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Abstract 

The ability to coordinate our actions with others to reach shared goals is a hallmark of 

human sociality. What are the cognitive foundations for this ability? In the present dissertation, 

I addressed this question by investigating the content and structure of joint task representations, 

i.e., of the mental representations that guide action planning and control in joint action by 

specifying what co-actors need to do to reach their goals.  

Distinguishing different theoretical proposals of how joint task representations could be 

structured, the present dissertation tested central assumptions of one of these proposals, referred 

to as the relational structure of joint task representations. This proposal posits that joint task 

representations encode group-level relations between co-actors’ individual task contributions, 

thereby capturing how joint actions are performed at the level of the group rather than at the 

level of the separate interacting individuals. 

The present dissertation comprises four empirical research projects testing this proposal 

by investigating anticipated imitation effects in social interactions between groups (Study I), 

action-outcome learning in synchronous joint action (Study II), and modulations of imitative 

response tendencies in joint task settings (Study III and IV). Study I showed that anticipated 

imitation effects can be shaped by group-level congruency relations but also pointed to 

limitations in how readily people integrate others’ actions into their own task representations. 

Study II showed that action-outcome learning is sensitive to group-level relations between co-

actors’ individual task contributions. Yet, it also indicated that the application of joint task 

representations embedding a relational structure is cognitively costly and not necessarily the 

default in task contexts featuring other co-actors. Finally, Study III and Study IV revealed that 

shared goals that specify relations between the outcomes of own and others’ individual task 

contributions are limited in modulating imitative response tendencies in interactive task 

settings. This indicates that the representations guiding action selection and control in 
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interactive task settings may often remain anchored at individual rather than group-level 

performance. 

Taken together, the findings of the present dissertation provide novel support for the 

proposal that joint task representations can encode group-level relations between co-actors’ 

individual task contributions. At the same time, they reveal important limits on how readily 

these representations get employed in interactive task settings. These findings indicate that joint 

task representations do not default to a fixed structure, but become flexibly adapted to the 

coordination demands, temporal dynamics and specific characteristics of the task at hand. These 

findings advance our understanding of the cognitive architecture underlying joint action, 

indicating that the content and structure of joint task representations is determined by deliberate 

construal processes balancing costs and benefits of different representational structures.  
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1. Introduction 

Changing the world through our actions — to exert agency — is constitutive for our life.  

Our life, however, would be void if we were only able to exert agency on our own. There would 

be no handshakes, no bands, no parties, no conversations, no infrastructure, no governments, 

no research institutions, and the human species would be either extinct by now or still be living 

in caves. Fortunately though, humans possess the capacity to exert joint agency as well, i.e. we 

are able to coordinate our actions with others to achieve shared goals. This capacity for joint 

action enables us not only to great our friends with a handshake, make music with others or 

dance together. It is thought to provide the very foundation for the evolution of human culture, 

language, and cognition (Knoblich & Sebanz, 2006; Tomasello et al., 2005b; Vygotsky, 1978).  

While the relevance of joint action for human life is without doubt, explaining what 

constitutes our ability to act jointly is a challenging scientific endeavour that has occupied 

research across various disciplines in cognitive science. From a psychological perspective, 

engaging in joint action requires dedicated cognitive, perceptual, and motor capacities that 

enable individuals to plan and control their actions in relation to the actions of their interaction 

partners and in relation to the joint action outcomes they produce together (Knoblich et al., 

2011). Prior research has established that these capacities involve a set of specialized 

coordination mechanisms that operate while joint actions are being performed (see Vesper & 

Sebanz, 2016 for a comprehensive overview). However, before engaging many of these 

mechanisms, co-actors must have access to dedicated mental representations that encode task-

relevant features of the joint action in the first place, such as co-actors’ goals and the actions 

and outcomes to be produced in order to reach them (Vesper et al., 2010). Despite an impressive 

range of empirical and theoretical research contributions over the last decades (see Sebanz & 

Knoblich, 2021; Vesper & Sebanz, 2016 for reviews), a comprehensive account of the content 
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and structure of these mental representations — that I shall refer to as joint task representations1 

— is still lacking. The work I present in this dissertation aims to offer such an account by 

investigating what joint task representation encode, how they are structured, and how their 

structure supports successful coordination of joint actions.  

In the following, I will first situate the approach of the current dissertation in the broader 

field of joint action research to motivate why an understanding of joint action requires an 

investigation of the content and structure of joint task representations. Building on previous 

research, I will then present three hypotheses about possible structures of joint task 

representations and lay out how these structures support coordination of joint actions. Based on 

this synthesis I will then lay out the research aims that guided my own empirical work. 

1.1.  Approaches to joint action  

Broadly defined, joint action refers to “any form of social interaction whereby two or 

more individuals coordinate their actions in space and time to bring about a change in the 

environment” (Sebanz et al., 2006, p. 70). This broad definition views a wide range of social 

situations as joint actions. They range from spontaneous alignment of clapping rhythms in a 

group of spectators over mundane activities such as carrying furniture together to highly 

specialized skills such as an army corps executing a tactical manoeuvre. As these examples 

highlight, joint actions can unfold across multiple time scales, involve varying numbers of co-

actors and require interpersonal coordination at different levels of action specification. These 

range from the coordination of higher-level plans and decisions about whether to act together, 

and what goals to pursue, to precise mutual adjustments of bodily movements in space and time 

 
1 Throughout the dissertation I sometimes use the term joint action plan or simply joint 

action representation instead of joint task representation. I use these terms to refer to the same 

concept and use them interchangeably.  
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(Pacherie, 2012). It is therefore not surprising that answers to the question of what constitutes 

our ability to act jointly are as multifaceted as the subject itself.  

1.1.1. Philosophical accounts of joint action 

Philosophical accounts approach joint action by analysing the kind and structure of 

mental states that demarcate intentional joint action from acting alone or merely in parallel with 

others (Bratman, 1992; Gilbert, 2009; Pacherie, 2013; Searle, 1990; Tuomela, 2006). They all 

view the presence of shared intentions as a necessary precondition to engage in joint action. 

However, they hold different positions on how to best capture their collective nature that would 

distinguish them from individual intentions. Some accounts locate the collective aspect of 

shared intentions at the level of the subject holding the intention (Gilbert, 2009), others at the 

level of their content (Bratman, 1992), while some accounts postulate that having a shared 

intention reflects a distinct mode or attitude of having an intention qua member of a group, a 

so-called we-intention or an intention in the “we-mode” (Gallotti & Frith, 2013; Searle, 1990; 

Tuomela, 2006). The notion of shared intentions as the denoting aspect of joint action has 

sparked insightful research on the role of moral obligations and commitments in joint action 

(Michael & Pacherie, 2015), and on the role of language for establishing common-ground 

between co-actors (Clark, 1996). It has also guided empirical research on the phylogenetic and 

ontogenetic development of joint action (Call, 2009; Carpenter, 2009; Tomasello et al., 2005a).  

