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Abstract
People often coordinate actions with others, requiring an adjustable amount of self–other integration between actor’s and 
co-actor’s actions. Previous research suggests that such self–other integration (indexed by the joint Simon effect) is enhanced 
by agent similarity of the co-actor (e.g., high in intentionality). In this study, we aimed to extend this line of research by test-
ing whether experiencing agency over a co-actor’s actions (vicarious agency) and/or action prediction strengthens the joint 
Simon effect. For this purpose, we manipulated experienced agency by varying the experienced control over a co-actor’s 
actions (Experiment 1), and action prediction regarding the co-actor’s actions (Experiment 2). Vicarious agency could effec-
tively be induced, but did not modulate the size of the joint Simon effect. The joint Simon effect was decreased when the 
co-actor’s actions were unpredictable (vs. predictable) during joint task performance. These findings suggest social agency 
can be induced and effectively measured in joint action. Action prediction can act as an effective agency cue modulating the 
amount of self–other integration in joint action.

Introduction

One characteristic of the human species is that we evolved 
in social coevolution with others. We often perform actions 
together with or in the proximity of others, such as avoiding 
to bump into others at a busy train station, moving a table 
together, or hitting balls on only one side of the tennis court 
when playing doubles. Such action coordination requires us 
to represent and anticipate our own as well as others’ actions 
and action-effects, also referred to as action co-representa-
tion (Gabbard & Bobbio, 2011; Oliveira & Ivry, 2008; Pez-
zulo, 2011). Although the representation of other people’s 
actions seems to occur quite naturally (Carr et al., 2003; 
Cochin et al., 1999; Hari et al., 1998; Mukamel et al., 2010), 
action co-representation and joint-action coordination are 
not as simple as it seems. Sometimes people fail to repre-
sent another person’s actions correctly, or represent another 

person’s actions as if they were their own. Both can result 
in an inability to (re)act adequately. For example, when two 
piano players perform different parts of a piano duet, fail-
ing to represent the other person’s actions correctly would 
make it impossible to time one’s own actions accordingly, 
while representing the other person’s actions as if they were 
one’s own would result in the urge to actually play the other 
person’s part as well. This raises the intriguing question how 
people represent the actions of others, and whether and how 
this representation differs from the representation of their 
own actions?

A famous paradigm to test the question of how people 
represent the actions of others is the social or joint Simon 
paradigm (Dolk et al., 2013; Sebanz et al., 2003). In this 
paradigm, the classic Simon task (Craft & Simon, 1970; 
Simon et al., 1970; Simon & Small Jr., 1969) is distributed 
(shared) between two persons. Each person sitting side-by-
side is responsible for one of two different items of a spe-
cific category (e.g., form or color), responding by pushing 
one of two laterally located response keys. The stimuli are 
laterally presented on the left or right side of a computer 
screen. Even though stimulus location is task-irrelevant for 
both persons, studies typically show a Stimulus–Response 
(S–R) compatibility effect (Liepelt et al., 2011; Sebanz et al., 
2003)—faster reaction times when stimulus and response 
location correspond (S–R compatible), compared to when 
they do not correspond (S–R incompatible), similar to the 
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classical Simon task where one person takes care of both 
responses (Craft & Simon, 1970; Simon & Wolf, 1963). This 
joint Simon effect typically fully breaks down when one 
person of the couple sharing the task performs their half of 
the joint Simon task without a co-actor responding to the 
alternative stimulus (Liepelt & Prinz, 2011; Sebanz et al., 
2003). This result indicates that the longer reaction times 
on incompatible trials in the joint version of the Simon task 
emerge because participants co-represent their co-actor’s 
actions.

Based on the assumption of functional similarity between 
the standard Simon effect (Simon & Small Jr., 1969) and the 
joint Simon effect, the other person’s action is regarded simi-
lar to one’s own action (Sebanz et al., 2003) and the other’s 
task is regarded similar to one’s own task (Sebanz et al., 
2005). As such, the joint Simon effect can be explained by 
an automatic action co-representation mechanism (Sebanz 
et al., 2003, 2005).

When coordinating their own actions in individual task 
settings, it has been shown that people need to discrimi-
nate their responses through referencing their action to a 
particular spatial response code (Ansorge & Wühr, 2004) 
termed ‘referential coding’ (Elsner & Hommel, 2001; Hom-
mel, 1993, 1996; Simon, 1990). For example, when typing 
on a keyboard, one may represent left-hand button presses 
as ‘left’ and right-hand button presses as ‘right’. Similarly, 
when sharing the Simon task with another person, the joint 
Simon effect has been shown to be based on the need to dis-
criminate the responses of both persons sharing the task (i.e. 
self–other discrimination) through a specific spatial response 
code (Dolk et al., 2011, 2013; Klempova & Liepelt, 2016; 
Liepelt et al., 2016). This has also been termed referential 
coding, the coding of the actor’s action in reference to their 
interaction partner’s action (e.g., as left versus right; Dolk 
et al., 2013, 2014; Sebanz et al., 2003; Tsai et al., 2008). 
Independent of the specific account proposed for the joint 
Simon effect, most accounts do agree that it represents a 
valid measure of self–other integration (Colzato et al., 2012; 
Dolk et al., 2014; Iani et al., 2011).

The integration of one’s own and others’ actions seems 
to crucially depend on the extent to which both persons 
perceive their co-actor’s actions to be similar to their own. 
That is, action integration is typically stronger when peo-
ple have to coordinate their own (e.g., left and right hand) 
actions (i.e., standard Simon effect) compared to when they 
have to coordinate their actions with the actions of others 
(i.e., joint Simon effect/self–other integration). Also, peo-
ple typically show stronger self–other integration when their 
co-actor (whether they are other people, robots, or objects) 
is more (like themselves) perceived as intentional (Atmaca 
et al., 2011; Müller et al., 2015; Müller, Brass, et al., 2011; 
Müller, Kühn, et al., 2011; Stenzel et al., 2012), high in 
agency (Stenzel et al., 2014), as belonging to the same group 

(Aquino et al., 2015; Costantini & Ferri, 2013; McClung 
et al., 2013; Müller, Brass, et al., 2011; Müller, Kühn, et al., 
2011) or being in cooperation (Hommel et al., 2009; Iani 
et al., 2011, 2014; Liepelt & Raab, 2021). Yet, although 
there is evidence to suggest that agentic characteristics of the 
co-actor enhance the extent of self–other integration, to our 
knowledge there has been no research on the effect of expe-
riencing oneself to be the agent of one’s co-actor’s actions.

The experience of agency appears quite natural to us; 
we think we know very well whether or not we caused an 
action or subsequent outcome ourselves. However, we some-
times experience agency over actions or outcomes that we 
did not cause ourselves (Wegner, 2002). Such vicarious 
agency has been defined as the misattribution of another’s 
action to the self (Silver et al., 2021). In a groundbreak-
ing study on vicarious agency, Wegner et al. (2004) let par-
ticipants watch themselves in a mirror while the hands of a 
confederate (who was hidden from view) appeared where 
the participant’s hands would normally appear. The hands 
performed a series of movements, which were announced to 
participants (activating a representation of the confederate’s 
actions) either before or after they observed the different 
movements. Results showed that participants experienced 
vicarious agency over another person’s actions when a rep-
resentation of the movements was pre-activated by means of 
the auditory announcements.

Since this first demonstration of the effect of vicarious 
agency (the experience of control over movements of oth-
ers), many studies have conceptually replicated this find-
ing in the context of various actions and outcomes (e.g., 
stopping a moving square on a specific location, monitoring 
one’s own arm movements, or causing other people’s emo-
tions or eye movements) (Aarts et al., 2005; Bolt & Loehr, 
2017; Dewey & Carr, 2013; Gentsch & Schütz-Bosbach, 
2011; Jones et al., 2008; Linser & Goschke, 2007; Ruys 
& Aarts, 2012; Stephenson et al., 2018; van der Weiden 
et al., 2011a; 2016; van der Wel et al., 2012) revealing a key 
role of prior consistent thoughts about action in determining 
agency (Wegner et al., 2004), which would allow to predict 
upcoming actions.

It is important to note, however, that the predictability 
of action-outcomes does not guarantee the experience of 
agency. That is, even when an event is highly predictable 
(e.g., that the elevator will go up when a specific button is 
pressed) people usually do not experience agency when the 
event is clearly caused by someone else (e.g., when you were 
not the one who pressed the button; see also the exclusivity 
principle in Wegner’s theory of apparent mental causation, 
Wegner, 2002). In line with this notion, it has been shown 
that the implicit feeling of agency does not emerge in the 
absence of any action execution, even when participants 
were able to fully predict a brief tactile sensation on the 
index finger (to mimic the sensation of action performance) 
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and a resulting auditory stimulus (Antusch et al., 2021). 
However, although people may not experience that they 
caused someone else’s actions and outcomes themselves, 
action predictability may enhance a sense of joint agency 
(or we-agency) in the context of joint action coordination. 
Indeed, the predictability of the actions of one’s co-actor 
has been shown to enhance the feeling of shared control 
over joint actions and consequences (Bolt & Loehr, 2017; 
see also Pacherie, 2012). The question remains, however, 
whether experiences of agency and/or action predictability 
affect self–other integration during joint action performance.

The role of action prediction in self–other integration has 
already been proposed quite some time ago (Sebanz et al., 
2006), but to our knowledge the current study is the first 
to empirically test if action prediction in fact modulates 
self–other integration in the joint Simon task. Therefore, in 
the present study, we investigate the role of vicarious agency 
(Experiment 1) and action prediction (Experiment 2) over 
another person’s actions for self–other integration in joint 
action. Based on the notion that a greater agent similarity 
has been shown to increase the joint Simon effect (Atmaca 
et al., 2011; Hommel et al., 2009; Stenzel et al., 2014), we 
predict self–other integration to be stronger when one expe-
riences vicarious agency over the co-actor’s actions, and 
also when the co-actor’s actions are predictable rather than 
unpredictable (i.e. higher action similarity).

Experiment 1

Methods

Participants

Forty-eight right-handed participants (15 males; mean 
age 23.9; SD 3.8) took part in the experiment. An a-priori 
power analysis using G*Power (Faul et al., 2013) showed 
that a sample size of 48 provides sufficient statistical power 
(1 − β > 0.80, α = 0.05), to effectively induce vicarious 
agency (ηp2 = 0.19, Wegner et al., 2004). All participants 
had normal or corrected-to-normal vision. Prior to the 
experiment, each participant gave written informed consent 
to participate in the study. All the procedures were con-
ducted in accordance with ethical guidelines of the local 
ethics committee of the University of Muenster and the 
Declaration of Helsinki. After the experiment, participants 
received course credits or monetary compensation (5 euro).

Stimuli and apparatus

Participants were seated in a dimly lit room in front of a 
CRT monitor (19 inches). Participants’ head was stabilized 
by means of a chinrest positioned at 35 cm in front of the 

monitor. A same-sex confederate was seated behind the 
participant on the left side, such that the participant was 
unable to see the confederate entirely during the experiment. 
In order to induce in the participant a sense of agency over 
the confederate’s hand, a black piece of cloth was used to 
cover the participant’s and the confederate’s left arms, which 
facilitates the perception that the confederate’s left arm was 
part of the participant’s body. Additionally, in order to mini-
mize the difference between the participant’s right hand and 
the confederate’s left hand, participant and confederate wore 
a white glove on the right and left hand, respectively (see 
Fig. 1).

