congruent trials, this difference in reported agency became much smaller
when trials were preceded by incongruent (vs. congruent) trials. Specifically,
our congruency sequence exploration of the data in terms of response
selection fluency effects on agency suggests a sort of Gratton effect on
agency experiences. The Gratton effect commonly pertains to performance,
and has been initially explained in terms of conflict adaption (Blais,
Stefanidi, & Brewer, 2014; Botvinick et al., 1999; Clayson & Larson, 2011;
Gratton, Coles, & Donchin, 1992) but also explored in terms of different
accounts (associative priming, conflict costs; Duthoo et al., 2014; Egner,
2007, 2014; Mayr, Awh, & Laurey, 2003; Nieuwenhuis et al., 2006;
Schmidt & De Houwer, 2011; Schmidt & Weissman, 2014). Whereas the
exact mechanism underlying sequence effects on performance remains
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unclear, it is important to note that the present sequence effect on agency
experiences could not be easily attributed to actual performance alone. This
novel and intriguing finding shows that whether or not one feels agency for
actions is influenced by the nature and experiences of previous events and
actions.
Recent conceptual developments on agency suggest that the sense of
agency consists of two levels of agency: The implicit “feeling of agency”
and the explicit “judgment of agency”. Implicit agency has been suggested
to emerge from sensorimotor prediction (Berberian, Sarrazin, Le Blaye, &
Haggard, 2012; Dewey & Knoblich, 2014; Lynn, Muhle-Karbe, Aarts, &
Brass, 2014; Saito, Takahata, Murai, & Takahashi, 2015), whereas explicit
agency is assumed to also emerge from higher-level cognitions (Synofzik et
al., 2008). While the present study only investigated the explicit sense of
agency, a recent study by Wang and colleagues (2017) using the same
Simon task found no effects of action fluency on implicit agency with an
intentional binding measure. The findings in present study therefore provide
an intriguing contrast to Wang and colleagues’ findings (2017) as these
research lines suggest that response selection fluency affects agency through
inferential processes related to the explicit sense of agency but not
sensorimotor prediction underlying implicit sense of agency. More research
is however required to further validate this notion.
On a final note, it should be stressed that the present study did not
include a baseline, which makes it difficult to be conclusive about the
direction of effects. Whether effects are due to facilitation, or interference,
or both, cannot be resolved with the present design. A previous study using
the Flanker task (Sidarus & Haggard 2016) showed that agency ratings were
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significantly lower in an incongruent condition than in a congruent
condition and that the difference between a congruent and neutral condition
was not significant. But it is hard to anticipate whether this can be
generalized to the present Simon task. Previous studies using the Simon task
to determine either facilitation or interference showed mixed results (Lu &
Proctor, 1995; Simon & Acosta, 1982), and more Simon-task studies
featuring a baseline are therefore required to determine the direction of both

4

the effects on performance and agency. Another limitation is that whereas
previous studies revealed that shorter inter-trial intervals
increased interference sequence effects - and that longer inter-trial intervals
reduced them (Egner, Ely, & Grinband, 2010) – the length of the inter-trial
intervals in the present studies
was not recorded and could therefore not be included in the analyses.
This research replicates and expands on previous research that
examines the relationship between action selection fluency and agency. It
shows that difficulty in response selection leads to reductions in agency, and
that this disfluent response selection effect on agency is sensitive to the
sequential action context.
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Hold your horses: Temporal delays of
selected actions modulate performance
and agency in situations of conflict
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Abstract
Previous research has associated fluent action selection with a stronger
sense of agency and disfluent selection with a reduced sense of agency. In
the present paper, we report three studies in which we investigated whether
temporal delays of a selected response would increase performance and
agency in contexts of response conflict. Featuring an auditory Simon task,
participants either responded immediately to an auditory stimulus or were
given some time before being required to respond. Results showed that
selected response delays increased performance, and reduced the effects of
response conflict on the sense of agency. However, these effects were partly
replicated when testing the temporal delay effects of selected action versus
general action on agency experiences. Results are briefly discussed in the
context of research addressing how the sense of agency is elevated when
people take more time to respond after conflict.
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Introduction
People engage in goal-directed behavior. They have the ability to set
goals, select an appropriate goal-directed action and then monitor progress
and achievement of the intended goal (Botvinick, Nystrom, Fissell, Carter,
& Cohen, 1999; Ridderinkhof, Van Den Wildenberg, Segalowitz, & Carter,
2004). This so-called volitional process of the intention-action-outcome
chain has been shown to be strongly associated with the sense of agency,