Despite the fruitfulness of these research programs, philosophical accounts of joint action 

centred on shared intentions, suffer from a central limitation: Their analysis of joint action 

remains limited on stages that precede actual engagement in joint action by focussing on the 

coordination of relatively high-level, future-directed action plans. Consequently, philosophical 

accounts of joint action fall short in explaining how co-actors eventually come to execute a joint 

action once they formed a shared intention to do so (Pacherie, 2013; Tollefsen & Dale, 2012).  
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1.1.2. Dynamical accounts of joint action 

A very different approach to joint action that is primarily concerned with the online 

execution of joint actions is offered by researchers working in the framework of coordination 

dynamics (Marsh et al., 2009; Oullier et al., 2008; Schmidt et al., 2011; Schmidt & Richardson, 

2008). Rather than postulating distinct mental states and internal cognitive processes that make 

people proficient to engage in joint action, these accounts focus on the description and 

explanation of interpersonal coordination patterns that emerge dynamically while social 

interactions unfold in real-time. According to these accounts, interpersonal coordination 

emerges through the informational coupling between individuals, which — following general 

laws of self-organizing systems — leads them to spontaneously synchronize or entrain their 

actions in time (e.g., Richardson et al., 2007).  

Dynamical approaches to joint action offer powerful tools for quantifying the unfolding 

dynamics of interpersonal coordination and provide parsimonious explanations for emergent 

forms of coordination in social interactions. However, they remain mainly focused on the 

spatiotemporal coupling of continuous, usually rhythmic bodily movements between people 

that arise spontaneously, often without people explicitly planning or intending to do so. As 

such, they remain limited in their reach to explain instances of joint action that require people 

to plan and control discrete actions in relation to the actions of their co-actors or in relation to 

distinct goals co-actors are trying to achieve (Knoblich et al., 2011).  

1.1.3. Cognitive accounts of joint action 

While philosophical accounts miss spelling out what it takes for people to eventually carry 

out a joint action once they formed a shared intention to do so, dynamical accounts fall short in 

capturing goal-directed aspects of interpersonal coordination. Cognitive accounts of joint action 

fill this gap by spelling out the mental representations that translate higher-level plans to act 

jointly into discrete actions and outcomes co-actors need to produce in the here and now to 
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reach their goals. The formation of these representations, here referred to as joint task 

representations, are thought to underlay the immediate preparation for an upcoming joint action 

and provide the bedrock for subsequent coordination mechanisms operating during its actual 

performance (Pacherie, 2012; Sebanz & Knoblich, 2021; Vesper et al., 2010).  

Instead of focussing on shared intentions, cognitive accounts view shared goals as the 

central ingredient to explain people’s capacity to act jointly2. Rather than referring to an abstract 

plan of doing something together, shared goals refer to concrete outcomes to be achieved as the 

common effect of the coordinated action contributions of multiple individuals (Butterfill, 2012; 

Pacherie, 2013; Sacheli et al., 2015). Thus, joint task representations are thought to capture the 

joint action outcomes co-actors are trying to achieve together, while specifying the action 

contributions co-actors need to execute in order to reach them. As such, joint task 

representations provide organizing structures that prepare the coordination of goal-directed 

joint actions by specifying the necessary contributions that co-actors need to execute to reach a 

shared goal. Furthermore, they provide control structures for ongoing coordination during the 

execution of a joint action by governing action monitoring and prediction processes (Knoblich 

et al., 2011; Vesper et al., 2010). However, how co-actors construct representations of shared 

goals and how these representations structure peoples action planning and control processes 

remains a subject of ongoing theoretical discussion in joint action research (Butterfill, 2015; 

Keller et al., 2016; Pacherie, 2013; Pesquita et al., 2018; Pezzulo et al., 2025; Sacheli et al., 

2018; Sebanz & Knoblich, 2009; Sinigaglia & Butterfill, 2022; Vesper et al., 2010). In the 

following section, I will lay out three theoretical proposals of the content and structure of joint 

task representations informed by these discussions, spell out how these different structures 

support interpersonal coordination in joint actions, and provide an overview of previous 

research findings in their support.   

 
2 Throughout the dissertation I use the terms shared goals, joint goals and joint action 

goals interchangeably.  
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1.2. Proposed structures of joint task representations 

1.2.1. Minimal structure: JOINT = ME + X 

A first sketch of a possible structure of joint task representations was provided by Vesper 

et al. (2010). With the aim to formulate a minimal representational architecture for joint action, 

Vesper and colleagues (2010) proposed that rudimentary forms of joint action could be 

supported by task representations that merely represent the desired outcome of the joint action 

and an individual’s own contribution needed to achieve it, with the only additional requirement 

being that the individual knows that the outcome cannot be achieved by acting alone. I.e., joint 

task representations may simply encode the joint outcome to be achieved, an individual’s own 

contribution to it and some placeholder representing an unspecified additional contribution by 

some external agent or force. This minimal structure can be expressed by the formula JOINT = 

ME + X. Figure 1-1 depicts a graphical illustration of the minimal structure of joint task 

representations.  

Such a minimal structure of joint task representations could support rudimentary forms 

of goal-directed coordination between co-actors by providing a common perceptual reference 

point to which each individual co-actor plans and monitors their individual task contributions. 

E.g. to clean up the department kitchen table after lunch with colleagues, each person involved 

Figure 1-1. Graphical illustration of the minimal structure of joint task representation. Adapted 

from Vesper et al. (2010). C
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could simply take care of their own dishes, monitoring only if the shared goal of an empty table 

is reached, without having a detailed representation of others’ contributions to the joint 

outcome. Furthermore, as argued by Vesper et al. (2010) this minimal structure of joint task 

representations may also underlay proto forms of joint actions non-human primates are able to 

take part in (e.g., Melis et al., 2006).   

Direct empirical tests of the minimal structure have been scarce. However, a range of 

studies provide evidence for one of its main underlying assumptions, namely that co-actors 

represent their own contributions to a joint action in relation to outcomes that depend on 

additional contributions external to oneself. E.g., Loehr and Vesper (2016) showed that if 

people learned to play simple piano melodies as part of a musical duet performed together with 

an accompanist, they show a drop in performance when asked to reproduce the learned melody 

alone without the accompanying auditory feedback of their counterpart. This finding indicates 

that task performance in joint action contexts is predominantly guided by representations of 

joint rather than individual action outcomes. This is also supported by findings of Loehr et al. 