Visual stimuli consisted of a white square and a white dia-
mond (1.9° × 1.9°) displayed on a black background. Stimuli 
could either appear to the left or to the right side (9.5°) of a 
centrally presented fixation cross. As experimental software, 
ERTS version 3.33e was used (Beringer, 2000). Responses 
were given by means of two custom made response buttons 
positioned on a desk on the right and left side of the monitor 
middle line. Response buttons were kept at fixed distance of 
24 cm from each other.

Task and procedure

The experiment was subdivided in two main phases: An 
induction phase and a Joint Simon task phase.

Induction phase

The induction phase started with a pure tone (400 Hz, dura-
tion: 300 ms) presented via headphones to the participant 
and the confederate. The sound served as a warning for an 

Fig. 1  Experimental set-up. The headphones were only used to 
induce vicarious agency. The joint Simon task made use of visual 
rather than auditory stimuli
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incoming verbal instruction (in German). The verbal instruc-
tion, read by a female voice, consisted of a request to per-
form a specific action. Verbal instructions were sent simul-
taneously to the participant and the confederate through 
headphones. Participants were allowed to perform exclu-
sively right-hand actions while the confederate performed 
only left-hand actions. After hearing the instruction, par-
ticipant and confederate had 7 s to perform their respective 
actions.

The required actions consisted of simple movements such 
as making an OK sign, waving or pointing toward the screen. 
Each action could be presented in three different versions: 
the right-hand version (e.g. “wave three times with your 
right hand”), the left-hand version (e.g. “wave three times 
with your left hand”) and the both hands version (e.g. “wave 
three times with both hands”).

Crucially, one group of participants was exposed to con-
sistent instructions, where participant and the confederate 
received exactly the same instructions, and participants were 
always aware of the future confederate’s actions during the 
agency induction. For example, in the case of a left-hand 
consistent instruction both participant and confederate heard 
the instruction “wave three times with your left hand” and 
the confederate performed this action accordingly. Another 
group of participants was instead exposed to inconsistent 
instructions, where participants and confederate always 
received a different instruction, and participants were never 
aware of the future confederate’s actions. For example, in 
the case of a left-hand inconsistent instruction, the partici-
pant received the instruction: “wave three times with your 
left hand” whereas the confederate received the instruction: 
“point to the screen with your left hand” and performed the 
action accordingly, thus producing an inconsistency between 
the participant’s current knowledge and the actual action 
performed by the confederate.

The induction phase lasted approximately 3.3 min and 
consisted of the presentation of 26 consecutive instructions 
that were pseudo-randomly selected from a sample of 36 
pre-recorded instructions. The stimulus presentation dur-
ing the induction phase was done by means of a custom 
programmed Matlab (The MathWorks Inc., Natick, MA) 
routine.

The induction phase aimed at promoting in the partici-
pants two distinct degrees of vicarious agency over the con-
federate’s actions before running the joint Simon task: a low 
vicarious agency induction (inconsistent instructions) and a 
high vicarious agency induction (consistent instructions). 
These two types of induction were obtained by manipulating 
the experience of control over the confederate’s actions. In 
line with a study from (Wegner et al., 2004), we hypothe-
sized that hearing consistent instructions leads to high vicar-
ious agency, while hearing inconsistent instructions leads 
to low vicarious agency. The idea is that when vicarious 

agency during induction is high (vs. low), and participants 
know the confederate’s task rule in the subsequent joint 
Simon task, the representation of the confederate’s actions 
should be activated more strongly (i.e. increased self–other 
integration). Note that this prediction relies on the assump-
tion that self–other integration as induced by our vicarious 
agency manipulation will transfer from the induction to the 
joint Simon task. Similar transfer of processing modes (Iani 
et al., 2014; Ruissen & De Bruijn, 2016) and meta-control 
states (Liepelt & Raab, 2021) have been demonstrated before 
in the joint Simon task.

Joint Simon task phase

The setting employed in the induction phase was also kept 
during the Joint Simon task phase. The task consisted of a 
Joint go-nogo version of the Simon task (Liepelt et al., 2011; 
Sebanz et al., 2003), in which either a square or a diamond 
was randomly presented to the left or to the right side of 
the screen. Participants always responded to the diamond 
while the confederate responded to the square. Participants 
responded by pressing the right response button and were 
seated on the right side of the confederate to allow partici-
pants to represent their own actions in spatial reference to 
the confederate (i.e., as right vs. left). Diamonds presented 
on the right side of the screen would be compatible with this 
joint action representation, while diamonds presented on the 
left side of the screen would be incompatible with this joint 
action representation.

Each trial started with the presentation of a central fixa-
tion cross (250 ms) and was followed by the presentation 
of one of the two visual stimuli (150 ms) together with the 
fixation cross. In case of a correct response, the fixation 
cross was presented for 300 ms to not interrupt the process-
ing flow. In case of a wrong response, the error feedback 
“Fehler” (German for error) was displayed for 300 ms. If 
no response was given within 1800 ms, the feedback “zu 
langsam” (German for too slow) was shown for 300 ms. Fol-
lowing the response there was a constant inter-trial interval 
of 1750 ms.

General procedure

Participants were subdivided into the following two groups: 
a low vicarious agency and a high vicarious agency group, 
thus each participant was subjected to a unique type of 
induction phase. Beyond a general explanation of the experi-
mental procedure, none of the subjects was informed about 
the goal of the experiment.

The experiment began with the Induction phase (low or 
high vicarious agency), followed by a brief questionnaire 
(see “Questionnaire” section) to assess participant’s subjec-
tive experience of agency in the induction. The questionnaire 
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was immediately followed by the Joint Simon phase. Prior 
to the first experimental block, participants performed a 
short practice, followed by 2 blocks (128 trials) of the actual 
experiment. Trials were uniformly distributed between 2 
conditions (compatible and incompatible). The same pro-
cedure consisting of an induction phase, a questionnaire, and 
two blocks of the Joint Simon task was administered twice.1 
The experiment ended with another (i.e., third) completion 
of the questionnaire.

Questionnaire

The questionnaire aimed at assessing the degree of agency 
experienced by each participant. The questionnaire was 
partially based on the questionnaire used in Wegner et al. 
(2004). It consisted of five distinct questions as follows:

1. To which degree could you predict the movement of 
your partner’s hand?

2. To which degree did you feel that you could control your 
partner’s arm?

3. To which degree did you feel that you could intention-
ally move your partner’s arm?

4. To which degree did you feel that your partner’s arm 
belonged to you?

5. Did your partner’s arm disturb or annoy you?

Participants were asked to answer the questions by using 
a scale from 1 to 7, where 1 signified “Not at all” and 7 “A 
lot”. The questionnaire was filled after each induction phase 
and immediately after the end of the experiment. Internal 
validity was satisfactory with an overall Cronbach’s alpha 
of 0.72 (αT1 = 0.56, αT2 = 0.69, αT3 = 0.73), which could be 
further enhanced by dropping the fifth item that measured 
the experience of agency more indirectly through down-
stream emotional consequences (αoverall = 0.79, αT1 = 0.69, 
αT2 = 0.79, αT3 = 0.77). On average, participants scored rela-
tively low on experienced agency (Moverall = 3.0, SD = 1.1, 
MT1 = 2.9, SD = 1.1; MT2 = 3.0, SD = 1.3; MT3 = 3.3, 
SD = 1.3).

Data analysis

For the statistical analysis, responses were considered as 
correct when the button press occurred within a time inter-
val of 150–1000 ms after target onset (Liepelt et al., 2011; 
Röder et al., 2007). No response was classified as outlier. 

Correct reaction times were then subjected to a 2 × 2 mixed 
analysis of variance (ANOVA) with a between-subjects fac-
tor: Vicarious Agency (Low and High) and a within-subjects 
factor: Compatibility (Compatible and Incompatible trials).

The questionnaires were analyzed in the following way: 
A mean of each question across the three questionnaires (see 
“Task and Procedure” section) was taken in order to see the 
contribution of each question to the general agency assess-
ment, then the scores were collapsed across all questions 
(except for question 5, whose exclusion improved Cron-
bach’s alpha of the questionnaire) to obtain a unique agency 
index for each participant of the two groups. Hence the 
agency indices relative to each group (low or high vicarious 
agency) were compared by means of a Wilcoxon rank sum 
test. Additionally, a Spearman correlation was performed to 
test any potential relationship between the agency index and 
a compatibility index obtained by subtracting incompatible 
reaction times from compatible reaction times.

Data and statistical analysis was performed using Matlab 
(The MathWorks Inc., Natick, MA) custom routines and the 
R environment (version 4.0.5 and library psych 2.6.1, https:// 
CRAN.R- proje ct. org/ packa ge= psych).

Results

Manipulation check

The analysis of the questionnaire revealed that overall the 
High vicarious agency group (M = 3.71, SD = 1.67) experi-
enced a significantly higher degree of agency than the Low 
vicarious agency group (M = 2.35, SD = 1.17), W = 492, 
p < 0.001. A comparison of the High vs. Low vicarious 
agency groups on the three separate measurements of agency 
revealed a significant difference on the first (Mhigh = 3.6, 
SD = 0.9 vs. Mlow = 2.1, SD = 0.6, W = 491, p < 0.001) and 
second (Mhigh = 3.9, SD = 1.1 vs. Mlow = 1.9, SD = 0.7, 
W = 499.5, p < 0.001) measurements, which immediately 
followed the induction phases. The difference was no longer 
significant on the third measurement (Mhigh = 3.6, SD = 1.3 
vs. Mlow = 3.0, SD = 1.3, W = 362.5, p = 0.13), which was 
administered after the last two blocks of the joint Simon 
task.

Main findings

The mixed ANOVA revealed uniquely a main effect of Com-
patibility (F(1,46) = 20.53, p < 0.001; general η2 = 0.02) indi-
cating that compatible responses (M = 350 ms, SD = 40) were 
generally faster than incompatible responses (M = 360 ms, 
SD = 38). No main effect of Vicarious Agency was observed 
(F(1,46) = 0.11, p = 0.74; general η2 = 0.002). Crucially, no 
significant interaction of Compatibility × Vicarious Agency 

1 There was a main effect of repetition, such that RT’s were higher in 
the first (M = 357) compared with the second (M = 352.3) joint Simon 
task, F(1, 46) = 5.4, p = 0.02, eta sq = 0.004. But since there were no 
interaction effects with compatibility or agency (all p’s > 0.36), we 
collapsed the data over the two repetitions of the joint Simon task.

https://CRAN.R-project.org/package=psych
https://CRAN.R-project.org/package=psych
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(F(1,46) = 0.8, p = 0.4; general η2 = 0.0004) was observed, 
indicating that the compatibility effect was not modulated 
by Vicarious Agency. Figure 2 shows mean RT’s for each 
cell in the design. Errors were not further analyzed due the 
low occurrence (High vicarious agency: Compatible = 2.1% 
false alarms, 0.8% misses, Incompatible = 2.8% false alarms, 
0.4% misses; Low vicarious Agency: Compatible = 2.5% 
false alarms, 0.0% misses, Incompatible = 2.5% false alarms, 
0.0% misses).