5

i.e., the feeling that one causes actions and outcomes (Aarts, Custers, &
Wegner, 2005; David, Newen, & Vogeley, 2008), which represents a basic
and pervasive component of our conscious experience (Haggard, 2005;
Gallagher, 2000; Marcel, 2003; Wegner & Wheatley, 1999).
In the last 15 years, research in psychology and cognitive
neuroscience has started to address the processes underlying the sense of
agency when people engage in intentional behavior. One major line of
research examines the outcome monitoring process involved in
sensorimotor control of behavior. A typical finding in this research is that
the sense of agency is highly dependent on a matching process between the
predicted action outcomes (when a person pushes a key to play a low tone)
and the actual sensory outcomes (Blakemore, Wolpert, & Frith, 2000;
Haggard & Clark, 2003; Moore & Haggard, 2008; Sato, 2009).
Whereas the outcome monitoring process occurs fairly late in the
intention-action-outcome chain, recent research also started to address the
sense of agency in the action selection process underlying the translation of
intention into action (Chambon & Haggard, 2012; Wenke, Fleming, &
Haggard, 2010). A general finding in this research area is that the ease of
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selecting a response evokes an instant state of fluency that is associated with
a stronger sense of agency, whereas disfluent response selection is
associated with a reduction in agency. The present paper deals with this
action selection fluency – agency link by addressing the role of a major selfregulatory tool in successful goal achievement. Specifically, we examine
whether and how postponing the execution of the selected or intended
response creates a sense of agency after the occurrence of conflict.
Most prior research on the relationship between action selection and
the sense of agency focused on the specific context where people have to
react immediately (Chambon & Haggard, 2012; Damen, Dijksterhuis, &
Baaren, 2014; Sidarus & Haggard, 2016; Sidarus, Vuorre, & Haggard, 2017,
Sidarus, Vuorre, Metcalfe, & Haggard, 2017; Vastano, Pozzo, & Brass,
2017; Wang, Damen, Aarts, 2017; 2018). For instance, Wang et al. (2018)
used the Simon task that required participants to directly respond to a cue.
In this task, participants have to select a response depending on the
nonspatial cue feature (e.g., the pitch or frequency of a voice). The location
of the cue is either congruent or incongruent with the correct response
location. It has been suggested that in the incongruent condition the
irrelevant stimulus location activates an automatic response tendency that
leads to response conflict with the required response (Lu & Proctor, 1995).
To solve the conflict, individuals need to inhibit the response activated by
the stimulus location (left ear) and select a different response based on the
identity of the stimulus (press right). As the selected response is required to
be executed right away, the conflict between the two response tendencies is
rather high (Hommel, 1994). Wang et al. (2018) established a lower degree
of the experienced agency when the trial induced a response conflict (e.g.,
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the right response cue interfered with the activation of the left response
triggered by another irrelevant cue). This instant fluency effect on agency
has been reported by other research (Sidarus & Haggard, 2016; Wenke et al.,
2010), and seems quite robust. Interestingly, Wang et al. (2018) also found
that the relation between response conflict and the sense of agency was
modulated by a congruency sequence effect: The response conflict effect on
the sense of agency vanished when the trial was preceded by another
conflict.

5

The findings discussed above suggest that the timing at which an
imperative cue triggers a response matters for how the sense of agency is
established. Experiences with previous response conflict improve
performance on the next imperative cue causing response conflict, which
increases agency (Wang et al., 2018). However, optimizing action selection
in conflict on the basis of previous action conflict is only one way in which
agency experiences might be elevated. People might also postpone and hold
their intended action after a conflict has occurred. Indeed, there are many
situational constraints that require people to wait and to keep action on hold
(Aarts & Dijksterhuis, 2003; Veling & Aarts, 2011). Under such conditions,
one needs to maintain action goals in mind for later implementation and to
inhibit premature or impulsive reactions (Miller, 2000). The capacity to
maintain goals over time is one of the major self-regulatory mechanisms
that underpin successful goal achievement (Buckley, Cohen, Kramer,
McAuley, & Mullen, 2014; Ridderinkhof et al., 2004). How this selfregulation process influences the sense of agency has not received empirical
attention so far, and especially when action selection occurs in a conflict
context. Thus, while direct response execution upon response conflict
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renders action selection relatively disfluent and experienced agency weak,
we do not know how response conflict affects the sense of agency when
people hold their response for later execution.
In order to understand the role of action postponement in the relation
between action conflict and experienced agency two different features need
to be distinguished. First, delaying a selected response until a later cue
occurs allows people to better prepare for the right moment (e.g., Damen et
al, 2014; Gollwitzer, 1999). According to previous research using reaction
time tasks, temporal delays facilitate people’s performance (Davranche et
al., 2007; MacDonald & Meck, 2004; Niemi & Näätänen, 1981; Tandonnet,
Burle, Vidal, & Hasbroucq, 2003). However, apart from a general
improvement in response preparation, delay of action also buys people time
after conflict occurred. When individuals do not need to respond
immediately to response conflict, but they can wait, they can disentangle
themselves from the “hot” process (the sudden eruption of conflict between
the two response tendencies). This way, the effect of response conflict and
disfluency on the sense of agency might be reduced. Accordingly,
examining delays in responding after conflict can offer insights into when
and how action selection impacts the sense of agency in the intentionaction-outcome chain. The present study was designed to examine this
intriguing issue.
The present study
In three experiments the sense of agency was investigated in the
context of an auditory Simon task. We manipulated the delay between the
moment participants encounter the response conflict and the time they have
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to release the selected response. The release of selected responses was
operationalized as the moment an imperative cue occurred that signaled the
execution of the selected action. The first experiment was conducted as a
test to examine whether and how temporal delays affect the overall
performance and influence the conflict resolution in the Simon task.
Therefore, we tested six levels of time delay (0, 100, 200, 300, 400 and 500
ms). In the second and third experiment, we also included measurements of
agency and were interested in how the delay intervals influence the relation