(2013). Investigating how pianists monitor the unfolding of musical duets played together with 

another person, Loehr et al. (2013) showed that duetting pianists are especially sensitive to 

performance errors that alter jointly rather than individually determined outcomes of their 

musical duet, such as the harmony of jointly produced chords.  

1.2.2. Parallel structure: JOINT = ME + YOU 

The minimal structure offers a parsimonious way of representing a joint task that may 

suffice to guide joint task performance under favourable conditions. However, in many cases, 

performing a joint task seems to require more than just caring about one’s own part in it. Most 

often, joint task performance will benefit if co-actors have some grasp of the actions performed 

by their task partners as well. As such it seems highly likely that joint task representations take 
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on more elaborated structures that take the actions of other co-actors into account as well. 

Indeed, there is ample empirical support for this assumption. 

The foundation for the idea that others’ actions can figure into people’s own action 

planning and control processes was laid out by common coding accounts of perception and 

action (Hommel et al., 2001; Jeannerod, 1999; Prinz, 1990, 1997). Extending the idea that 

actions are represented in terms of their sensory consequences (c.f., ideomotor theory; 

Greenwald, 1970; James, 1890), these accounts proposed that own and others’ actions are 

represented in a common representational format that underlies the perception, execution and 

imagination of actions alike. This implied that perceiving or anticipating the action of another 

person activates the same representations people would use to execute similar actions 

themselves, a view that has gained direct support from neuroscientific findings on action 

mirroring (see Rizzolatti & Sinigaglia, 2016 for a comprehensive review). By implying that 

own and others’ actions get represented in a commensurable format, the common coding 

principle provides a representational domain that allows people to represent others’ actions in 

terms of their own action capacities. This is thought to provide a representational platform that 

enables the integration of others’ actions into people’s own action planning and control 

processes (Sebanz & Knoblich, 2009).  

Initial evidence that people integrate others’ actions into their own action planning and 

control processes has been provided by research on task sharing (c.f., Dolk & Prinz, 2016; 

Wenke et al., 2011 for reviews and critical discussion). These studies investigate how 

performing independent parts of a task next to another co-actor modulates individual task 

performance compared to when performing one’s own part of the task alone. In short, these 

studies have shown that people are affected by response features (Sebanz et al., 2003; Tsai et 

al., 2006), stimulus-response rules (Atmaca et al., 2008, 2011; Sebanz et al., 2005), loci of 

attention (Böckler et al., 2012; Welsh et al., 2005) and action-outcome mappings (Pfister et al., 

2014) of their co-actors, despite them being irrelevant to and even interfering with people’s 
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own part of the task. These findings have been interpreted as a profound tendency of people to 

form task representations that co-represent others’ part of a task next to one’s own, even if 

coordination between co-actors towards a shared goal is not actually required.  

Crucially, subsequent research has shown that this basic tendency to co-represent others’ 

tasks and actions plays a functional role in joint task contexts that involve interpersonal 

coordination towards shared goals. In a series of studies, Kourtis et al. (2013, 2014) showed 

that preparation for an upcoming joint action, requiring two co-actors to coordinate reaching 

movements in space and time, recruits neural resources that extend those underlying the 

preparation of people’s individual reaching movement performed alone. Instead, neural 

signatures of joint action preparation were found to resemble those underlying the preparation 

of both reaching movements performed bimanually, suggesting that people planned both their 

own and their co-actors task contribution as if performing both parts themselves. Relatedly, 

Vesper et al. (2013, 2014) showed that co-actors adjust performance parameters of their own 

contribution to a joint action outcome based on prior information about the upcoming action of 

their co-actors, suggesting that co-actors are able to integrate information about the upcoming 

task contributions of their partners to plan and adjust their own actions (see Schmitz et al., 2017; 

Meyer et al., 2013 for related findings).  

The evidence for common coding and co-representation of one’s own and others’ task 

contributions suggests that, in many cases, joint task representations encode not just an 

individual’s own contributions to a joint action outcome but also those of their co-actors. But 

how could joint task representation that encode both own and others’ task contributions be 

structured? One possibility is that joint task representations encode own and others’ task 

contributions as distinct subplans, such that each individual represents their own contribution 

to the joint outcome in parallel to the individual contributions taken care of their co-actors (c.f., 

Bratman, 1992; Butterfill, 2015; Pacherie, 2012). That is, joint task representations may encode 

the joint outcome to be achieved, an individual’s own contribution to it and the individual 
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contributions expected from the other co-actors involved in the joint action. This parallel 

structure of joint task representations can be captured by the formula JOINT = ME + YOU. 

Figure 1-2 depicts a graphical illustration of the parallel structure of joint task representations. 

How would this parallel structure support interpersonal coordination in joint action? 

Encoding others’ expected task contributions in addition to one’s own, the parallel structure 

enables co-actors to predict and monitor how own and others’ individual task contributions 

unfold in space and time (Sebanz & Knoblich, 2009). This is thought to be achieved by the 

common coding of one’s own and others’ actions, which enables people to apply internal 

models in their own motor system to simulate and predict the timing and outcomes of the 

upcoming and ongoing actions of their co-actors (Wilson & Knoblich, 2005; Wolpert et al., 

2003). The parallel structure implies that people generate such predictions separately for their 

own and their co-actors’ task contributions, enabling people to monitor if their own and their 

co-actors’ individual performance matches the respective subplans each co-actor is taking care 

of in bringing about the shared goal. This allows co-actors to monitor if everyone sticks to their 

predetermined role in a joint action and to adjust the timing and completion of their own task 

contributions to those of others if necessary.  

Figure 1-2. Graphical illustration of the parallel structure of joint task representation.  
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1.2.3. Relational structure: JOINT = RELATIONS(ME + YOU) 

While offering a possible way to integrate others’ task contributions with own action 

planning and control processes, the parallel structure of joint task representations still seems to 

be out of reach to capture crucial characteristics of some types of joint actions. While enabling 

people to predict and monitor individual task contributions of self and others, the parallel 

structure seems to fall short in capturing the interdependency between own and others’ 

individual task contributions that are characteristic for many forms of joint actions. E.g., 

balancing a tray of champagne glasses with another person requires my actions to be directly 

contingent on your actions and vice versa to meet relational constraints between our actions 

that keep the tray at level. As this example highlights, the achievement of a shared goal is often 

dependent on specific relations between individual task contributions of self and others that 

capture the task performance of the group. A set of empirical findings indicates that joint task 

representations may capture these relational aspects of joint task performance as well.  