No significant correlations were observed between the 
agency index and the compatibility index (roverall = − 0.18, 
p = 0.2; rT1 = − 0.05, p = 0.7;, rT2 = − 0.09, p = 0.53;, 
rT3 = − 0.23, p = 0.1). This was the case both within the High 
vicarious agency group (roverall = -0.30, p = 0.15) and Low 
vicarious agency group (roverall = -0.17, p = 0.4).

Discussion

Although the manipulation check revealed a successful 
induction of vicarious agency replicating the findings of 
Wegner et al. (2004), a general feeling of vicarious agency 
did not modulate the joint Simon effect. This modulation 
may have been absent because we manipulated (in)consist-
ent thoughts about the co-actor’s actions prior to the joint 
Simon task without affecting the predictability of the co-
actor’s action during the joint Simon task. In line with this 
notion, the manipulation check revealed that there was no 
longer a difference in experienced agency between the low 
vs. high vicarious agency groups after the completion of the 
joint Simon task. As such, our vicarious agency manipula-
tion may have been too much detached from the joint Simon 
task, in which the co-actor’s responses were 100% predic-
tive through the stimuli (e.g., squares always indicated that 

the co-actor would respond) provided that errors are not 
taken into account. In other words, the experience of vicari-
ous agency may not transfer to another task setting, and in 
this case may in fact have been completely counteracted by 
action predictability during the joint Simon task. Hence, a 
more specific form of action predictability within the joint 
Simon task may be needed. In the next experiment, we there-
fore aimed to manipulate prior consistent thoughts about a 
co-actor’s action more directly in the joint Simon task.

Experiment 2

In Experiment 2, we manipulated the prior consistent 
thoughts about a co-actor’s action in the joint Simon task 
through action prediction. The experience of agency cru-
cially relies on such prior consistent action-related thoughts 
(Chambon et al., 2013; Wegner & Wheatley, 1999). Conse-
quently, experiences of agency are typically also enhanced 
when actions are predictable (Haggard & Chambon, 2012; 
Moore & Obhi, 2012; Silver et al., 2021; van der Weiden 
et al., 2011b), even when it concerns other people’s actions 
(Bolt & Loehr, 2017; Silver et al., 2021; Wegner et al., 
2004). As such, action prediction can be considered to be 
a strong agency cue. Note, however, that in a typical joint 
action task, it is rather unambiguous who performs which 
action (in contrast to the vicarious agency manipulation in 
E1), and that action prediction would therefore more likely 
be a cue for joint (or we-)agency.

Here we aim to build on previous research on action pre-
diction by testing if it modulates self-other integration. We 
predict self–other integration to be stronger when the co-
actor’s actions are predictable rather than unpredictable (i.e., 
higher action similarity). In contrast to our expectation for 
E1 that vicarious agency would increase the joint Simon 
effect, we expect the manipulation of action prediction to 
decrease the joint Simon effect in the unpredictable condi-
tion compared to the normal (baseline) situation where the 
co-actor’s actions are predictable.

Methods

Participants and design

Ninety undergraduate students of Utrecht University par-
ticipated in this second experiment. Participants performed 
the task in same-sex pairs (van der Weiden et al., 2016) 
and did not know each other. After excluding five partici-
pants for making too many errors (> 50%),2 the sample 

Fig. 2  Average reaction times for compatible and incompatible trials 
in the high agency and low agency conditions of study 1. Error bars 
represent 95% confidence intervals

2 Two participants seemed to have mixed up the instructions (they 
pressed when they shouldn’t and vice versa; ≥ 210 false hits and ≤ 238 
misses). The other 3 participants responded on only 89–123 trials 
of the 240 trials on which they should have responded, while accu-
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consisted of 85 participants (24 male; mean age 22.5; SD 
4.8), divided over the unpredictable (N = 46) and predict-
able (N = 39) condition. An a-priori power analysis using 
G*Power (Faul et al., 2013) showed that a sample size of 85 
provides ample statistical power (1 − β > 0.80, α = 0.05) to 
detect a within–between interaction with two groups and two 
measurements (correlation among repeated measures = 0.5, 
nonsphericity correction = 1), based on the effect of pre-
dictability on experienced agency (d = 0.46; Bolt & Loehr, 
2017). Most participants were right-handed (N = 73; 7 were 
left-handed, 5 were ambidextrous). All participants had nor-
mal or corrected-to-normal vision. Prior to the experiment, 
each participant gave written informed consent to participate 
in the experiment. All the procedures were conducted in 
accordance with ethical guidelines of the local ethics com-
mittee of Utrecht University and the Declaration of Helsinki. 
After the experiment, participants received course credits or 
monetary compensation (6 euro).

The experiment had a 2 Predictability (unpredictable vs. 
predictable) × 2 Compatibility (incompatible vs. compatible) 
mixed design, with Predictability as between-subjects vari-
able, and Compatibility as within-subjects variable.

Task and procedure

In order to establish unpredictability of the co-actor’s actions 
in the unpredictable condition, we had to present participants 
with an independent set of stimuli. In order to manipulate the 
predictability of the co-actor’s actions, we adapted the audi-
tory joint Simon task of Ruys and Aarts (2010). Both partici-
pants wore headphones (Sennheiser-H201) through which 
they were randomly presented with low (200 Hz) or high 
(500 Hz) frequency tones. Participants were seated next to 

each other, and were informed that they would be perform-
ing a sound discrimination task in which one of them (e.g., 
participant seated on the left) had to respond to low tones, 
while the other participant had to respond to high tones. 
Whether the participant on the left or the right responded to 
low or high tones was counterbalanced between pairs. The 
participant on the left always responded by pressing the left 
key and the participant on the right always responded by 
pressing the right key on a response box (Cedrus® RB-530). 
The tones were presented to the left ear or the right ear, ren-
dering the tones compatible (e.g., low tone presented in left 
ear) or incompatible (e.g., low tone presented to right ear). 
Figure 3 illustrates the experimental set-up.

In the predictable condition, both participants received 
identical stimuli (i.e., same tone in same ear), and could 
thus predict whether their co-actor was going to respond, 
or not. In the unpredictable condition, the two participants 
received different stimuli, such that they only heard the same 
tone on 50% of the trials (25% in same ear, 25% in other 
ear), rendering the responses of the co-actor unpredictable. 
Participants were not explicitly informed of whether they 
would hear the same tones as their interaction partner or 
not, but they could easily infer this from their co-actor’s 
actions (i.e., they sometimes both refrained from respond-
ing or responded simultaneously). Participants were also 
instructed not to talk to each other, which was monitored 
with hidden audio monitors. As a manipulation check, we 
asked participants to what extent they felt that the actions 
of their co-actor were predictable [rated on a 9-point scale 
ranging from 1 (not at all) to 9 (very much)].

The total trial number in both the predictable and unpre-
dictable condition was 480. Trials were presented randomly. 
Prior to the first experimental block, participants performed 
a short practice. In between the experimental blocks, there 

Fig. 3  Example trials for the predictable (left) and unpredictable (right) condition

rately refraining from responding on trials where they should not have 
responded (their number of false hits ranged from 1 to 5).

Footnote 2 (continued)
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were short 10-s breaks.3 Each trial started with the presenta-
tion of a tone for 250 ms, followed by a 2750-ms response 
window. During the whole task, a white fixation cross (+) 
was presented on the center of a gray colored (RGB: 96, 96, 
96) computer screen.

Results

Data analysis

The same cut-off criteria were used as in Experiment 1. Cor-
rect reaction times were subjected to a 2 × 2 mixed analy-
sis of variance (ANOVA) with a between subjects factor: 
Predictability (unpredictable vs. predictable) and a within 
subjects factor: Compatibility (Compatible vs. Incompatible 
trials). Responses below 150 ms or above 1000 ms were 
removed (1.28%; Ratcliff, 1993). As response cue and seat-
ing location did not interact with spatial compatibility in any 
of the analyses reported below (all F’s < 0.48), we computed 
mean RTs (in ms) on compatible and incompatible trials, 
collapsing across response cue and seating location.

Manipulation check

Participants indicated the co-actor’s actions as more predict-
able in the high (M = 5.82, SD = 1.85) vs. low (M = 4.63, 
SD = 2.12) predictability condition, F(1, 83) = 7.46, 
p = 0.008, general ɳ2 = 0.01.

Main findings

The analysis revealed the expected main effect of Compati-
bility, F(1,83) = 65.37, p < 0.001, general ɳ2 = 0.43. Compat-
ible responses (M = 426.1, SD = 99.6) were generally faster 
than incompatible responses (M = 440.8, SD = 97.6). There 
was no main effect of Predictability, F(1,83) = 1.57, p = 0.21, 
general ɳ2 = 0.02. However, there was an interaction 
between Predictability and Compatibility (F(1, 83) = 3.95, 
p = 0.050, general ɳ2 = 0.03), such that participants’ compat-
ibility effect was smaller when interacting with an unpre-
dictable co-actor (M = 11.3 ms, SE = 2.4; F(1,83) = 20.25, 
p < 0.001, general ɳ2 = 0.13) versus a predictable co-actor 
(M = 18.7 ms, SE = 2.8; F(1,83) = 46.88, p < 0.001, general 
ɳ2 = 0.31). Figure 4 presents the mean RT’s for each cell in 
the design. As in Experiment 1, error rates were not further 
analyzed (Predictable condition: Compatible = 2.1% false 
alarms, 2.4% misses, Incompatible = 1.0% false alarms, 
1.3% misses; Unpredictable condition: Compatible = 3.8% 

false alarms, 5.7% misses, Incompatible = 2.5% false alarms, 
5.6% misses).

Exploratory analyses

Our particular manipulation of predictability resulted in 
trials where participants responded alone, and trials where 
they responded simultaneously in the unpredictable condi-
tion. We had no prior expectations on whether and how this 
may affect participants’ actions, but we decided to explore 
the effects of double vs. single responses on RTs in gen-
eral and on the compatibility effect. For this purpose, we 
first performed a 2 × 2 repeated measures ANOVA on the 
unpredictable condition with Number of Responses (single 
vs. double) and Compatibility (Compatible vs. Incompat-
ible trials) as within-subjects factors. This analysis again 
revealed a main effect of Compatibility, F(1,45) = 22.08, 
p < 0.001, general ɳ2 = 0.19, such that compatible responses 
(M = 439.6, SE = 117.8) were faster than incompatible 
responses (M = 451.4, SE = 115.3). There was no main effect 
of Number of Responses, F(1,45) < 0.001, p = 0.995, gen-
eral ɳ2 < ,001. However, there was an interaction between 
Compatibility and Number of Responses (F(1, 45) = 7.50, 
p = 0.009, general ɳ2 = 0.03), such that participants’ com-
patibility effect was smaller on double response trials 
(M = 6.8 ms; F(1,45) = 5.57, p = 0.02, general ɳ2 = 0.11) 
versus single response trials (M = 16.6 ms; F(1,45) = 26.41, 
p < 0.001, general ɳ2 = 0.37).