5

between response conflict and sense of agency. We expected that temporal
delays of selected responses increase speed of responding (due to improved
response preparation). Furthermore, if delays cancel the role of response
conflict on performance, then the Simon (congruency) effect should
diminish as well. The effects of delays are more difficult to predict for the
sense of agency. If experienced agency follows instant performance fluency,
then the effects of response conflict (and disfluency) on agency will
decrease over time (as the effect of an instant state of disfluency dwindles).
However, if response conflict induces a distinct state of disfluency that
lingers on, then the congruency effect on the sense of agency should be
insensitive to delays after conflict. Either result would shed light upon how
delayed responses in the context of conflict relate to the sense of agency.
Experiment 5.1
Method
Participants
Twenty-two university students (M = 22.09, SD = 2.47, 19 females)
were recruited for participation. All participants were right-handed and

16328-Wang_BNW.indd 121

15-03-19 16:29

122

|

Chapter 5

reported normal audition. Participants gave written informed consent and
were paid 8 Euros for participation in this experiment. All participants were
naïve with respect to the purpose of the study.
Materials & procedure
Practice phase
Participants first learned the associations between the auditory
targets and the subsequently required actions. At the start of each trial,
participants heard the spoken Dutch target word “ja” (which means “yes”),
which was played binaurally through a headset. Either a high pitch or a low
pitch male voice expressed the stimulus. Participants were instructed to
press the left button with the index finger of the left hand when they heard a
high pitch voice, and to press the right button with the index finger of the
right hand when they heard a low pitch voice (or vice versa depending on
the mapping condition, which was counterbalanced across participants).
Participants were informed to respond as fast and accurately as possible. On
the first 10 trials, participants received feedback on the correctness of their
responses. In total, participants were given 50 trials to learn the stimulusresponse associations. A Cedrus R530 response pad was used as a response
interface.
After participants completed the association-learning block, they
practiced the task with delay intervals in another block consisting of 12
trials. Participants either had to respond to the auditory stimulus
immediately or postpone their response until another visual stimulus (a blue
circle with a cross inside) was presented. The time interval between the
auditory stimulus and the blue circle (with a cross inside) was manipulated
(100 ms vs. 200 300, 400, 500 ms). There were also trials that required
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participants to respond immediately. We refer to this situation as the 0 ms
condition.
Experimental phase
The procedure was similar to the practice phase: Participants either
were required to respond to the auditory stimulus (the voice) immediately or
hold their response until they saw a visual stimulus (a blue circle with a
cross inside). Different from the practice phase, the voice was presented in
only a single ear so the position of the voice was either congruent or

5

incongruent with the position of the response. In the delayed trials, a blue
circle was firstly present on the screen. And then a high-pitched or a lowpitched voice would occur. Participants were required to choose the correct
action in response to the voice but they had to postpone their response until
a cross occurred inside the blue circle. After their response, the next trial
started after an inter-trial interval (ITI) of 1000 ms. In addition, a baseline
without a delay period was added and randomly mixed with other trials. In
the baseline trials, the blue circle with a cross was presented before the
voice. Participants were required to respond to the voice immediately and
again they had to respond as fast and accurately as possible.
There were 480 trials in total divided over four blocks in the
experimental phase. After each block participants were allowed to have a
short break. Following the response exclusion procedure of earlier research
(Wang et al., 2017; 2018), trials in which participants responded before 100
ms or after 1000 ms, trials with wrong button presses, and a first practice
trial in each block, were excluded from the analyses (7.16% in total).
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Figure 5.1. Time course of a trial for the baseline trials (left) and the delay
trials (right) separately.
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Results
Reaction Times
The mean RTs (Fig. 5.1.1) were subjected to a repeated measures
ANOVA with congruency and interval as within-subjects factors
(congruency: congruent vs. incongruent; interval: 0 ms vs. 100 vs. 200 vs.
300 vs. 400 vs. 500 ms) and mapping as a between-subjects factor (mapping:
low-right/high-left vs. high-right/low-left). These analyses revealed a main
effect of congruency, F(1, 20) = 105.55, p < .001, η2p = .84. Participants

5

responded faster in the congruent condition than in the incongruent
condition (Mcongruent = 391.49, SD = 46.30; Mincongruent