Initial evidence that co-actors form more than separate representations of own and others’ 

task contributions has been provided by research on group imitation (see Cracco, 2025; McEllin 

et al., 2018 for review). These studies showed that executing a joint action with another co-

actor is facilitated by observing one’s own and one’s co-actor’s parts being modelled by another 

dyad compared to observing only one’s own part being modelled by a single actor (Tsai et al., 

2011) or by observing both parts of the joint action being modelled by single individual acting 

bimanually (Ramenzoni et al., 2014). These findings indicate that joint task performance 

benefits from the opportunity to observe relations between own and others individual task 

contribution and suggest that joint actions get represented in relation to group-level rather than 

individual-level performance.  

Further evidence that co-actors represent relations between their individual contributions 

to a joint task comes from a set of studies showing that interfering effects of observing another 
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person executing an action that is incongruent to an action concurrently planned or performed 

by oneself (visuomotor interference effect, c.f., Brass et al., 2000; Kilner et al., 2003) are 

diminished (Clarke et al., 2019; Formica & Brass, 2024; Rocca et al., 2023), absent (Sacheli et 

al., 2018, 2019) or even reversed (van Schie et al., 2008) in joint action contexts that require 

co-actors to perform complementary actions to achieve a shared goal. These findings could be 

explained by assuming that joint task representations encode how own and others individual 

task contributions must relate to each other to produce the joint action outcomes that correspond 

to co-actors’ shared goal.  

Direct evidence for this claim has recently been provided in a study by Kourtis et al., 

(2019). In this study, two co-actors were asked to synchronize arm reaching movements that 

resulted in different postural configurations of their palms facing either in the same or in 

different directions. Co-actors were found to initiate their actions faster and more synchronized 

when they received prior information about the relation between their individual actions, i.e., 

whether they were about to perform the same or different arm reaching movements. Notably, 

this was even the case, if they did not know which individual action to prepare themselves. This 

finding indicates that co-actors formed task representations that encoded not only each other’s 

individual task contributions but also how they relate to each other at the level of the group.  

The findings reviewed above suggest another way in which own and others task 

contributions could be embedded within structured representations of co-actors’ joint tasks. 

Instead of representing own and others’ task contributions as parallel subplans that must be 

completed individually to achieve a shared goal, joint task representations could encode 

primarily how joint action outcomes are achieved by the aggregate action of the group, that is 

by agent-neutral features of co-actors’ joint task performance that capture group-level relations 

between individual action contributions of self and others (c.f., Pezzulo et al., 2025). I.e., joint 

task representations could encode the joint outcome to be achieved and the relations between 

individual task contributions that must be met to reach them. This relational structure can be 
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captured by the formula JOINT = RELATIONS(ME + YOU). Figure 1-3 depicts a graphical 

illustration of the parallel structure of joint task representations. 

How could this relational structure support interpersonal coordination in joint action 

beyond the parallel structure? The relational structure would offer a parsimonious way to 

predict and monitor the joint outcomes of co-actors’ coordinated task contributions. Instead of 

running separate predictive models for own and others’ individual task contributions in parallel 

and integrating their respective outcomes to evaluate whether the joint action goes as planned 

(c.f., Keller et al., 2016; Pesquita et al., 2018), the relational structure would allow co-actors to 

predict the outcomes of co-actors combined actions by means of a single model of their joint 

task performance (Knoblich & Jordan, 2003; Pezzulo et al., 2017). 

Furthermore, the relational structure would enable own action selection and control 

processes to be directly contingent on expected or perceived task contributions of other co-

actors. This could enable co-actors to flexibly adjust their own actions to those of their co-actors 

by constraining action alternatives to complementary responses (Candidi et al., 2015; Sacheli 

et al., 2018; Sartori & Betti, 2015), by disambiguating expected task contributions of self and 

others (Kourtis et al., 2019), and by allowing co-actors to correct others’ mistakes through 

compensatory responses (Musco et al., 2025; Sacheli et al., 2021, 2022). 

Figure 1-3. Graphical illustration of the relational structure of joint task representations.  
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Finally, the relational structure could enable dynamical role allocations during joint 

action. Representing a joint task from a group-level perspective, the relational structure is 

thought to encode agent-neutral invariants of the required task contributions that realize the 

shared goal. As such, the relational structure offers a representational level at which agent-

specific task contributions of self and others are not yet specified but can be dynamically 

deduced and redistributed given situational constraints and current task demands (c.f., Gordon 

et al., 2023). 

1.3.  Research aims 

Much of the previous work on the representational foundations of joint action has been 

focussed on the conditions and consequences of co-representing others’ shares of a joint task 

next to one’s own. Consequently, the notion of co-representation still receives centre stage in 

cognitive accounts of joint action  (c.f., Miss et al., 2022; van der Wel et al., 2021). The work 

reviewed in the previous section indicates, however, that cognitive accounts of joint action 

limited on co-representation fall short in capturing a set of important findings in joint action 

research. The relational structure of joint task representation described in the previous section 

could thus offer a vital extension for cognitive accounts of joint action that captures the intuition 

and empirical indications that there is something more to joint action than a YOU and a ME, 

namely an irreducible collective mode of acting as a WE (Gallotti & Frith, 2013).  

However, direct evidence for the relational structure of joint task representations is still 

sparse and empirical findings that are in line with the proposal that co-actors form task 

representations that encode group-level relations between individual task contributions of self 

and others remain limited to a small number of studies reviewed above (see also della Gatta et 

al., 2017). Against this background, the aim of the present dissertation was to expand research 

on the content and structure of joint task representations by putting the relational structure of 

joint task representations to empirical test. To that end, we conducted four empirical research 
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projects that were all designed to assess whether joint task representations encode relations 

between individual action contributions of self and others. In the following, I will provide an 

overview of the individual research projects comprising this dissertation and describe how each 

of them addresses this overarching research question.   

1.3.1. STUDY I: Do relations between co-actors’ individual task 

contributions shape imitation between groups? 

The first study, presented in Chapter 2, approached the content and structure of joint task 

representations by investigating anticipated imitation effects in social interactions between 

groups.  