Next, we decided to compare the predictable vs. unpre-
dictable condition on the effect of Compatibility for 
the single response trials only (as there were no double 
response trials in the predictable condition). A 2 × 2 mixed 
ANOVA again revealed the main effect of Compatibility, 

Fig. 4  Average reaction times for compatible and incompatible trials 
in the predictable and unpredictable conditions of experiment 2. Error 
bars represent 95% confidence intervals

3 The breaks were kept short to limit the likelihood that participants 
would commence a conversation about the experiment.
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F(1,83) = 65.29, p < 0.001, general ɳ2 = 0.44, such that 
compatible responses (M = 424.6, SD = 98.6) were faster 
than incompatible responses (M = 442.1, SD = 98.5). There 
was neither a main effect of Predictability, F(1,83) = 1.55, 
p = 0.22, general ɳ2 < 0.001, nor an interaction between 
Compatibility and Predictability, F(1, 83) = 0.23, p = 0.63, 
general ɳ2 = 0.002). These findings suggest that the modera-
tion effect of action predictability in our main analysis may 
be driven by lowered action interference on double response 
trials. But please keep in mind that the current data do not 
allow us to properly test whether there would be a significant 
three-way interaction between Compatibility, Predictability 
and Number of Responses.

General discussion

In the present study, we investigated the role of vicarious 
agency (Experiment 1) and action prediction (Experiment 
2) on self–other integration using the joint Simon paradigm. 
Experiment 1 showed that the manipulation of Wegner et al. 
(2004) that we applied to induce vicarious agency was suc-
cessful. Participants experienced higher levels of vicarious 
agency under consistent than inconsistent conditions. How-
ever, the different levels of vicarious agency participants 
experienced during the induction did not modulate the 
strength of self–other integration in the joint Simon task. 
An overall joint Simon effect was present for both high and 
low vicarious agency conditions. This overall joint Simon 
effect indicates that the lack of vicarious agency did not 
prevent the building of a shared representation. The lack 
of a modulation of self–other integration through vicarious 
agency seems to be in line with previous findings showing 
that the sense of ownership over the co-actor’s hand does 
not increase the joint Simon effect either (Dolk et al., 2011).

In Experiment 2, we manipulated the prediction over the 
co-actors action in the joint Simon task. Self–other inte-
gration was weaker for the unpredictable (vs. predictable) 
co-actor. This can be taken as evidence that a key aspect 
of agency, i.e., action prediction (Haggard & Chambon, 
2012) is also relevant in settings in which our actions and 
outcomes are related to others (Moore & Obhi, 2012; Sil-
ver et al., 2021), in this case during joint action. Hence, it 
appears that the joint Simon effect is not only affected by 
agent similarity, as it has been shown in various previous 
studies (Atmaca et al., 2011; Hommel et al., 2009; Stenzel 
et al., 2014), but also by action similarity. When a co-actor’s 
action is unpredictable for the actor, they perceive (a) lower 
agency over the co-actors actions (Bolt & Loehr, 2017; Weg-
ner et al., 2004) and (b) show a weaker self–other integration 
than when the co-actor’s action is predictable. This finding 
also confirms the previously raised assumption that action 

prediction plays an important role in the joint Simon effect 
(Sebanz et al., 2006).

Interestingly, further exploratory analyses suggested that 
the effect of our action prediction manipulation could be 
driven by a reduced self–other integration on trials where 
both participants responded simultaneously (i.e., double 
response trials). The instructions for the joint Simon task 
create strong expectations concerning the task distribution, 
where one participant is responsible for responding to low 
tones, and the other participant is responsible for respond-
ing to high tones. On trials where both participants respond, 
the expectations regarding the task distribution are violated, 
thus producing a prediction error, which may lower the we-
experience during joint action (Bolt et al., 2016). In addi-
tion, participants may feel that they failed to successfully 
discriminate the sounds when both (or neither) responded 
on a given trial, and people typically experience less agency 
over performance failures in both individual (Kip et al., 
2021; Van der Weiden, Aarts, et al., 2013; Van der Weiden, 
Aarts, et al., 2013; van der Weiden, Ruys, et al., 2013; van 
der Weiden, Ruys, et al., 2013) and joint action contexts 
(cf. Pacherie, 2012). As prediction errors and attributions 
of failure would not occur on (correctly executed) single 
response trials, this makes them more or less comparable 
to a typical trial in a joint Simon task where actions are 
predictable. In line with this notion, the compatibility effect 
was indeed similar for single response trials in the predict-
able and unpredictable conditions. However, these explora-
tory findings need to be interpreted with caution and require 
future replication.

Strengths and limitations

Although action unpredictability reduced the compatibility 
effect by 40%, statistically the effect was small in size. One 
reason for the small effect size could be that even though 
actions were either completely predictable or completely 
unpredictable, participants on average still perceived their 
co-actors’ actions as somewhat predictable in both condi-
tions. That is, on a scale from 1 to 9, participants in the 
unpredictable condition rated action predictability just below 
the scale midpoint (M = 4.63), while participants in the pre-
dictable condition rated action predictability just above the 
scale midpoint (M = 5.82). This suggests that there might be 
room for stronger manipulations of action predictability to 
better determine its full potential on self–other integration 
in joint action.

The current study is the first to test the role of social 
agency in the joint Simon effect, employing two different 
agency inductions. As we only found an effect for action 
predictability, and not for vicarious agency, it is relevant to 
discuss several methodological and conceptual differences 
that may explain this divergence in findings.
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First, the divergent findings seem to be consistent with the 
cooperation continuum of social agency proposed by Silver 
et al. (Silver et al., 2021), in which joint (or we-)agency 
(e.g., as induced by enhanced action predictability; Bolt & 
Loehr, 2017) is associated with the highest degree of coop-
eration. Yet, in contrast to the experience of joint agency and 
in contrast to our prediction, the experience of controlling 
one’s own and one’s co-actor’s actions oneself (i.e., vicari-
ous agency) might produce the ironic effect of becoming 
oblivious to the presence of another actor (perceiving the 
situation as acting in social isolation). As such, the task 
in fact becomes less social and less cooperative in nature. 
Because the joint Simon effect has been shown to depend 
strongly on cooperation vs. competition (Iani et al., 2011; 
Liepelt & Raab, 2021; Mendl et al., 2018) and is weaker in 
non-social vs. social situations (Dolk et al., 2013; Müller, 
Brass, et al., 2011; Müller, Kühn, et al., 2011; Stenzel et al., 
2012), one could argue that—due to perceived social isola-
tion—the experience of vicarious agency would diminish 
the joint Simon effect compared to the low agency condition. 
However, the low agency condition may similarly have cre-
ated social distance between the co-actors, and hence may 
also have diminished the joint Simon effect. Therefore, the 
perceived social isolation/distance may explain the absence 
of an interaction effect between agency and compatibility 
in Experiment 1.

On the other hand, if the experience of vicarious agency 
would indeed create a perception of fully controlling both 
actions oneself, one could in fact argue for a larger compat-
ibility effect in the high (vs. low) vicarious agency condi-
tion. After all, the Simon effect is typically stronger when 
people have to coordinate their own (e.g., left and right 
hand) actions (as in the standard Simon task) compared to 
when they have to coordinate their actions with the actions 
of others (as in the joint Simon task). Hence, the absence 
of an interaction effect between agency and compatibility 
in Experiment 1 may instead suggest that participants in 
the high vicarious agency condition did not experience 
agency over their co-actor’s actions to the extent that they 
felt that they were fully controlling both responses them-
selves. This logic seems to be supported by our data, which 
shows that– despite a significant increase in experienced 
agency—participants in the high vicarious agency condi-
tion still reported feeling only moderately in control over the 
co-actor’s actions (i.e., 3.71 on a scale from 1 to 7), and this 
feeling did not seem to last throughout the joint Simon task.

Second, whereas we employed a visual Simon task in 
Experiment 1, we employed an auditory Simon task in 
Experiment 2. Although the underlying processes that give 
rise to the joint Simon effect are similar for both modalities 
(and as such would be expected to be modulated by experi-
ences of agency in the same way), the auditory Simon task 
typically produces larger RT’s and compatibility effects than 

the visual Simon task (D’Ascenzo et al., 2018), which can 
also be seen in our data. Such a larger compatibility effect 
may offer more room for modulation effects.

Third, the two experiments differed in how close the co-
actor was seated to the participant. That is, in Experiment 1, 
the co-actor was seated directly behind the participant (cre-
ating the illusion of being one entity), while in Experiment 
2, the co-actor was seated at a small distance within arm’s 
length. Several studies have investigated the effect of joint 
action within and beyond peripersonal space (Guagnano 
et al., 2013; Iani et al., 2021; Welsh et al., 2013), and sug-
gest that as long as co-actors can reach each other’s response 
keys, compatibility effects are likely to occur. The significant 
compatibility effects in both Experiment 1 and 2 support 
this notion, as in both Experiments the co-actor’s response 
key was within reach. However, it remains an open question 
whether and how interpersonal distance may affect the sense 
of agency and, as such, its modulating role in self–other 
integration.

Fourth, our vicarious agency manipulation was mainly 
aimed at enhancing the sense of agency above baseline 
(though inconsistent hearing instructions may also have 
lowered the sense of agency below baseline). Yet, as one’s 
co-actor’s actions in the joint Simon task are typically pre-
dictable (baseline), rendering the co-actor’s actions unpre-
dictable would lower action predictability (and presumably 
joint agency) below baseline. It would make intuitive sense 
that lowering people’s sense of agency over the actions of 
their co-actors below baseline would be more disruptive for 
self–other integration than boosting agency would be advan-
tageous. Although there is no direct empirical evidence to 
support this claim, it may partly explain why we only found 
an effect for our manipulation of action predictability and 
not for vicarious agency.

Finally, and perhaps most importantly, as already 
addressed in the discussion of Experiment 1, our results 
suggest that unlike transfer of processing modes and meta-
control states (Iani et al., 2014; Liepelt & Raab, 2021; Ruis-
sen & De Bruijn, 2016), self–other integration in the form 
of vicarious agency does not necessarily transfer to another 
task. Because the results of Experiment 2 indicate that 
action predictability modulates the joint Simon effect, it is 
likely that the full predictability of the co-actor’s responses 
in Experiment 1 countered our vicarious agency induction, 
which also relied on action predictability. As such, it may be 
required to maintain the (vicarious) agency induction during 
the joint Simon task, as in the induction of action prediction 
in Experiment 2. In fact, employing the experimental set-up 
of Experiment 1 (with the co-actor’s arm psychologically 
replacing the participant’s arm) could further strengthen the 
effects of action prediction as observed in Experiment 2, 
where the co-actor’s actions were completely predictable 
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(vs. completely unpredictable) throughout the joint Simon 
task.

Implications

The current findings do not only extend previous research 
on agent similarity in joint action, but also contribute to our 
knowledge of the implications of experiencing agency in 
social interaction. Most research on agency experiences has 
focused on how these experiences emerge, while only few so 
far have demonstrated social implications, e.g. for feelings 
of responsibility (Cracco et al., 2016; Moretto et al., 2011) 
and empathy (Caspar et al., 2020; Lepron et al., 2014). The 
current findings indicate that a key feature of the sense of 
agency — namely action prediction — can also contribute 
to the coordination of our actions with other people.

Future directions

Whether an effective modulation of self–other integra-
tion requires a conscious experience of agency cannot be 
answered with the present study. In principle action predict-
ability could also have induced an implicit sense of agency 
outside of conscious awareness. An interesting direction for 
future research would be to test whether and how (online) 
implicit and explicit experiences of agency contribute to the 
joint Simon effect.