=

419.42, SD =

48.76). There was also a main effect of interval, F(5, 100) = 330.64, p
< .001, η2p = .94. Participants responded slowest when required to respond
immediately, and as the delay interval was increased, responses to targets
became faster (see Fig. 1.1). Importantly, the interaction effect between
congruency and interval was significant, F(5, 100) = 8.02, p < .001,
η2p = .29: The congruency effect (Indexed by the difference score of RTs:
Incongruent – Congruent) became smaller as the interval was increased. The
congruency effect was strong at 0 ms (dz = 1.72) and much smaller when
the delay interval was 500 ms (dz = .50).
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Figure 5.1.1. Mean reaction time as a function of congruency and time
interval. Error bars show standard errors of the means.
Accuracy
The number of errors (Fig. 5.1.2) were submitted to a repeated
measures ANOVA and the results showed a main effect of congruency, F(1,
20) = 25.89, p < .001, "2p = .56. Participants committed fewer errors in the
congruent condition than in the incongruent condition (Mcongruent = 3.41, SD
= 2.94; Mincongruent = 14.14, SD = 11.23). There was also a main effect of
interval, F(5, 100) = 4.56, p = .001, "2p = .19. Participants committed fewer
errors when the interval was longer than when the interval was shorter.
Furthermore, the interaction effect between congruency and interval was
significant, F(5, 100) = 3.89, p = .003, "2p = .16. The congruency effect
(the difference score of error number: Incongruent – Congruent) became
smaller when the interval was increased. As with the response time measure,
the congruency effect was strong at 0 ms (dz = 1.15) and smaller but when
the delay interval was 500 ms (dz = .50).
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Figure 5.1.2. Mean error number as a function of congruency and time
interval. Error bars show standard errors of the means.
Discussion
Experiment 1 showed that individuals were quicker to respond and
made fewer errors in the Simon task when they were given time before they
had to execute their responses. The improvement in performance replicates
findings reported in previous literature (Langner, Steinborn, Chatterjee,
Sturm, & Willmes, 2010; Niemi & Näätänen, 1981). It has been suggested
that enhanced performance may be caused by better response preparations
with delay intervals (Niemi & Näätänen, 1981; Wühr, 2006; Wühr, Frings,
& Heuer, 2018). More importantly, when participants had more time, the
Simon congruency effect (slower responses and more errors on incongruent
trials) decreased. This decreased congruency effect may be due to the decay
of the response tendency activated by the stimulus location (Hommel, 1994).
Experiment 1 therefore provides evidence on the relationship between the
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target-action time and performance. In Experiment 2, in addition to our
measurement of performance, we also investigated the impact of response
conflict and target-action delays on a measure of experienced agency.
Experiment 5.2
Method
Participants
Based on the reliable performance effects of delay established in
Experiment 1, we aimed to obtain a sample of similar size. 26 university
students (M = 22.68, SD = 2.83, 20 females) participated for monetary
compensation. All participants were right-handed, and reported having
normal audition. Participants gave written informed consent. One
participant was aware of the goal of the study and was therefore excluded
from the analyses.
Materials & procedure
The procedure in the experimental phase was similar to the first
experiment. A crucial difference was that when participants responded
correctly, 250 ms later, a tone occurred (the action effect), and participants
we required to additionally report a judgment of agency (“How much
control do you feel over triggering the tone by your action”, from 1 = “least
control” to 9 = “total control; Sidarus & Haggard, 2016; Wang et al., 2018).
The experiment consisted of 480 trials, which were presented in four blocks
and three short breaks. Trials in which participants responded before 100 ms
or after 1000 ms, trials with wrong button presses, and a first practice trial
in each block, were excluded from the analyses (10.71%)
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Figure 5.2. Time course of a trial for the baseline trials (left) and the delay
trials (right) separately.
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Results
Reaction Times
The mean RTs (Fig. 5.2.1) were subjected to a repeated measures
ANOVA with congruency and interval as within-subjects factors
(congruency: congruent vs. incongruent; interval: 0 vs. 100 vs. 200 vs. 300
vs. 400 vs. 500 ms) and mapping as a between-subjects factor (mapping:
low-right/high-left vs. high-right/low-left). These analyses revealed a main
effect of congruency, F(1, 23) = 77.90, p < .001, η2p = .77. Participants
responded faster in the congruent condition than in the incongruent
condition (Mcongruent = 456.51, SD = 70.87; Mincongruent = 486.35, SD =
67.57). There was also a main effect of interval, F(5, 115) = 345.44, p
< .001, η2p = .94. Participants were slowest when required to respond
immediately, and as the interval was increased, the responses to targets
became faster. Furthermore, the interaction effect between congruency and
interval was significant, F(5, 115) = 5.96, p < .001, η2p = .21. The
congruency effect (Indexed by the difference score of RTs: Incongruent –
Congruent) became smaller as the interval became longer. Replicating the
results of Experiment 1, the congruency effect was strong at 0 ms (dz = 1.60)
and much smaller when the delay interval was 500 ms (dz = .48).
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Figure 5.2.1. Mean reaction time as a function of congruency and time
interval. Error bars show standard errors of the means.
Accuracy
The number of errors (Fig. 5.2.2) were submitted to a repeated
measures ANOVA and the results showed a main effect of congruency, F(1,
23) = 41.17, p < .001, "2p = .64. Participants committed more errors in the
incongruent condition than in the congruent condition (Mcongruent = 4.28, SD
= 6.16; Mincongruent = 10.76, SD = 8.97). The interaction effect between
congruency and interval was marginally significant, F(5, 115) = 2.19, p
= .060, "2p = .09. The congruency effect (the difference score of error
number: Incongruent – Congruent) became smaller when the interval was
increased. The congruency effect was strong at 0 ms (dz = .96) and much
smaller when the delay interval was 500 ms (dz = .39). There was no main
effect of interval, F(5, 115) = 1.88, p = .103, "2p = .08.
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Figure 5.2.2. Mean error number as a function of congruency and time
interval. Error bars show standard errors of the means.
Agency ratings
A repeated measures ANOVA on the agency ratings (Fig. 5.2.3)
yielded a significant main effect of congruency, F(1, 23) = 4.95, p = .036,
"2p = .18. The agency ratings were higher in the congruent condition than in
the incongruent condition (Mcongruent = 6.80, SD = 2.00; Mincongruent = 6.72,
SD = 2.03). The main effect of interval was also significant, F(5, 115) =
3.42, p = .006, "2p = .13. Generally, shorter delays resulted in higher
agency scores, although this effect mainly seems to occur at 0 ms.
Importantly, there was an interaction effect between congruency and
interval, F(5, 115) = 2.05, p = .076, "2p = .08. The congruency effect on the
agency ratings (Congruent – Incongruent) became smaller with longer
intervals (# 300 ms) compared to shorter intervals (< 300 ms). Replicating
the pattern on performance of RT’s, the congruency effect was moderate at
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0 ms (dz = .47) and rather small when the delay interval was 500 ms (dz
= .08).