The starting point for this study is the idea that people use anticipated actions evoked in 

other people to initiate and control their own contributions to a social interaction (Kunde et al., 

2018). An empirical demonstration of this principle is the finding that being predictively 

imitated by another person facilitates the execution of to-be-imitated responses, a phenomenon 

known as anticipated imitation (Pfister et al., 2013). Anticipated imitation effects demonstrate 

that overlap or conflict between features of a planned response and features of an anticipated 

response evoked in another person shapes task performance in social contexts, providing 

insights into the content and structure of the representations guiding action selection and control 

in social interactions.  

Study I extended these ideas to social interactions between groups to probe the content 

and structure of joint task representations. The basic idea behind the study is the following: If 

co-actors represent group-level relations between their individual contributions to a joint task, 

anticipating another group of co-actors imitating these relations should facilitate task 

performance, while anticipating another group of co-actors executing different relations 

between their individual task contributions should hinder task performance.  
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Study I tested this prediction in an online experiment in which participants performed a 

stimulus-response task either with or without another co-actor while their task responses were 

predictively imitated by either one or both member(s) of another dyad. By manipulating 

congruency between the number of responses performed by participants’ own group and the 

number of imitative responses performed by another group, Study I tested whether relations 

between co-actors’ individual task contributions shape anticipated imitation effects in social 

interactions between groups.  

1.3.2. STUDY II: Is action-outcome learning sensitive to relations between 

co-actors’ individual task contributions? 

The second study, presented in Chapter 3, approached the content and structure of joint 

task representations by investigating action-outcome learning in synchronous joint actions. 

Starting from the basic assumption that goal-directed action requires people to learn and 

represent relationships between their actions and the outcomes they produce, Study II set out to 

investigate how co-acting individuals learn and represent relationships between their joint 

actions and the joint action outcomes they produce together. Drawing from research on 

ideomotor learning (c.f., Moeller & Pfister, 2022 for a comprehensive overview), Study II tested 

how the repeated experience of contingencies between synchronous motor responses of two co-

actors and ensuing sensory outcomes leads co-actors to link jointly produced action outcomes 

to features of their preceding responses. The basic idea behind the study is the following: If co-

actors represent group-level relations between their own and their partner’s task contributions, 

they may link the production of jointly produced action outcomes to group-level features of 

their joint task contributions rather than to individual-level features of their own task 

contributions viewed in isolation. 

To test this prediction, Study II deployed a two-stage action-outcome learning task (c.f., 

Elsner & Hommel, 2001) adapted to a synchronous joint action context. In a learning phase, 
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two co-actors had to synchronize individual button press responses to produce a series of 

distinct two-tone chords that were mapped to individual-level features of each co-actor’s own 

response contribution, as well as to group-level features of co-actors’ joint response 

configurations. In a subsequent test phase, the same two-tone chords were presented as 

imperative stimuli that required both co-actors to respond to the previously produced tone 

outcomes with a stimulus-response mapping that either preserved or reversed the individual 

and/or the joint action-outcome mappings of the preceding learning phase. By manipulating 

compatibility between learning and test phase mappings at the group-level, Study I tested 

whether action-outcome learning in synchronous joint action is sensitive to group-level 

relations between co-actors’ individual response contributions.  

1.3.3. STUDY III and IV: Do representations of relations between co-actors’ 

individual action outcomes modulate imitative response tendencies? 

The third and fourth study, presented in Chapter 4.1. and 4.2., approached the content and 

structure of joint task representations by investigating if acting towards a shared goal that 

specifies relations between the outcomes of own and others’ individual task contributions 

allows co-actors to overcome tendencies to imitate each other.  

Study III and IV originate from a central empirical paradox in research on joint action. 

On the one hand, an extensive body of research shows that people possess a profound tendency 

to imitate the actions they observe in others (Heyes, 2011). On the other hand, jointly acting 

towards a shared goal requires co-actors frequently to coordinate actions that are incongruent 

but complementary to each other so that tendencies to imitate each other’s actions often become 

detrimental for joint task performance (Sartori & Betti, 2015). Interestingly, a growing number 

of studies has shown that joint action partners can resolve this tension: If co-actors coordinate 

their actions towards a shared goal, their tendency to imitate each other’s actions is reduced 

(Clarke et al., 2019; Rocca et al., 2023) or dissolves completely (Sacheli et al., 2018, 2019). 
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However, why and how acting towards a shared goal reduces imitative response tendencies still 

remains elusive.   

Against this background Study III and Study IV tested the hypothesis that shared goals 

reduce imitative response tendencies by specifying relations between action outcomes of own 

and others’ individual task contributions. The basic idea behind this hypothesis is the following: 

If joint task representations encode relations between own and others’ individual contributions 

to a joint action outcome, observing the task contribution of a co-actor should prime the 

selection of complementary task contributions that satisfy the relational constraint between 

them imposed by the shared goal.  

To test this prediction, Study III and Study IV deployed a sequential card-selection task 

(c.f., Ondobaka et al., 2012) in which participants took turns with a virtual co-actor selecting 

one of two action targets to achieve either individual or joint action goals. By manipulating 

congruency between low-level movement goals (selecting the left or the right of their targets) 

and between higher-level action goals (selecting the target with the higher or lower value) of 

both co-actors, the studies assessed participants’ imitative response tendencies at different 

hierarchical levels of action representation. By instructing participants to either work towards 

individual or joint action goals in this task, both studies tested whether the introduction of a 

joint action goal that specified relations between the outcomes of co-actors’ individual task 

contributions is able to reduce imitative response tendencies at different levels of action 

representation.  
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2. STUDY I: 

Anticipated Imitation Between Groups 

2.1. Introduction 

An extensive body of research shows that humans possess a marked tendency to imitate 

the behaviours of others, fulfilling crucial instrumental functions for social affiliation, 

observational learning, action prediction and interpersonal coordination (Heyes, 2011; Lakin et 

al., 2003; Wilson & Knoblich, 2005). Given its functional relevance, research on imitation has 

long served as a window into the cognitive representations and mechanisms that shape and 

support social interaction. 

Prominent mechanistic explanations of our propensity to imitate the actions of others 

derive from ideomotor accounts of human action control (Brass & Heyes, 2005a; Wohlschläger 

et al., 2003). These accounts build on the idea that actions are controlled by representations of 

their anticipated sensory outcomes, thus assuming a shared representational system for action 

and perception (Greenwald, 1970; Hommel, 2013; Hommel et al., 2001; Prinz, 1997; Shin et 

al., 2010). In the context of social interactions, a critical implication of ideomotor accounts is 

that actions performed by other people can directly affect the execution of one’s own actions: 

As the actions performed by other people will most often resemble the sensory outcomes of our 

own actions, observing or anticipating others’ actions is thought to activate corresponding 

action representations in the observer.  