Based on our findings another interesting direction for 
future research would be to test how different aspects of the 
agency experience contribute to joint action representations. 
For example, it has been suggested that actions that are per-
ceived to be effortful (rather than effortless) are accompa-
nied by stronger experiences of agency. In other words, peo-
ple feel more agentically involved when they have to work 
hard for their goals (see also Preston & Wegner, 2009). In 
contrast, a degree of effortlessness can give the impression 
of events happening to a person instead of being caused by 
that person (Csikszentmihalyi et al., 2005). In line with this 
notion, enhanced perceptions of effort caused by squeezing 
a handgrip (Preston & Wegner, 2007), pulling stretch bands 
(Demanet et al., 2013), or using one’s non-dominant hand 
(Damen et al., 2014) have indeed been shown to increase the 
sense of agency, even if the effort is unrelated to the action 
over which agency is assessed. Hence, if one would experi-
ence effort during one’s co-actor’s action performance, one 
might represent these actions more strongly.

Another, perhaps seemingly contradictory agency cue is 
the fluency of action selection. Note, however, that action 
selection fluency and effortful action execution are inde-
pendent from each other. That is, even when action selection 
may be fluent, the subsequent performance and regulation of 
the selected action can still be quite effortful (e.g., working 
out, preparing a fresh meal, or abiding by social norms). 

For example, it may be a no-brainer to go and help a friend 
who is clearly struggling to move a heavy table, yet helping 
to carry the table may be quite effortful. Often, people can 
choose from a range of possible (and perhaps conflicting) 
actions. Hence, action selection can be quite burdensome. 
In the joint Simon task, action co-representation may result 
in such action selection conflict due to stimulus–response 
incompatibility. In such cases, experienced agency may be 
reduced, as research has shown that experienced agency 
over self-produced actions is typically strongest when action 
selection is smooth (e.g., on compatible compared with 
incompatible Stroop trials; Morsella et al., 2009; Sidarus 
& Haggard, 2016; Sidarus et al., 2017; Wang et al., 2017; 
Wenke et al., 2010). Intriguingly, this effect of action flu-
ency on experienced self-agency even occurs when action 
predictions are externally induced (e.g., stimulus-driven) and 
originate from outside our motor control system (Chambon 
& Haggard, 2012; Martiny-Huenger et al., 2015; Sidarus & 
Haggard, 2016; Wegner et al., 2004; Wenke et al., 2010). 
Although action selection fluency as a consequence of 
increased action predictability (e.g., by subliminally priming 
the stimuli prior to their actual presentation, predicting who 
will need to respond) could enhance experienced agency 
during the joint Simon task, it is also likely to debilitate 
the functionality of the Simon task as it may counteract any 
response interference as a consequence of self–other integra-
tion. As such, other self–other integration measures that do 
not rely on response interference (e.g., Inclusion of Other in 
the Self Scale; Aron et al., 1992) may be needed to measure 
the effect of action selection fluency.

Another valuable avenue for future research would be to 
disentangle effects of action predictability and simultane-
ous responding. In our manipulation, action predictability 
implied that participants would sometimes act simultane-
ously in the unpredictable condition, which did not occur in 
the predictable condition. As such, we were unable to test a 
potential three-way interaction between compatibility, pre-
dictability, and simultaneous responses. To solve this issue, 
future research could add simultaneous response trials to 
the predictable condition as well, where these simultaneous 
responses would then be predictably cued (e.g., by a double 
tone of the same total duration as the single tones).

Additionally, researchers could look into potential mod-
erators of such task distribution violation effects. In daily 
life it also sometimes happens that despite a prior agreement 
on the distribution of certain tasks, the other person unex-
pectedly takes over one’s responsibility, disrupting the flow 
of action coordination. However, depending on the nature 
of the task, the act of taking over someone else’s task can 
be either egotistic or pro-social, and may differently impact 
self–other integration. For example, unexpectedly doing the 
dishes while one’s partner was supposed to do them is a 
welcome violation of task distribution and can be perceived 
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as highly cooperative. As such, it may enhance self–other 
integration. In contrast, if someone raises your excellent idea 
in a meeting and takes credit for it while you both agreed 
that you would bring it up, this is very frustrating and may 
decrease self–other integration. Also higher level interpreta-
tions of why someone is taking over your task (e.g., out of 
kindness vs. because they deem you incompetent) may influ-
ence the effect of task distribution violations on self–other 
integration.

Other manipulations of action predictability that do not 
result in double response trials and the violation of task dis-
tribution are also worth investigating. Research on the expe-
rience of agency over self-produced actions has shown that 
time delays between action and outcome lowers the sense 
of agency (Wen, 2019) and may thus also lower the sense of 
joint agency during action coordination. In the joint Simon 
task, the timing of the co-actor’s actions could be rendered 
unpredictable by presenting the stimuli to the two partici-
pants at different points in time or by omitting some of the 
stimuli for one of the participants. As a consequence, one’s 
co-actor may unexpectedly respond when one has not (yet) 
heard a tone. Also, one’s co-actor may respond unexpect-
edly late or not at all. A prediction error in this case would 
not arise because of a violation of task distribution, but 
because of violations of the task rule to respond as quickly 
as possible.

Furthermore, it is important to consider different levels of 
action predictability. In the current line of research we only 
created conditions of completely predictable or completely 
unpredictable actions. Yet, different patterns may emerge 
when rendering the co-actors’ actions just slightly unpre-
dictable. For example, in one study (Klempova & Liepelt, 
2016), the co-actor responded – against the expectation 
– simultaneously with the participant in 7% of the trials. 
Results showed that after such unexpected trials, the joint 
Simon effect temporarily increased. A possible explanation 
for this increased joint Simon effect is that the unexpected 
action increases the attention to the co-actor’s action—per-
haps even with the aim of re-establishing one’s sense of 
agency—resulting in a larger joint Simon effect on subse-
quent predictable trials (Dolk et al., 2013; Hommel, 1993). 
However, when one fails to predict one’s co-actor’ actions in 
the majority of the time, one no longer experiences agency 
over these actions, resulting in reduced joint action represen-
tations. It would be interesting to test under which levels of 
predictability the joint Simon effect starts to (temporarily) 
increase or decrease.

It is also noteworthy that people typically tend to make 
themselves predictable during joint actions with the aim to 
enhance action coordination. In a study that demonstrated 
this strategic use of action predictability, participants had 
to react to a certain stimulus at the exact same time as their 
co-actor (Vesper et al., 2011, 2013, 2016). To coordinate 

their actions in time, they reduced their reaction time vari-
ability by reacting as soon as possible. This strategy was not 
used in the mere presence of another actor when no action 
coordination was required. It may well be the case that such 
reduced response variability also enhances agency experi-
ences, which may mediate the effect on joint action coor-
dination. However, this argumentation is speculative and 
awaits future testing.

Finally, it would be interesting to see how the joint Simon 
effect relates to the standard Simon effect under conditions 
of vicarious agency and action prediction. By including a 
standard Simon task version in the study design, or by test-
ing response features (e.g. visual, auditory) that are unique 
to the standard Simon effect, one may determine whether 
vicarious agency actually leads people to represent the co-
actor’s action as their own (and would basically turn the joint 
Simon task into a standard Simon task).

Concluding remarks

Joint action representations are essential for action coordi-
nation. Therefore, it is important to understand when peo-
ple feel in control over another person’s actions and how 
this social agency impacts self–other integration (Silver 
et al., 2021). Previous research has convincingly demon-
strated that the extent to which the co-actor is perceived as 
agentic is positively related to the joint representation of 
actions. Extending this line of research, we presented novel 
evidence for the crucial role of action prediction in joint 
action. In doing so, we hope that the present research may 
offer new directions in the study of joint action, to further 
our understanding of the conditions that facilitate smooth 
action coordination.

Acknowledgements The present research was financially supported 
by the German Research Foundation Grant DFG LI 2115, 1-3 awarded 
to R. L., a seedcorn grant from the European Association of Social 
Psychology awarded to A. W., and VIDI-grant 452-11-014 from the 
Dutch Organization for Scientific Research awarded to N. E. M. van 
Haren. We would also like to thank Serena van den Langenberg for 
the experimental set-up and data collection for Experiment 2. We also 
thank Dr. John A. Dewey, Prof. Dr. Cedric A. Bouquet, and an anony-
mous reviewer for their constructive comments and for providing the 
inspiration for the exploratory analyses of Experiment 2.

Author contributions All authors contributed to the study conception 
and design of E1. RL and AvdW conceived and designed E2. Material 
preparation, data collection and analysis were performed by EP (for E1) 
and AvdW (for E2). The first draft of the manuscript was written by 
AvdW and all authors commented on previous versions of the manu-
script. All authors read and approved the final manuscript.

Declarations 

Conflict of interest There are no conflicts of interest.



Psychological Research 

1 3

Ethical approval All the procedures were conducted in accordance with 
the ethical guidelines of the local ethics committees of Utrecht Univer-
sity, the University of Muenster, and the 1975 Declaration of Helsinki.

Consent to participate All participants gave written informed consent 
to participate in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Aarts, H., Custers, R., & Wegner, D. M. (2005). On the inference of 
personal authorship: Enhancing experienced agency by priming 
effect information. Consciousness and Cognition, 14(3), 439–458. 
https:// doi. org/ 10. 1016/j. concog. 2004. 11. 001

Ansorge, U., & Wühr, P. (2004). A response-discrimination account 
of the simon effect. Journal of Experimental Psychology: Human 
Perception and Performance, 30(2), 365–377. https:// doi. org/ 10. 
1037/ 0096- 1523. 30.2. 365

Antusch, S., Custers, R., Marien, H., & Aarts, H. (2021). Studying the 
sense of agency in the absence of motor movement: An investi-
gation into temporal binding of tactile sensations and auditory 
effects. Experimental Brain Research, 239(6), 1795–1806. https:// 
doi. org/ 10. 1007/ S00221- 021- 06087-8

Aquino, A., Paolini, D., Pagliaro, S., Migliorati, D., Wolff, A., Alp-
arone, F. R., & Costantini, M. (2015). Group membership and 
social status modulate joint actions. Experimental Brain Research, 
233(8), 2461–2466. https:// doi. org/ 10. 1007/ s00221- 015- 4316-7

Aron, A., Aron, E. N., & Smollan, D. (1992). Inclusion of other in the 
self scale and the structure of interpersonal closeness. Journal of 
Personality and Social Psychology, 63(4), 596–612.

Atmaca, S., Sebanz, N., & Knoblich, G. (2011). The joint flanker 
effect: sharing tasks with real and imagined co-actors. Experi-
mental Brain Research. Experimentelle Hirnforschung. Experi-
mentation Cerebrale, 211(3–4), 371–385. https:// doi. org/ 10. 1007/ 
s00221- 011- 2709-9

Beringer, J. (2000). Experimental Runtime System (Version 3.33e). 
BeriSoft Cooperation.