5

Figure 5.2.3. Mean agency ratings as a function of congruency and time
interval. Error bars show standard errors of the means.
Discussion
The results in Experiment 2 again revealed a strong response effect
of target-action delays on performance: When the time intervals increased,
participants’ responses were faster, more accurate, and the Simoncongruency effect became smaller. The experiment also replicates previous
research on the action fluency agency link (Chambon & Haggard, 2012;
Chambon et al., 2012; Sidarus & Haggard, 2016; Wang et al., 2018; Wenker
et al., 2010), showing that action selection fluency impairment, as is the
case on the incongruent trials, weakens sense of agency.
More importantly, this experiment also revealed effects due to
temporal delays. First, agency ratings were lower when individuals had time

16328-Wang_BNW.indd 133

15-03-19 16:29

134

|

Chapter 5

before executing their response. Close inspection of the data shows a sharp
decrease after 0 ms (that is, after an immediate response), suggesting that
holding of a response may be perceived as being less controllable,
ultimately reducing the sense of agency. Important to note, however, is that
this effect was qualified by an interaction between the congruency and delay
conditions: The congruency effect on the agency ratings became smaller
when the interval was longer and when individuals had more time to
provide the intended response. So whereas holding a response in general
may reduce the sense of agency, a subsequently longer delay may increase
the sense of agency in conflict situations. This enhanced agency can be
explained by the decreased conflict (and thus weakened state of disfluency),
which may be driven by the decay of the response tendency primed by the
stimulus location.
Experiment 5.3
Although the findings of Experiment 2 were promising, we deemed
it important to replicate the study to quantify the stability of the effect.
Second, we aimed to further scrutinize the role of action delay in these
effects. While the decreased effect of response conflict on agency after
response delay seems in line with the notion that conflict (and hence fluency)
effects wear off over time, we do not know whether these effects are due to
delaying intended responses (e.g., press left) or holding action in general
(e.g., press without selecting the left hand or the right hand). Putting a
general break on the action system might bring people into a psychological
state of anxiety and concern (e.g., when should I do what?; Turner, Beidel
& Wolff, 1996; Wenzlaff & Wegner, 2000). This might also explain the
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main effect of delay of agency. Once such concerns kick in and sustain over
time, there is no longer room for response conflict to affect agency.
To explore this idea, in Experiment 3 participants were not only
required to hold their intended responses, but also actions in general.
Therefore, equal time delay levels were implemented before and after
conflict, thus separating general task preparation from selected action
preparation. It is important to note that in Experiment 2 subjects also could
prepare for the task, but the time window between task preparation cue and

5

actual responding was not manipulated. We expected to replicate the
interaction pattern of Exp. 2: The congruency effect on agency decreases
with longer time delays of the selected response after conflict. Our test of
general pre-action delays has a more exploratory nature, and therefore we
had no clear expectations of how holding action and general task
preparation would affect the sense of agency after conflict.
Method
Participants
We recruited thirty participants from a new sample of university
students (M = 20.30, SD = 2.55, 26 females). Participants gave written
informed consent and received payment for participation in this experiment.
All participants were right-handed, and reported having normal hearing.
Materials & procedure
The experimental procedure was similar to the second experiment:
participants either were asked to respond to the voice immediately or
postponed their responses until a blue circle with a cross inside was
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presented. Different from the second experiment, in the current experiment,
there were seven time intervals between the Simon stimulus and the target
(a blue circle with a cross): – 400, – 200, – 100, 0, 100, 200, 400 ms. A
negative time interval indicates that participants saw the visual stimulus (a
blue circle with a cross inside) before presented with the voice and
responding with the selected action to the voice. When the interval was 0,
the auditory stimulus (the high/low pitched voice) and the visual stimulus
were present simultaneously, and participants had to respond to the voice
immediately. Note that this 0 ms condition is different from the one in Expt.
1-2, as the previous experiment did not present the auditory stimulus and the
visual stimulus at the same time. The positive time interval is similar to
Expt. 1-2: Participants heard the voice and later saw the blue circle with the
cross signaling them to respond. In the positive time interval trials,
participants had to hold their response until the visual stimulus occurred.
There were four blocks with 140 trials per block, 560 trials in total. Trials in
which participants responded before 100 ms or after 1000 ms, trials with
wrong button presses, and a first practice trial in each block, were excluded
from the analyses (10.57% in total).

16328-Wang_BNW.indd 136

15-03-19 16:29

|

137

!"#$%&#'(!!
)***!+,

!"#$%&#'(!!
)***!+,

5

+
+

-./

!2'#3/!!
)**!+,

+

5%7</&!3./

9/,6'(,/

9/,6'(,/

:3&#'(!/;;/3&!

:3&#'(!/;;/3&!

Least
control

Most
control

Least
control

Most
control

"#$%!