Ample empirical evidence for this assumption is provided by two related phenomena. 

First, a large body of research on automatic imitation demonstrates that action execution is 

facilitated by the concurrent observation of similar (i.e., congruent) and impaired by the 

concurrent observation of dissimilar (i.e., incongruent) actions performed by other agents (see 

Cracco et al., 2018 for a recent meta-analysis). These findings indicate that perceptual 
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representations of actions triggered by action observation activate corresponding motor 

representations in the observer, facilitating or interfering with the execution of congruent or 

incongruent action plans respectively.  

Second, research on anticipated imitation has provided converging evidence that not only 

external observation but also the internal anticipation of other people’s actions can facilitate or 

interfere with the execution of congruent or incongruent action plans respectively (Müller, 

2016; Pfister et al., 2013, 2017; Weller et al., 2019). In particular, these studies demonstrated 

that being predictively imitated by another agent facilitates performance of to-be-imitated 

motor responses compared to motor responses that are predictively followed by counter-

imitative (i.e., incongruent) responses of another agent (see Pfister et al., 2025 for review). 

Resembling findings from response-effect compatibility studies (e.g., Ansorge, 2002; Keller & 

Koch, 2006; Kunde, 2001; Pfister & Kunde, 2013), these findings convincingly show that 

anticipated action outcomes — including predictable responses of other people (c.f., Kunde et 

al., 2018) — play a causal role in controlling one’s actions, facilitating or interfering with motor 

plans that share compatible or incompatible features with its anticipated outcomes respectively.  

2.1.1. From dyadic imitation to imitation of multiple agents 

Most research on imitation is focussed on dyadic social interactions in which individuals 

observe or anticipate the actions of a single agent (see Figure 2-1, Panel A). This focus, 

however, neglects the fact that many of the social interactions people take part in involve 

interactions with larger groups of people. E.g., teachers must monitor the behaviour of multiple 

students in parallel, soccer players must take the actions of multiple teammates and opponents 

into account to plan their next move, and conductors must orchestrate the actions of a whole 

ensemble of different musicians at once. Therefore, recent research efforts have started to 

extend research on dyadic imitation by investigating how observing or anticipating the actions 
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of multiple agents influence individuals’ action planning and control processes (see Cracco, 

2025 for review).  

Investigating how automatic imitation effects scale with the number of observed actions, 

Cracco and colleagues (2015) showed that observing identical actions performed by more than 

one agent produces stronger automatic imitation effects, which were found to increase 

asymptotically with the number observed actions (Cracco & Brass, 2018b), ceiling at group 

sizes involving up to ten agents (Cracco et al., 2022). Moreover, studies investigating effects of 

observing different actions of multiple agents have shown that concurrently observed actions 

can be reliably decoded from brain activity in the observer’s motor system (Cracco et al., 2019), 

elicit concurrent imitative response tendencies (Cracco & Brass, 2018a), and activate 

conflicting action representations in the observer (Cracco et al., 2019, 2021). Taken together, 

these studies indicate that people represent the actions of multiple observed agents 

simultaneously in their motor system and show that basic action planning processes can be 

influenced by the observation of multiple agents at once.  

Figure 2-1. Illustration of different congruency relations between own and others’ actions in 

social interactions between A) two individual agents, B) an individual agent and multiple other 

agents, and C) two opposing groups of jointly acting individuals. Solid arrows represent inter-

individual relations between actions of single agents. The dotted arrow represents inter-group 

relations between actions performed by one group and those performed by the other. 
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In contrast to the growing body of studies investigating automatic imitation of multiple 

agents, less is known about the behavioural effects of being imitated by more than one agent. 

An initial investigation of this topic by Galang et al. (2024) showed no evidence that anticipated 

imitation effects are influenced by the number of imitators, with recent findings by Neszmélyi 

and Pfister (2024) showing similar results.  

2.1.2. From imitation of multiple agents to imitation between groups 

Extending research on dyadic imitation, the research reviewed in the preceding section 

focussed on situations in which individuals observe or anticipate the actions of multiple agents 

(see Figure 2-1, Panel B). However, when multiple people come together, we may encounter a 

group of people not just as individuals, but often as part of a group ourselves. I.e., we often 

observe or anticipate the actions of multiple agents, while interacting with other agents at the 

same time (see Figure 2-1, Panel C). E.g., as a couple in a ballroom dance class, we may try to 

copy the joint moves performed by another dance couple; or as part of a tennis double, we may 

anticipate the next moves of our two opponents, while coordinating the running paths on our 

half of the pitch.  

Thus, an interesting question to ask is how being part of a group may shape effects of 

observing or anticipating another group of agents. As a caveat to this question, one may wonder 

why observing or anticipating the actions of a group of people should have different effects 

when acting as part of a group oneself compared to when acting merely as a single individual. 

One hypothesis could be that effects of action observation or anticipation are solely driven by 

inter-individual relations between the actions performed by oneself and the actions performed 

by all other individuals in the interactive scenario (c.f., Figure 2-1, Panel C, solid arrows). As 

such, the two-groups scenario would not be much different than the scenario in which an 

individual observes or anticipates the actions of multiple other agents, and imitation effects may 

simply scale with the total number of agents in the scene.  
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Crucially though, research findings in the domain of joint action suggest that individuals 

performing a task together with other co-actors (i.e., as part of a group) form action 

representations that integrate their co-actors’ actions into joint task representations that encode 

relations between one’s own and one’s co-actors’ actions emerging at the level of their group-

level performance (sometimes referred to as “we-representations”; c.f., Kourtis et al., 2019; 

Marschner et al., 2024; Sacheli et al., 2018; Sinigaglia & Butterfill, 2022). Importantly, these 

representational peculiarities of joint as compared to individual action, suggest an alternative 

hypothesis about how effects of action observation and anticipation might be modulated in 

social interactions between groups (c.f., McEllin et al., 2018; Milward & Sebanz, 2016). When 

people perform a task together with other co-actors while observing or anticipating the actions 

of another group of jointly acting individuals, not only inter-individual relations between own 

and others’ actions may affect people’s action planning and control processes but also inter-

group relations that emerge between the group-level performance of one group relative to that 

of the other group (see Figure 2-1, Panel C, dashed arrow). 