Bolt, N. K., & Loehr, J. D. (2017). The predictability of a partner’s 
actions modulates the sense of joint agency. Cognition, 161, 
60–65. https:// doi. org/ 10. 1016/J. COGNI TION. 2017. 01. 004

Bolt, N. K., Poncelet, E. M., Schultz, B. G., & Loehr, J. D. (2016). 
Mutual coordination strengthens the sense of joint agency in coop-
erative joint action. Consciousness and Cognition, 46, 173–187. 
https:// doi. org/ 10. 1016/J. CONCOG. 2016. 10. 001

Carr, L., Iacoboni, M., Dubeau, M.-C., Mazziotta, J. C., & Lenzi, G. L. 
(2003). Neural mechanisms of empathy in humans: A relay from 
neural systems for imitation to limbic areas. Proceedings of the 
National Academy of Sciences of the United States of America, 
100(9), 5497–5502. https:// doi. org/ 10. 1073/ pnas. 09358 45100

Caspar, E. A., Ioumpa, K., Keysers, C., & Gazzola, V. (2020). Obeying 
orders reduces vicarious brain activation towards victims’ pain. 

NeuroImage, 222, 117251. https:// doi. org/ 10. 1016/j. neuro image. 
2020. 117251

Chambon, V., & Haggard, P. (2012). Sense of control depends on 
fluency of action selection, not motor performance. Cognition, 
125(3), 441–451. https:// doi. org/ 10. 1016/j. cogni tion. 2012. 07. 011.

Chambon, V., Wenke, D., Fleming, S. M., Prinz, W., & Haggard, P. 
(2013). An online neural substrate for sense of agency. Cerebral 
Cortex (new York, NY 1991), 23(5), 1031–1037. https:// doi. org/ 
10. 1093/ cercor/ bhs059

Cochin, S., Barthelemy, C., Roux, S., & Martineau, J. (1999). Obser-
vation and execution of movement: Similarities demonstrated by 
quantified electroencephalography. European Journal of Neuro-
science, 11(5), 1839–1842. https:// doi. org/ 10. 1046/j. 1460- 9568. 
1999. 00598.x

Colzato, L. S., Zech, H., Hommel, B., Verdonschot, R., van den Wil-
denberg, W. P. M., & Hsieh, S. (2012). Loving-kindness brings 
loving-kindness: The impact of Buddhism on cognitive self-other 
integration. Psychonomic Bulletin & Review, 19(3), 541–545. 
https:// doi. org/ 10. 3758/ s13423- 012- 0241-y

Costantini, M., & Ferri, F. (2013). Action co-representation and social 
exclusion. Experimental Brain Research, 227(1), 85–92. https:// 
doi. org/ 10. 1007/ s00221- 013- 3487-3

Cracco, E., Desmet, C., & Brass, M. (2016). When your error becomes 
my error: Anterior insula activation in response to observed errors 
is modulated by agency. Social Cognitive and Affective Neurosci-
ence, 11(3), 357–366. https:// doi. org/ 10. 1093/ scan/ nsv120

Craft, J. L., & Simon, J. R. (1970). Processing symbolic information 
from a visual display: Interference from an irrelevant directional 
cue. Journal of Experimental Psychology, 83(3, Pt. 1), 415–420. 
https:// doi. org/ 10. 1037/ h0028 843

Csikszentmihalyi, M., Abuhamdeh, S., & Nakamura, J. (2005). Flow. A 
general context for a concept of mastery motivation. In: Handbook 
of Competence and Motivation, pp 598–608.

D’Ascenzo, S., Lugli, L., Baroni, G., Guidotti, R., Rubichi, S., Iani, 
C., & Nicoletti, R. (2018). Visual versus auditory Simon effect: 
A behavioural and physiological investigation. Quarterly Journal 
of Experimental Psychology, 71(4), 917–930. https:// doi. org/ 10. 
1080/ 17470 218. 2017. 13074 29

Damen, T. G. E., van Baaren, R. B., & Dijksterhuis, A. (2014). You 
should read this! Perceiving and acting upon action primes influ-
ences one’s sense of agency. Journal of Experimental Social Psy-
chology, 50, 21–26. https:// doi. org/ 10. 1016/j. jesp. 2013. 09. 003

Demanet, J., Muhle-Karbe, P. S., Lynn, M. T., Blotenberg, I., & Brass, 
M. (2013). Power to the will: How exerting physical effort boosts 
the sense of agency. Cognition, 129(3), 574–578. https:// doi. org/ 
10. 1016/j. cogni tion. 2013. 08. 020

Dewey, J. A., & Carr, T. H. (2013). When dyads act in parallel, a sense 
of agency for the auditory consequences depends on the order of 
the actions. Consciousness and Cognition, 22(1), 155–166. https:// 
doi. org/ 10. 1016/j. concog. 2012. 12. 004

Dolk, T., Hommel, B., Colzato, L. S., Schütz-Bosbach, S., Prinz, W., 
& Liepelt, R. (2011). How “social” is the social Simon effect? 
Frontiers in Psychology, 2(May), 84. https:// doi. org/ 10. 3389/ 
fpsyg. 2011. 00084

Dolk, T., Hommel, B., Prinz, W., & Liepelt, R. (2013). The (not so) 
social Simon effect: A referential coding account. Journal of 
Experimental Psychology. Human Perception and Performance, 
39(5), 1248–1260. http:// www. ncbi. nlm. nih. gov/ pubmed/ 23339 
346.

Dolk, T., Hommel, B., Colzato, L. S., Schütz-Bosbach, S., Prinz, W., & 
Liepelt, R. (2014). The joint Simon effect: A review and theoreti-
cal integration. Frontiers in Psychology, 5, 974. https:// doi. org/ 
10. 3389/ fpsyg. 2014. 00974

Elsner, B., & Hommel, B. (2001). effect anticipation and action con-
trol. Journal of Experimental Psychology: Human Perception and 
Performance, 27(1), 229–240.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.concog.2004.11.001
https://doi.org/10.1037/0096-1523.30.2.365
https://doi.org/10.1037/0096-1523.30.2.365
https://doi.org/10.1007/S00221-021-06087-8
https://doi.org/10.1007/S00221-021-06087-8
https://doi.org/10.1007/s00221-015-4316-7
https://doi.org/10.1007/s00221-011-2709-9
https://doi.org/10.1007/s00221-011-2709-9
https://doi.org/10.1016/J.COGNITION.2017.01.004
https://doi.org/10.1016/J.CONCOG.2016.10.001
https://doi.org/10.1073/pnas.0935845100
https://doi.org/10.1016/j.neuroimage.2020.117251
https://doi.org/10.1016/j.neuroimage.2020.117251
https://doi.org/10.1016/j.cognition.2012.07.011
https://doi.org/10.1093/cercor/bhs059
https://doi.org/10.1093/cercor/bhs059
https://doi.org/10.1046/j.1460-9568.1999.00598.x
https://doi.org/10.1046/j.1460-9568.1999.00598.x
https://doi.org/10.3758/s13423-012-0241-y
https://doi.org/10.1007/s00221-013-3487-3
https://doi.org/10.1007/s00221-013-3487-3
https://doi.org/10.1093/scan/nsv120
https://doi.org/10.1037/h0028843
https://doi.org/10.1080/17470218.2017.1307429
https://doi.org/10.1080/17470218.2017.1307429
https://doi.org/10.1016/j.jesp.2013.09.003
https://doi.org/10.1016/j.cognition.2013.08.020
https://doi.org/10.1016/j.cognition.2013.08.020
https://doi.org/10.1016/j.concog.2012.12.004
https://doi.org/10.1016/j.concog.2012.12.004
https://doi.org/10.3389/fpsyg.2011.00084
https://doi.org/10.3389/fpsyg.2011.00084
http://www.ncbi.nlm.nih.gov/pubmed/23339346
http://www.ncbi.nlm.nih.gov/pubmed/23339346
https://doi.org/10.3389/fpsyg.2014.00974
https://doi.org/10.3389/fpsyg.2014.00974


 Psychological Research

1 3

Faul, F., Erdfelder, E., Buchner, A., & Lang, A.-G. (2013). Statisti-
cal power analyses using G*Power 3.1: tests for correlation and 
regression analyses. Behavior Research Methods, 41, 1149–1160. 
https:// doi. org/ 10. 3758/ BRM. 41.4. 1149

Gabbard, C., & Bobbio, T. (2011). The inability to mentally represent 
action may be associated with performance deficits in children 
with developmental coordination disorder. International Journal 
of Neuroscience, 121(3), 113–120. https:// doi. org/ 10. 3109/ 00207 
454. 2010. 535936

Gentsch, A., & Schütz-Bosbach, S. (2011). I did it: Unconscious 
expectation of sensory consequences modulates the experience 
of self-agency and its functional signature. Journal of Cogni-
tive Neuroscience, 23(12), 3817–3828. https:// doi. org/ 10. 1162/ 
jocn_a_ 00012

Guagnano, D., Rusconi, E., & Umiltà, C. (2013). Joint (mis-)represen-
tations: a reply to Welsh et al. 2013. Journal of Motor Behavior, 
45(1), 7–8. https:// doi. org/ 10. 1080/ 00222 895. 2012. 752688

Haggard, P., & Chambon, V. (2012). Sense of control depends on 
fluency of action selection, not motor performance. Cognition, 
125(3), 441–451. https:// doi. org/ 10. 1016/j. cogni tion. 2012. 07. 011

Hari, R., Forss, N., Avikainen, S., Kirveskari, E., Salenius, S., & Riz-
zolatti, G. (1998). Activation of human primary motor cortex dur-
ing action observation: A neuromagnetic study. Proceedings of the 
National Academy of Sciences, 95(25), 15061–15065. https:// doi. 
org/ 10. 1073/ pnas. 95. 25. 15061

Hommel, B. (1993). The role of attention for the Simon effect. Psy-
chological Research Psychologische Forschung, 55(3), 208–222. 
https:// doi. org/ 10. 1007/ BF004 19608

Hommel, B. (1996). The cognitive representation of action: Automatic 
integration of perceived action effects. Psychological Research 
Psychologische Forschung, 59(3), 176–186. https:// doi. org/ 10. 
1007/ BF004 25832

Hommel, B., Colzato, L. S., & van den Wildenberg, W. P. M. (2009). 
How social are task representations? Psychological Science, 
20(7), 794–798. https:// doi. org/ 10. 1111/j. 1467- 9280. 2009. 
02367.x

Iani, C., Anelli, F., Nicoletti, R., Arcuri, L., & Rubichi, S. (2011). 
The role of group membership on the modulation of joint action. 
Experimental Brain Research, 211(3–4), 439–445. https:// doi. org/ 
10. 1007/ s00221- 011- 2651-x

Iani, C., Anelli, F., Nicoletti, R., & Rubichi, S. (2014). The carry-over 
effect of competition in task-sharing: Evidence from the joint 
Simon task. PLoS ONE, 9(6), e97991. https:// doi. org/ 10. 1371/ 
journ al. pone. 00979 91

Iani, C., Ciardo, F., Panajoli, S., Lugli, L., & Rubichi, S. (2021). The 
role of the co-actor’s response reachability in the joint Simon 
effect: Remapping of working space by tool use. Psychological 
Research Psychologische Forschung, 85(2), 521–532. https:// doi. 
org/ 10. 1007/ s00426- 019- 01271-6

Jones, S. R., de Wit, L., Fernyhough, C., & Meins, E. (2008). A new 
spin on the Wheel of Fortune: priming of action-authorship judge-
ments and relation to psychosis-like experiences. Consciousness 
and Cognition, 17(3), 576–586. https:// doi. org/ 10. 1016/j. concog. 
2007. 08. 008