Figure 5.3. Time course of a trial for the baseline trials (left) and the delay
trials (right) separately.
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Results
Reaction Times
The mean RTs (Fig. 5.3.1) were subjected to a repeated measures
ANOVA with congruency and interval as within-subjects factors
(congruency: congruent vs. incongruent; interval: – 400 vs. – 200 vs. – 100
vs. 0 vs. 100 vs. 200 vs. 400 ms) and mapping as a between-subjects factor
(mapping: low-right/high-left vs. high-right/low-left). These analyses
revealed a main effect of congruency, F(1, 28) = 106.81, p < .001,
η2p = .79. Participants responded faster in the congruent condition (M =
482.23, SD = 68.58) than in the incongruent condition (M = 520.84, SD =
65.92). There was also a main effect of interval, F(6, 168) = 459.22, p
< .001, η2p = .94. Participants responded faster as the interval became
longer in the delayed trials. Importantly, the interaction effect between
congruency and interval was significant (Fig. 5.3.1), F(6, 168) = 7.37, p
< .001, η2p = .21. The congruency effect (Incongruent – Congruent) became
smaller as the interval increased in the positive time interval delayed trials.
For the sake of comparison with the previous two experiments, the
congruency effect was strong at – 400 ms (dz = 1.33), and at 0 ms (dz = .99),
and smaller and moderate when the delay interval was + 400 ms (dz = .43).
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5

Figure 5.3.1. Mean reaction time as a function of congruency and time
interval. Error bars show standard errors of the means.
Accuracy
The number of errors (Fig. 5.3.2) were submitted to a repeated
measures ANOVA and the results showed a main effect of congruency, F(1,
28) = 60.96, p < .001, "2p = .69. Participants committed more errors in the
incongruent condition than in the congruent condition (Mcongruent = 2.67, SD
= 2.45; Mincongruent = 15.97, SD = 10.66). There was also a main effect of
interval, F(6, 168) = 4.85, p < .001, "2p = .15. Participants committed less
errors as the cue-target interval elongated and this effect was only present in
the delayed trials. Moreover, the interaction effect between congruency and
interval was significant, F(6, 168) = 3.83, p = .001, "2p = .12. The
congruency effect (Incongruent – Congruent) was smaller with longer
intervals than with shorter ones in the delayed trials. The congruency effect
was strong at – 400 ms (dz = .93), and at 0 ms (dz = 1.01), and somewhat
weaker when the delay interval was + 400 ms (dz = .69).
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Figure 5.3.2. Mean error number as a function of congruency and time
interval. Error bars show standard errors of the means.
Agency ratings
A repeated measures ANOVA on the agency ratings (Fig. 5.3.3)
showed a main effect of congruency, F(1, 28) = 3.51, p = .071, "2p = .11.
The agency ratings in the congruent condition were somewhat higher than
in the incongruent condition (Mcongruent

=

6.84, SD = 1.53; Mincongruent

=

6.76,

SD = 1.57). Importantly, there was a significant interaction effect between
congruency and interval, F(6, 168) = 2.92, p = .010, "2p = .09. The delayed
intervals modulated the action congruency effect on the agency judgment.
Specifically, inspection of Figure 5.3.3 suggests that general holding of
action before conflict yielded a congruency effect (Congruent – Incongruent)
on the sense of agency (with dz = .40 at – 400 ms response delay), while the
congruency effect on agency decreased when the intended response was put
on a hold after conflict, but this effect was less reliable and stable (with dz

16328-Wang_BNW.indd 140

15-03-19 16:29

|

141

= .22 at 0 and dz = .20 at + 400 ms response delay). There were no other
significant effects, Fs < 2.49.

5

Figure 5.3.3. Mean agency ratings as a function of congruency and time
interval. Error bars show standard errors of the means.
Discussion
We observed that the performance measures (RT and error) showed
the expected congruency effect as a function of time delay: The congruency
effect (and response conflict) only diminished when actions were delayed
and put longer on hold. Importantly, only holding and preparing specific
intended actions reduces the effect of conflict, not general task preparation.
The effects on experienced agency did not fully follow this pattern. We
observed a congruency effect on the sense of agency when general action
was put on a hold before response conflict was induced (comparable to the 0
ms condition in Experiment 2). Furthermore, whereas delaying selected
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responses did seem to reduce the effect of response conflict on agency, this
effect was rather unstable and inconsistent. Note that the main effect of time
delay on agency was absent. The difference with Experiment 2 in study setup and context suggests that holding action does not decrease a general
feeling of agency when actions need to be held within several time intervals
are manipulated before (varying between – 400 and 0 ms) and after (varying
between 0 ms and + 400 ms) response conflict occurs.
General discussion
The present set of experiments was conducted to examine how the
delay in responding affects the relation between action selection and the
sense of agency. Based on the notion that response conflict installs a state of
disfluency and weakens the sense of agency, we speculated that time delays
in responding might nullify the effect of response conflict on agency
experiences. Such an effect is important, as it would show that agency
experiences (and beliefs in self-control in general) are readily elevated when
people take more time to respond with the selected action after the selection
was difficult and less fluent to make.
In an adaption of the auditory Simon task, all three experiments
showed a strong congruency effect on performance: Incongruent action
selection (vs. congruency) undermined the performance and increased errors.
Furthermore, delaying responses had two effects. First, allowing people
more time to prepare their responses increased the speed of responding,
showing a typical preparation advantage of time. Such preparation
advantage only showed up when the response was delayed after it was
already selected and not when a general mode of action was prepared before
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action selection took place (Experiment 3). Second, delaying responses
reduced the congruency effect, but again, only when delays pertained to
already selected responses. These data clearly show how delays of
responding interact with response conflict, and renders responding to
conflict more easy and fluent when people have more time to execute
intended actions. This advantage of time in reducing conflict effects on
action has been reported before (e.g., Megan & Cohen, 2005; Hommel,
Schrobsdorff, Ihrke, Behrendt, Hasselhorn, & Hermann, 2012).