Testing this possibility, Tsai et al. (2011) conducted an experiment in which participants 

performed a task alongside a confederate co-actor in which they imitated the movements of two 

hand stimuli depicted on a computer monitor in front of them. In different conditions, 

participants performed the task either without (individual response) or together with the 

confederate (joint response), in response to observing either one or both hands moving on 

screen. Interestingly, results showed that response times were fastest when the number of 

movements observed on screen matched the number of imitative responses performed by 

participants and their confederate, respectively. That is, individual responses were faster when 

imitating movements of one vs. two hand(s), while joint responses were faster when imitating 

movements of two vs. one hand(s) (see Essa et al., 2019 and Ramenzoni et al., 2014 for similar 

findings). Interestingly, this effect emerged only if the observed hand stimuli were displayed as 

belonging to another dyad but not when displayed as belonging to a single individual. This 
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finding shows that in interactions between groups, imitation effects are indeed shaped by inter-

group rather than inter-individual action relations, affecting how observed actions are mapped 

to actions performed in response to them. Crucially, this finding seems to indicate that actions 

performed together with others are coded qualitatively different than actions performed alone, 

namely in relation to group-level rather than individual-level performance. 

2.1.3. The present study 

The findings by Tsai et al., (2011) provide initial evidence that acting as part of a group 

changes how we process and respond to the actions we observe in others. But does this justify 

the conclusion that actions performed together with others are planned and represented 

qualitatively different than actions performed alone? One objection could be that the group-

level congruency effects found by Tsai et al. (2011) are caused by action observation, i.e., by 

the external perception of individual or joint actions, priming the subsequent execution of 

individual or joint action plans respectively. As such, they may show that individual and joint 

action plans become exogenously activated by observing individual or joint actions in others. 

Yet, they can provide only limited insights into the endogenous mechanisms that would drive 

the activation of individual or joint action plans in a goal-directed, self-initiated way.  

Crucially, the central hypotheses of ideomotor theories is that goal-directed actions are 

initiated and controlled by anticipations of their perceivable outcomes — that is, by future 

rather than currently perceived events (Kunde, 2001a). Applied to social interactions between 

groups, tapping into the anticipatory nature of human action planning would thus require to 

study effects of anticipating rather than observing the actions of another group of agents. This 

was precisely the aim of the present study.    

To this end, we converted the experimental design by Tsai et al. (2011) to an anticipated 

imitation task. Rather than responding to observed actions of one or two agents either alone or 

together with another co-actor, in our experiment, participants performed a stimulus-response 
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task either alone or together with another agent, while their responses where predictively 

imitated by either one or two agents of an opposing dyad. Figure 2-2 provides an overview of 

our experimental setup and design.  

Under the assumption that anticipated responses of other people get employed to initiate 

and control one’s own contribution to a social interaction (Kunde et al., 2018) our experimental 

setup allows us to test whether actions performed together with others are indeed planned and 

represented differently than actions performed alone. If actions performed together with others 

are planned and represented in relation to group- rather than individual-level performance 

(group-level hypothesis), performing an action together with another agent (joint action) should 

be facilitated by anticipating an imitative response by another dyad of jointly acting agents 

(joint imitation) but be impaired by anticipating an imitative response by a single member of 

another dyad (individual imitation). At the same time, performing an action without another 

agent (individual action) should instead be facilitated by anticipating an imitative response by 

Figure 2-2. Experimental setup and design. A) Participants performed a two-alternative forced 

choice task in a virtual environment depicting four animated avatar hands. Participants task 

was to lift the index or middle finger of their right hand in response to shape stimuli (square or 

circle) appearing on screen. One of the two hands displayed in the lower half of the scene was 

introduced as representing participants’ own hand which always mirrored participants’ finger 

lift responses as they performed them. The hand next to the participant’s hand was introduced 

as belonging to a virtual partner performing the task alongside participants. The two hands 

displayed above participant’s and their partner’s hand were introduced as belonging to two 

virtual agents observing participant’s and their partner’s finger lift responses with the aim to 

imitate them. B) In different blocks, participants performed the task either without (individual 

task condition) or together with their virtual partner (joint Task condition), while either one 

(individual imitation) or both (joint imitation) of the opposing agents imitated participants’ 

finger lift responses.  
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a single member of another dyad (individual imitation) but be impaired by anticipating an 

imitative response by another dyad of jointly acting agents (joint imitation). In contrast, if 

actions performed together with others remain represented in relation to one’s individual-level 

performance alone (individual-level hypothesis), facilitatory effects of anticipating imitative 

responses by other agents should be expected to simply scale with the number of imitative 

responses performed by all other agents. That is, performing an action may benefit from 

performing it together with another co-actor vs. alone and from being imitated by two vs. one 

member of another group. Figure 2-3 illustrates the predictions of the group-level and 

individual-level hypothesis respectively.  

Figure 2-3. Contrasting hypothesis and resulting predictions for the current study. A) 

According to the group-level hypothesis, actions performed together with others are represented 

in relation to group-level performance (illustrated by the two ellipses). Acting together with 

another person (Joint Action) should then be facilitated by anticipated imitation of another dyad 

(Joint Imitation), while acting alone (Individual Action) should be facilitated by anticipated 

imitation of another individual agent (Individual Imitation). Participants’ task performance 

should thus be driven by numerical congruency between the actions performed by their dyad 

and the actions performed by the imitating dyad, i.e., by congruency relations between groups 

rather than between individuals (illustrated by the dashed arrow). B) According to the 

individual-level hypothesis, actions performed together with others remain represented in 

relation to individual-level performance. Task performance should then be expected to scale 

with the number of imitative responses by all other agents in the interactive scene, i.e., by 

additive effects of congruency relations between individuals (illustrated by the solid arrows). 

Note: RT = response time as a measure of task performance (lower values indicate better 

performance). 
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2.2. Methods 

2.2.1. Participants 

In total, N = 250 participants took part in the experiment. The sample size was determined 

based on an a priori power analysis and pragmatic concerns regarding resource constrains. We 

wanted to ensure that our study would be sufficiently powered to detect a within-subjects 

interaction effect of size ηp
2 = .03 in a 2 x 2 repeated measures ANOVA with 80% power at an 

alpha level of .05. The effect size estimate was based on a series of pilot studies. To calculate 

the required sample size to find such an effect, we treated the two-way interaction effect as a 

paired-sample difference of difference scores between factor levels, transforming our effect size 

estimate of ηp
2 = .03 to dz ~ 0.18 in a paired samples t-test (c.f., Langenberg et al., 2023). 

Conducting an a priori power analysis with these input parameters in G*Power (Faul et al., 

2007) we calculated a required sample size of N = 245. Assuming that we would need to remove 

a number of participants from our sample due to our preregistered exclusion criteria (see 

below), we eventually decided to collect data from N = 250 participants. From the final sample 

15 participants were eventually excluded which led to a final sample size of N = 235 participants 

(mean age = 30.0 years, standard deviation = 5.9 years; 42 % female, 58 % male).  