Kip, A., Blom, D., & van der Weiden, A. (2021). On the course of goal 
pursuit: The influence of goal progress on explicit judgments of 
self-agency. Consciousness and Cognition, 96, 103222. https:// 
doi. org/ 10. 1016/J. CONCOG. 2021. 103222

Klempova, B., & Liepelt, R. (2016). Do you really represent my task? 
Sequential adaptation effects to unexpected events support refer-
ential coding for the joint Simon effect. Psychological Research 
Psychologische Forschung, 80(4), 449–463. https:// doi. org/ 10. 
1007/ s00426- 015- 0664-y

Lepron, E., Causse, M., & Farrer, C. (2014). Responsibility and the 
sense of agency enhance empathy for pain. Proceedings of the 

Royal Society B: Biological Sciences. https:// doi. org/ 10. 1098/ 
rspb. 2014. 2288

Liepelt, R., Klempova, B., Dolk, T., Colzato, L. S., Ragert, P., Nitsche, 
M. A., & Hommel, B. (2016). The medial frontal cortex medi-
ates self-other discrimination in the joint Simon task. Journal of 
Psychophysiology, 30(3), 87–101. https:// doi. org/ 10. 1027/ 0269- 
8803/ a0001 58

Liepelt, R., & Prinz, W. (2011). How two share two tasks: Evidence 
of a social psychological refractory period effect. Experimental 
Brain Research, 211(3–4), 387–396. https:// doi. org/ 10. 1007/ 
s00221- 011- 2703-2

Liepelt, R., & Raab, M. (2021). Metacontrol and joint action: How 
shared goals transfer from one task to another? Psychological 
Research Psychologische Forschung, 1, 3. https:// doi. org/ 10. 1007/ 
s00426- 020- 01443-9

Liepelt, R., Wenke, D., Fischer, R., & Prinz, W. (2011). Trial-to-trial 
sequential dependencies in a social and non-social Simon task. 
Psychological Research Psychologische Forschung, 75(5), 366–
375. https:// doi. org/ 10. 1007/ s00426- 010- 0314-3

Linser, K., & Goschke, T. (2007). Unconscious modulation of the 
conscious experience of voluntary control. Cognition, 104(3), 
459–475. https:// doi. org/ 10. 1016/j. cogni tion. 2006. 07. 009

Martiny-Huenger, T., Martiny, S. E., & Gollwitzer, P. (2015). Action 
control by if-then planning: Explicating the mechanisms of stra-
tegic automaticity in regard to objective and subjective agency. 
In B. Eitam, & P. Haggard (Eds.), Human agency: Functions and 
mechanisms (pp. 63–93). Oxford University Press.

McClung, J. S., Jentzsch, I., & Reicher, S. D. (2013). Group mem-
bership affects spontaneous mental representation: Failure to 
represent the out-group in a joint action task. PLoS ONE, 8(11), 
e79178. https:// doi. org/ 10. 1371/ journ al. pone. 00791 78

Mendl, J., Fröber, K., & Dolk, T. (2018). Are you keeping an eye on 
me? The influence of competition and cooperation on joint Simon 
task performance. Frontiers in Psychology, 9(Aug), 1361. https:// 
doi. org/ 10. 3389/ fpsyg. 2018. 01361

Moore, J. W., & Obhi, S. S. (2012). Intentional binding and the sense of 
agency: A review. Consciousness and Cognition, 21(1), 546–561. 
https:// doi. org/ 10. 1016/j. concog. 2011. 12. 002

Moretto, G., Walsh, E., & Haggard, P. (2011). Experience of agency 
and sense of responsibility. Consciousness and Cognition, 20(4), 
1847–1854. https:// doi. org/ 10. 1016/j. concog. 2011. 08. 014

Morsella, E., Wilson, L.E., Berger, C.C. et al. (2009). Subjective 
aspects of cognitive control at different stages of processing. 
Attention, Perception, & Psychophysics, 71, 1807–1824. https:// 
doi. org/ 10. 3758/ APP. 71.8. 1807.

Mukamel, R., Ekstrom, A. D., Kaplan, J., Iacoboni, M., & Fried, I. 
(2010). Single-neuron responses in humans during execution and 
observation of actions. Current Biology, 20(8), 750–756. http:// 
www. scien cedir ect. com/ scien ce/ artic le/ pii/ S0960 98221 00023 32

Müller, B. C. N., Brass, M., Kühn, S., Tsai, C.-C., Nieuwboer, W., 
Dijksterhuis, A., & van Baaren, R. B. (2011). When pinocchio 
acts like a human, a wooden hand becomes embodied action 
co-representation for non-biological agents. Neuropsychologia, 
49(5), 1373–1377. https:// doi. org/ 10. 1016/j. neuro psych ologia. 
2011. 01. 022

Müller, B. C. N., Kühn, S., van Baaren, R. B., Dotsch, R., Brass, M., & 
Dijksterhuis, A. (2011). Perspective taking eliminates differences 
in co-representation of out-group members’ actions. Experimen-
tal Brain Research, 211(3–4), 423–428. https:// doi. org/ 10. 1007/ 
s00221- 011- 2654-7

Müller, B. C. N., Oostendorp, A. K., Kühn, S., Brass, M., Dijksterhuis, 
A., & van Baaren, R. B. (2015). When triangles become human: 
Action co-representation for objects. Interaction Studies, 16(1), 
54–67. https:// doi. org/ 10. 1075/ is. 16.1. 03mul

Oliveira, F. T. P., & Ivry, R. B. (2008). The representation of action: 
Insights from bimanual coordination. Current Directions in 

https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.3109/00207454.2010.535936
https://doi.org/10.3109/00207454.2010.535936
https://doi.org/10.1162/jocn_a_00012
https://doi.org/10.1162/jocn_a_00012
https://doi.org/10.1080/00222895.2012.752688
https://doi.org/10.1016/j.cognition.2012.07.011
https://doi.org/10.1073/pnas.95.25.15061
https://doi.org/10.1073/pnas.95.25.15061
https://doi.org/10.1007/BF00419608
https://doi.org/10.1007/BF00425832
https://doi.org/10.1007/BF00425832
https://doi.org/10.1111/j.1467-9280.2009.02367.x
https://doi.org/10.1111/j.1467-9280.2009.02367.x
https://doi.org/10.1007/s00221-011-2651-x
https://doi.org/10.1007/s00221-011-2651-x
https://doi.org/10.1371/journal.pone.0097991
https://doi.org/10.1371/journal.pone.0097991
https://doi.org/10.1007/s00426-019-01271-6
https://doi.org/10.1007/s00426-019-01271-6
https://doi.org/10.1016/j.concog.2007.08.008
https://doi.org/10.1016/j.concog.2007.08.008
https://doi.org/10.1016/J.CONCOG.2021.103222
https://doi.org/10.1016/J.CONCOG.2021.103222
https://doi.org/10.1007/s00426-015-0664-y
https://doi.org/10.1007/s00426-015-0664-y
https://doi.org/10.1098/rspb.2014.2288
https://doi.org/10.1098/rspb.2014.2288
https://doi.org/10.1027/0269-8803/a000158
https://doi.org/10.1027/0269-8803/a000158
https://doi.org/10.1007/s00221-011-2703-2
https://doi.org/10.1007/s00221-011-2703-2
https://doi.org/10.1007/s00426-020-01443-9
https://doi.org/10.1007/s00426-020-01443-9
https://doi.org/10.1007/s00426-010-0314-3
https://doi.org/10.1016/j.cognition.2006.07.009
https://doi.org/10.1371/journal.pone.0079178
https://doi.org/10.3389/fpsyg.2018.01361
https://doi.org/10.3389/fpsyg.2018.01361
https://doi.org/10.1016/j.concog.2011.12.002
https://doi.org/10.1016/j.concog.2011.08.014
https://doi.org/10.3758/APP.71.8.1807
https://doi.org/10.3758/APP.71.8.1807
http://www.sciencedirect.com/science/article/pii/S0960982210002332
http://www.sciencedirect.com/science/article/pii/S0960982210002332
https://doi.org/10.1016/j.neuropsychologia.2011.01.022
https://doi.org/10.1016/j.neuropsychologia.2011.01.022
https://doi.org/10.1007/s00221-011-2654-7
https://doi.org/10.1007/s00221-011-2654-7
https://doi.org/10.1075/is.16.1.03mul


Psychological Research 

1 3

Psychological Science, 17(2), 130–135. https:// doi. org/ 10. 1111/j. 
1467- 8721. 2008. 00562.x

Pacherie, E. (2012). The Phenomenology of joint action: Self-agency 
vs. joint-agency. Joint Attention: New Developments, 343–389. 
http:// jeann icod. ccsd. cnrs. fr/ ijn_ 00778 370.

Pezzulo, G. (2011). Shared representations as coordination tools for 
interaction. Review of Philosophy and Psychology, 2, 303–333. 
https:// doi. org/ 10. 1007/ s13164- 011- 0060-5

Preston, J., & Wegner, D. M. (2007). The eureka error: Inadvertent 
plagiarism by misattributions of effort. Journal of Personality 
and Social Psychology, 92(4), 575–584. https:// doi. org/ 10. 1037/ 
0022- 3514. 92.4. 575

Preston, J., & Wegner, D. M. (2009). Elbow grease: The experience 
of effort in action. In: E. Morsella, J. A. Bargh, & P. M. Gollwit-
zer (Eds.), Oxford Handbook of Human Action (pp. 469–486). 
Oxford University Press. https:// philp apers- org. proxy. libra ry. uu. 
nl/ rec/ PREEGT.

Ratcliff, R. (1993). Methods for dealing with reaction time outliers. 
Psychological Bulletin, 114(3), 510–532.

Röder, B., Kusmierek, A., Spence, C., & Schicke, T. (2007). Devel-
opmental vision determines the reference frame for the multisen-
sory control of action. Proceedings of the National Academy of 
Sciences of the United States of America, 104(11), 4753–4758. 
https:// doi. org/ 10. 1073/ pnas. 06071 58104

Ruissen, M. I., & De Bruijn, E. R. A. (2016). Competitive game play 
attenuates self-other integration during joint task performance. 
Frontiers in Psychology, 7(Mar), 274. https:// doi. org/ 10. 3389/ 
FPSYG. 2016. 00274/ BIBTEX

Ruys, K. I., & Aarts, H. (2010). When competition merges people’s 
behavior: Interdependency activates shared action representations. 
Journal of Experimental Social Psychology, 46(6), 1130–1133. 
https:// doi. org/ 10. 1016/j. jesp. 2010. 05. 016

Ruys, K. I., & Aarts, H. (2012). I didn’t mean to hurt you! Unconscious 
origins of experienced self-agency over others’ emotions. Emo-
tion, 12(1), 132–141.

Sebanz, N., Bekkering, H., & Knoblich, G. (2006). Joint action: Bodies 
and minds moving together. Trends in Cognitive Sciences, 10(2), 
70–76. https:// doi. org/ 10. 1016/J. TICS. 2005. 12. 009

Sebanz, N., Knoblich, G., & Prinz, W. (2003). Representing others’ 
actions: Just like one’s own? Cognition, 88(3), B11–B21. https:// 
doi. org/ 10. 1016/ S0010- 0277(03) 00043-X

Sebanz, N., Knoblich, G., Stumpf, L., & Prinz, W. (2005). Far from 
action-blind: Representation of others’ actions in individuals with 
Autism. Cognitive Neuropsychology, 22(3), 433–454. https:// doi. 
org/ 10. 1080/ 02643 29044 20001 21

Sidarus, N., & Haggard, P. (2016). Difficult action decisions reduce 
the sense of agency: A study using the Eriksen flanker task. Acta 
psychologica, 166, 1–11. https:// doi. org/ 10. 1016/j. actpsy. 2016. 
03. 003.