5

Whereas the effects on performance were fairly clear, understanding
the variations on the measurement of agency was a bit more complicated. In
Experiment 2 we established that the sense of agency followed the pattern
of performance: Agency decreased when action selection was part of
response conflict and disfluent. This result is consistent with previous
research on the action fluency effect on the sense of agency (Chambon &
Haggard, 2012; Damen et al., 2014; Sidarus & Haggard, 2016; Wenke et al.,
2010). Expanding the literature on the fluency-agency relationship, we also
found that effect of response conflict (disfluency) on agency vanished when
the selected responses had to be put on a hold. Experiment 3 showed that
the weakened effect of response conflict on agency could not be attributed
to a general tendency to hold action, but instead, were specific for the
selected action resulting from the action selection process. Although
promising, the results of Experiment 3 also showed that the moderating
effect of the delay of selected responses on the relation between response
conflict (and thus fluency) and agency could not be fully replicated. There
may be several reasons why the moderating role of responses delay on the
fluency - agency link was difficult to replicate, such as differences in study
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set-up, context, and sample, but the bottom line is that time delay of
responding does seem to reduce stable and reliable response conflict effects
on experiences of agency.
In an attempt to address these unstable effects, it might be interesting
to focus on studies that examine conditions in which temporal delay
modulates performance, and when not. There are two lines of research that
offer different views on this. First, there is research to suggest that intended
actions sustain active over time without any additional mental effort and
rehearsal, also known as the intention superiority effect (Curtis &
D'Esposito, 2003; Goschke & Kuhl, 1993; Vallesi & Umiltà, 2009).
Whereas the “survival” time of this intention superiority effect is not well
studied, this effect implies that response conflict operating on the
background undergoes a natural decay, and thus renders delayed intended
actions easier and fluent to execute and increases the sense of agency.
Furthermore, other research suggests that response delay intervals trigger
excitatory and inhibitory neural processes that play a role in action control
(Cohen, Sherman, Zinger, Perlmutter, & Prut, 2010; Davranche et al., 2007;
Sinclair & Hammond, 2009). The excitatory process primes the required
responses, while inhibition prevents the overt excitation from causing a
premature movement. Depending on the length of the response delay
intervals, these competing control processes oscillate to cause a temporal
effect of mental effort leading to a decreased sense of agency or
alternatively, enable more fluent action initiation leading to an increased
sense of agency (the latter effect would resemble the congruency sequence
effect on agency in Experiment 2). Which exact mechanism might have
been involved in our present studies is hard to tell, but it is clear from the
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literature that the role of response delay in response conflict and control is
far more complicated than appears at first sight.
In sum, we found that the sense of agency is closely linked to action
selection. Action selection fluency is associated with an increased sense of
agency, while action selection conflict and difficulty is associated with a
reduced sense of agency. Although not entirely clear yet, our studies offer
preliminary evidence that delayed responses may decrease action selection
difficulty and boost the sense of agency in conflict situations. Future

5

research is needed to further address this issue in more detail to understand
how agency experiences (and beliefs in self-control) are elevated when
people take more time to respond after conflict. In doing so, we hope that it
will encourage future research to take a better look at the role of action
delay in conflict that occurs in the intention-action-outcome chain.
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Nederlandse samenvatting
In het dagelijks leven hebben mensen over het algemeen het gevoel
dat ze controle hebben over hun eigen acties, en hierdoor ook invloed
hebben op de externe omgeving. Dit fundamentele aspect van het
bewustzijn wordt ook wel de ervaring van zelf-causatie genoemd (sense of
agency). De ervaring van zelf-causatie vormt de basis van zelf-waarneming,
attributie van verantwoordelijk en, meer algemeen, leren, motivatie en actie
controle. Zelf-causatie speelt een rol bij verschillende aspecten van actie
controle, zoals het bereiken van intenties en doelen en de wijze waarop
acties worden geselecteerd en uitgevoerd. Dit proefschrift richt zich op, de

A

modulerende rol van actie-selectie in het ervaren van zelf-causatie.
Ten eerste is er onderzocht of de mate waarin een actie vloeiend
verloopt de impliciete componenten van zelf-causatie beïnvloedt. Om dit te
bereiken is ervoor gekozen de Simon taak met het intentional binding
paradigma te combineren, welke vaak gebruikt wordt als impliciete maat
voor zelf-causatie. Resultaten laten twee robuuste effecten zien 1) een
klassiek Simon effect; respondenten reageren sneller en accurater in
congruente trials dan in incongruente trials 2) een robuust intentional
binding effect; respondenten nemen een operante actie en het bijbehorende
effect dichterbij elkaar in tijd waar (temporele binding). Er werd echter geen
significant verschil in de mate van temporele binding tussen congruente en
incongruente trials gevonden. Dit suggereert dat conflict in actie selectie
geen invloed heeft op sensorimotor processen, die ten grondslag liggen aan
de formatie van impliciete ervaringen van zelf-causatie. Eerder onderzoek
laat echter wel zien dat expliciete ervaringen van zelf-causatie beïnvloed
worden door conflict in actie selectie. Dit suggereert dat conflict in actie
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selectie de impliciete en expliciete ervaringen van zelf-causatie op
verschillende manieren beïnvloedt. Deze bevindingen bieden indirect bewijs
voor het multifactoriële model van agency.
Ten tweede is er onderzocht in hoeverre de mate waarin een actie
vloeiend verloopt invloed heeft op de expliciete zelf-causatie ervaringen in
sequentiële actie selectie situaties. In een aangepaste Simon taak voerden
respondenten congruente of incongruente acties uit waarop een toon volgde.
Respondenten werden gevraagd aan te geven hoeveel controle zij ervaarden
over de toon als uitkomst van hun acties. Resultaten laten een typisch effect
van sequentie en congruentie op prestatie (e.g., snelheid en accuraatheid)
zien. Het effect was kleiner na incongruente dan congruente trials en de
ervaring van zelf-causatie was minder in incongruente dan in congruente
trials. Er is dus tevens een effect van sequentie en congruentie op de
ervaring van zelf-causatie gevonden. Het congruentie effect, dat de mate
van response conflict representeert, is kleiner na incongruente dan
congruente trials. De bevindingen breiden eerder onderzoek uit door te laten
zien dat het effect van respons conflict op agency beïnvloed wordt door
eerdere actie selecties. Specifiek, wanneer de voorgaande actie selectie als
moeilijk wordt ervaren en de ervaren zelf-causatie laag is, wordt de
volgende moeilijke actie selectie met meer gemak uitgevoerd en wordt er
een hogere mate van zelf-causatie ervaren. Het omgekeerde patroon ontstaat
indien de voorgaande actie selectie als makkelijk wordt ervaren. Dit
suggereert dat interne consistentie (i.e., daadwerkelijke actie selectie) en de
mate waarin en actie vloeiend verloopt (i.e., ervaren actie selectie)
belangrijke factoren zijn bij het vormen van een sterke en betrouwbare
ervaring van zelf-causatie. Vervolgonderzoek moet uitwijzen of

16328-Wang_BNW.indd 168

15-03-19 16:29

Addendum

|

169

veranderingen in de interne consistentie tijdens sequentiële actie selectie
afhankelijk zijn van ofwel een cognitief (i.e., high level) proces van conflict
monitoring ofwel van een impliciet (i.e., low level) proces van episodisch
geheugen (i.e., de consistentie van de opeenvolgende stimuli).
Ten slotte is er onderzocht hoe de mate van gemak, ervaren door de
aanwezigheid of afwezigheid van respons conflict, de mate van ervaren
zelf-causatie beïnvloedt als mensen de mogelijkheid hebben om vertraagt te
handelen (na het respons conflict). Respondenten voerden, na een
willekeurig vertragingsinterval, een actie uit als reactie op een Simon taak
stimulus (i.e., een stem gepresenteerd in het rechter of linker oor).

A

Resultaten lieten zien dat het vertragingsinterval ertoe leidde dat
respondenten accurater en sneller werden. Bovendien werd ook het
congruentie effect op prestatie kleiner. Ook het in de eerdere studies
gevonden effect van congruentie op zelf-causatie ervaringen werd gevonden.
Respondenten ervaarden minder agency in incongruente trials dan in
congruente trials. Aangezien de uitkomsten in zowel de congruente als
incongruente trials voorspelbaar was, is deze bijdrage van actie selectie
processen aan het ontstaan van de ervaring van zelf-causatie onafhankelijk
van de rol van voorspelbaarheid van actie-uitkomsten. Opmerkelijk is dat
het congruentie effect op ervaren zelf-causatie na een relatief lang interval ( >
300 ms) verdween en hierdoor dus hetzelfde patroon volgde als het effect
van congruentie op responstijd. Terwijl het effect van congruentie op
responstijd in een tweede studie gerepliceerd kon worden, waren de
resultaten voor het effect op ervaren zelf-causatie minder eenduidig. De
bevindingen van deze studie komen dus overeen met eerder onderzoek dat
laat zien dat ervaren zelf-causatie afhankelijk is van een actie selectie-
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gerelateerde voorspellende component. Het monitoren van actie selectie
kan tegenstrijdige intenties detecteren en hierdoor een vermindering in
agency signaleren. Daarnaast kan het ook de verandering in conflict over
tijd detecteren. Indien er een lang interval tussen stimuli en respons is,
veroorzaakt een afname in respons activatie van afleiders een significante
afname van response conflict. Hierdoor neemt de mate van ervaren zelfcausatie toe.
Samenvattend, in de intentie-actie-uitkomst keten, beïnvloedt niet
alleen het monitoren van de uitkomst de mate van ervaren zelf-causatie,
maar ook de actie selectie zelf. Dit proefschrift benadrukt de cruciale rol
van de dynamische actie selectie processen in de ervaring van agency. Actie
conflict vermindert de mate van ervaren zelf-causatie, terwijl de mate
waarin een actie vloeiend verloopt de mate van ervaren zelf-causatie
verhoogt. Indien de mate waarin een actie vloeiend verloopt of het gemak
van de actie selectie verandert over tijd, verandert de ervaring van agency
overeenkomstig. Specifiek, eerder conflict zorgt ervoor dat volgende
moeilijke actie selecties beter (i.e., sneller en accurater) uitgevoerd kunnen
worden en daarmee de ervaren zelf-causatie toeneemt. Deze effecten treden
voornamelijk op voor de expliciete component van agency, terwijl de
effecten op de impliciete component van agency minder duidelijk zijn. Ten
slotte, het uitstellen van de eigen respons na conflict vermindert het effect
van conflict en verhoogt de ervaren zelf-causatie. Concluderend, ervaren
agency komt voort uit verschillende onderdelen van de intentie-actieuitkomst keten, zoals het moment waarop het respons conflict wordt ervaren
en het interval tussen dit conflict en de daadwerkelijke respons, welke
belangrijk zijn voor leren, motivatie, en actie controle.
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