Sidarus, N., Vuorre, M., Metcalfe, J., & Haggard, P. (2017). Investigat-
ing the prospective sense of agency: effects of processing fluency, 
stimulus ambiguity, and response conflict. Frontiers in Psychol-
ogy, 8, 545. https:// doi. org/ 10. 3389/ fpsyg. 2017. 00545.

Silver, C. A., Tatler, B. W., Chakravarthi, R., & Timmermans, B. 
(2021). Social agency as a continuum. Psychonomic Bul-
letin and Review, 28(2), 434–453. https:// doi. org/ 10. 3758/ 
s13423- 020- 01845-1

Simon, J. R. (1990). The effects of an irrelevant directional CUE on 
human information processing. Advances in Psychology, 65, 
31–86. https:// doi. org/ 10. 1016/ S0166- 4115(08) 61218-2

Simon, J. R., Hinrichs, J. V., & Craft, J. L. (1970). Auditory S-R com-
patibility: Reaction time as a function of ear-hand correspondence 
and ear-response-location correspondence. Journal of Experimen-
tal Psychology, 86(1), 97–102. https:// doi. org/ 10. 1037/ h0029 783

Simon, J. R., & Small, A. M., Jr. (1969). Processing auditory infor-
mation: Interference from an irrelevant cue. Journal of Applied 
Psychology, 53(5), 433–435.

Simon, J. R., & Wolf, J. D. (1963). Choice reaction time as a function 
of angular stimulus-response correspondence and age. Ergonom-
ics, 6(1), 99–105. https:// doi. org/ 10. 1080/ 00140 13630 89306 79

Stenzel, A., Chinellato, E., Bou, M. A. T., del Pobil, Á. P., Lappe, M., 
& Liepelt, R. (2012). When humanoid robots become human-like 
interaction partners: Corepresentation of robotic actions. Jour-
nal of Experimental Psychology. Human Perception and Perfor-
mance, 38(5), 1073–1077. https:// doi. org/ 10. 1037/ a0029 493

Stenzel, A., Dolk, T., Colzato, L. S., Sellaro, R., Hommel, B., & 
Liepelt, R. (2014). The joint Simon effect depends on perceived 
agency, but not intentionality, of the alternative action. Frontiers 
in Human Neuroscience, 8, 595. https:// doi. org/ 10. 3389/ fnhum. 
2014. 00595

Stephenson, L. J., Edwards, S. G., Howard, E. E., & Bayliss, A. P. 
(2018). Eyes that bind us: Gaze leading induces an implicit sense 
of agency. Cognition, 172, 124–133. https:// doi. org/ 10. 1016/j. 
cogni tion. 2017. 12. 011

Tsai, C.-C., Kuo, W.-J., Hung, D. L., & Tzeng, O. J. L. (2008). Action 
co-representation is tuned to other humans. Journal of Cognitive 
Neuroscience, 20(11), 2015–2024.

van der Weiden, A., Aarts, H., Prikken, M., & van Haren, N. E. M. 
(2016). Individual differences in action co-representation: Not 
personal distress or subclinical psychotic experiences but sex 
composition modulates joint action performance. Experimen-
tal Brain Research, 234, 499–510. https:// doi. org/ 10. 1007/ 
s00221- 015- 4475-6

van der Weiden, A., Aarts, H., & Ruys, K. I. (2011a). Prime and prob-
ability: Causal knowledge affects inferential and predictive effects 
on self-agency experiences. Consciousness and Cognition, 20(4), 
1865–1871. http:// www. scien cedir ect. com/ scien ce/ artic le/ pii/ 
S1053 81001 10021 57.

van der Weiden, A., Aarts, H., & Ruys, K. I. (2011b). Prime and prob-
ability: Causal knowledge affects inferential and predictive effects 
on self-agency experiences. Consciousness and Cognition. https:// 
doi. org/ 10. 1016/j. concog. 201.1. 09. 007

Van der Weiden, A., Aarts, H., & Ruys, K. (2013). On the nature of 
experiencing self-agency: The role of goals and primes in infer-
ring oneself as the cause of behavior. Social and Personality Psy-
chology Compass. https:// doi. org/ 10. 1111/ spc3. 12075

van der Weiden, A., Ruys, K. I., & Aarts, H. (2013). A matter of match-
ing: How goals and primes affect self-agency experiences. Journal 
of Experimental Psychology. General, 142(3), 954–966. https:// 
doi. org/ 10. 1037/ a0030 079

van der Wel, R. P. R. D. R. D., Sebanz, N., & Knoblich, G. (2012). The 
sense of agency during skill learning in individuals and dyads. 
Consciousness and Cognition, 21(3), 1267–1279. https:// doi. org/ 
10. 1016/j. concog. 2012. 04. 001

Vesper, C., Schmitz, L., Sebanz, N., & Knoblich, G. (2013). Joint 
action coordination through strategic reduction of variability.

Vesper, C., Schmitz, L., Safra, L., Sebanz, N., & Knoblich, G. (2016). 
The role of shared visual information for joint action coordina-
tion. Cognition, 153, 118–123. https:// doi. org/ 10. 1016/j. cogni tion. 
2016. 05. 002

Vesper, C., van der Wel, R. P. R. D., Knoblich, G., & Sebanz, N. 
(2011). Making oneself predictable: Reduced temporal variability 
facilitates joint action coordination. Experimental Brain Research, 
211(3–4), 517–530. https:// doi. org/ 10. 1007/ s00221- 011- 2706-z

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. https:// doi. 
org/ 10. 1016/j. concog. 2017. 09. 005.

https://doi.org/10.1111/j.1467-8721.2008.00562.x
https://doi.org/10.1111/j.1467-8721.2008.00562.x
http://jeannicod.ccsd.cnrs.fr/ijn_00778370
https://doi.org/10.1007/s13164-011-0060-5
https://doi.org/10.1037/0022-3514.92.4.575
https://doi.org/10.1037/0022-3514.92.4.575
https://philpapers-org.proxy.library.uu.nl/rec/PREEGT
https://philpapers-org.proxy.library.uu.nl/rec/PREEGT
https://doi.org/10.1073/pnas.0607158104
https://doi.org/10.3389/FPSYG.2016.00274/BIBTEX
https://doi.org/10.3389/FPSYG.2016.00274/BIBTEX
https://doi.org/10.1016/j.jesp.2010.05.016
https://doi.org/10.1016/J.TICS.2005.12.009
https://doi.org/10.1016/S0010-0277(03)00043-X
https://doi.org/10.1016/S0010-0277(03)00043-X
https://doi.org/10.1080/02643290442000121
https://doi.org/10.1080/02643290442000121
https://doi.org/10.1016/j.actpsy.2016.03.003
https://doi.org/10.1016/j.actpsy.2016.03.003
https://doi.org/10.3389/fpsyg.2017.00545
https://doi.org/10.3758/s13423-020-01845-1
https://doi.org/10.3758/s13423-020-01845-1
https://doi.org/10.1016/S0166-4115(08)61218-2
https://doi.org/10.1037/h0029783
https://doi.org/10.1080/00140136308930679
https://doi.org/10.1037/a0029493
https://doi.org/10.3389/fnhum.2014.00595
https://doi.org/10.3389/fnhum.2014.00595
https://doi.org/10.1016/j.cognition.2017.12.011
https://doi.org/10.1016/j.cognition.2017.12.011
https://doi.org/10.1007/s00221-015-4475-6
https://doi.org/10.1007/s00221-015-4475-6
http://www.sciencedirect.com/science/article/pii/S1053810011002157
http://www.sciencedirect.com/science/article/pii/S1053810011002157
https://doi.org/10.1016/j.concog.201.1.09.007
https://doi.org/10.1016/j.concog.201.1.09.007
https://doi.org/10.1111/spc3.12075
https://doi.org/10.1037/a0030079
https://doi.org/10.1037/a0030079
https://doi.org/10.1016/j.concog.2012.04.001
https://doi.org/10.1016/j.concog.2012.04.001
https://doi.org/10.1016/j.cognition.2016.05.002
https://doi.org/10.1016/j.cognition.2016.05.002
https://doi.org/10.1007/s00221-011-2706-z
https://doi.org/10.1016/j.concog.2017.09.005
https://doi.org/10.1016/j.concog.2017.09.005


 Psychological Research

1 3

Wegner, D. M. (2002). The Illusion of Conscious Will. MIT Press. 
http:// books. google. com/ books? hl= nl& lr= & id= eQnlR g56pi QC& 
pgis=1.

Wegner, D. M., Sparrow, B., & Winerman, L. (2004). Vicarious 
agency: Experiencing control over the movements of others. Jour-
nal of Personality and Social Psychology, 86(6), 838–848. https:// 
doi. org/ 10. 1037/ 0022- 3514. 86.6. 838

Wegner, D. M., & Wheatley, T. (1999). Apparent mental causation: 
Sources of the experience of will. American Psychologist, 54(7), 
480–492.

Welsh, T. N., Kiernan, D., Neyedli, H. F., Ray, M., Pratt, J., Potruff, 
A., & Weeks, D. J. (2013). Joint Simon effects in extrapersonal 
space. Journal of Motor Behavior, 45(1), 1–5. https:// doi. org/ 10. 
1080/ 00222 895. 2012. 746635

Wen, W. (2019). Does delay in feedback diminish sense of agency? A 
review. Consciousness and Cognition, 73, 102759. https:// doi. org/ 
10. 1016/j. concog. 2019. 05. 007

Wenke, D., Fleming, S. M., & Haggard, P. (2010). Subliminal prim-
ing of actions influences sense of control over effects of action. 
Cognition, 115(1), 26–38. https:// doi. org/ 10. 1016/j. cogni tion. 
2009. 10. 016.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://books.google.com/books?hl=nl&lr=&id=eQnlRg56piQC&pgis=1
http://books.google.com/books?hl=nl&lr=&id=eQnlRg56piQC&pgis=1
https://doi.org/10.1037/0022-3514.86.6.838
https://doi.org/10.1037/0022-3514.86.6.838
https://doi.org/10.1080/00222895.2012.746635
https://doi.org/10.1080/00222895.2012.746635
https://doi.org/10.1016/j.concog.2019.05.007
https://doi.org/10.1016/j.concog.2019.05.007
https://doi.org/10.1016/j.cognition.2009.10.016
https://doi.org/10.1016/j.cognition.2009.10.016

	Action prediction modulates self–other integration in joint action
	Abstract
	Introduction
	Experiment 1
	Methods
	Participants
	Stimuli and apparatus

	Task and procedure
	Induction phase
	Joint Simon task phase
	General procedure
	Questionnaire
	Data analysis

	Results
	Manipulation check
	Main findings

	Discussion
	Experiment 2
	Methods
	Participants and design
	Task and procedure


	Results
	Data analysis
	Manipulation check
	Main findings
	Exploratory analyses

	General discussion
	Strengths and limitations
	Implications
	Future directions

	Concluding remarks
	Acknowledgements 
	References