Participants were recruited on the online research platform Prolific (prolific.com). All 

participants were right-handed, had normal or corrected-to-normal vision, resided in the UK 

and were fluent in English. All participants gave their informed consent before participation 

and were compensated with 3 GBP for completing the experiment in approximately 20 minutes. 

Ethical approval for the study was granted by the Psychology Ethics Committee of Humboldt 

University Berlin. 

C
E

U
eT

D
C

ol
le

ct
io

n



28 

 

2.2.2. Apparatus and stimuli 

Participants performed the experiment online in a browser on their own personal 

computer. Experiment files and data were stored on a JATOS server (Just Another Tool For 

Online Studies, Lange et al., 2015) hosted by Humboldt University Berlin. The experimental 

task was built in Unity and was controlled by a custom made C# script. The task was set in a 

virtual 3D environment depicting four animated avatar hands resting on the surface of a white 

table (see Figure 2-2, Panel A). One of the two avatar hands in the lower part of the scene was 

introduced as representing participant’s own hand that would mirror their responses in the 

experimental task. The other hand in the lower part of the scene was introduced as belonging 

to a virtual partner that would perform the experimental task together with the participant. The 

two avatar hands at the top of the scene were introduced as belonging to two virtual agents that 

would observe the participant’s and their partner’s finger lift responses in order to imitate them. 

Participants responded by operating the “N” and the ”M” key on their keyboard with the index 

and the middle finger of their right hand respectively. Imperative stimuli instructing 

participants’ responses were a circle and a square displayed in grey. Shape stimuli, trial-level 

instruction and feedback prompts were presented on the depiction of a small tablet monitor 

displayed in the center of the scene. All avatar models in the scene were purchased from the 

Unity Asset Store. Movement animations of the avatar hands were self-created with UMotion 

Pro, a Unity package for animating rigged avatar models. The duration of the movement 

animations (from resting state to the respective finger being up) was set to five frames, 

corresponding to ~ 165 ms assuming a display rate of 30 frames per seconds.   

2.2.3. Procedure and design 

Participants were instructed to respond to the presentation of two shape stimuli by lifting 

the index or middle finger of their right hand from their response keys respectively. The 

experiment started with a familiarization phase in which participants first trained the task alone 
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with only their avatar hand being displayed in the scene, followed by a series of training trials 

performed together with the virtual co-actor in which only participants’ avatar hand and that of 

their virtual co-actor were displayed3. After performing eight successful training trials in each 

of these trial series, participants proceeded to the main part of the experiment. Here participants 

were informed that in different blocks, they would perform the task either with (Joint Action) 

or without their virtual partner (Individual Action) and that either one (Individual Imitation) or 

both (Joint Imitation) of the opposing avatars would imitate their finger lift responses.  

The trial timeline for the main part of the experiment is illustrated in Figure 2-4. Each 

trial started with a “Hold” prompt displayed on screen, instructing participants to hold down 

both of their response keys. As soon as participants complied, the “Hold” prompt disappeared 

after 500 ms, followed by a fixation cross presented for a duration of 1000 ms. If participants 

released one of their keys during this period, an error message (“Too early”) was displayed for 

1500 ms and the trial started all over. Otherwise, the fixation cross was followed by the 

presentation of one of the shape stimuli, displayed until participant’s response or until the end 

 
3 The trial timeline in the familiarization phase corresponds to that described for the main 

part of the experiment, just without an imitative response of the opposing avatars, which were 

not yet visible in this phase of the experiment.  

Figure 2-4. Trial timeline for the main part of the experiment. The example shows a trial in 

which participants responded to the shape stimuli together with their virtual co-actor (joint 

action) and where imitated by both members of the opposing dyad (joint imitation). 
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of a maximum response window of 1500 ms. As soon as participants lifted one of their fingers 

from their response keys within this window, a corresponding finger lift animation of their 

avatar hand was triggered. In Individual Action blocks, the avatar hand of the virtual partner 

remained in resting position (all fingers down) throughout the whole block. In Joint Action 

blocks, participants’ responses also triggered a finger lift animation of their partner’s avatar 

hand, which was played after a jittered delay ranging between 0 and 20 ms. If triggered, the 

partner’s avatar hand always lifted the correct finger.  

If participants responded correctly, either one (in Individual Imitation blocks) or both (in 

Joint Imitation blocks) of the opposing avatars lifted the same finger as participants. The 

respective animations were triggered after an interval ranging between 200 and 220 ms. The 

final outcome, i.e., two to four hands lifting the same finger, was displayed for at least 1000 ms 

after which another “Hold” prompt instructed participants to press and hold down both of their 

keys again. As soon as participants complied, their avatar hand lowered the respective finger 

again. Depending on the current block, the partner’s avatar hand followed to lower their finger 

directly after and, after another delay ranging between 200 and 220 ms, either one or both of 

the two opposing avatars did so as well. The next trial started after an inter trial interval of 500 

ms in which all four hands were displayed in their starting position again. 

If participants lifted the wrong finger, an error message was displayed and a signaling 

lamp in the scene turned red for 1500 ms. Participants were informed that the red lamp would 

signal the opposing avatars to withhold their imitative response. The error message was 

followed by a “Hold” prompt, instructing participants to return to the starting position as 

described above. If participants failed to respond within the response window, their own and 

their partner’s avatar hand, as well as those of the two opposing avatars remained in their resting 

position and a feedback message (“too slow!”) was displayed for 1500 ms followed by the 

“Hold” prompt as described before.  
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To ensure that participants paid attention to the imitative responses of the opposing 

avatars, we implemented occasional catch trials, in which the imitating avatar(s) lifted their 

finger twice. If participants noticed this behavior, they had to release their remaining finger 

from their keyboard within a response window of 1500 ms. If participants failed to respond as 

described, a feedback message was displayed for 5000 ms, reminding participants what to do 

when noticing a double finger lift of the opposing avatar(s). The feedback message was then 

followed by the “Hold” prompt and related procedure as described above.  

The study thus had a 2 x 2 fully within-subjects factorial design with Task Condition 

(Individual Action vs. Joint Action) and Imitative Response (Individual Imitation vs. Joint 

Imitation) as within-subjects factors. Participants performed 40 trials in each of the four blocks 

corresponding to the four experimental conditions resulting from our factorial design. Each 

block started with an instruction text, announcing whether participants were going to perform 

the block with or without their virtual partner and whether one or both of the opposing avatars 

were going to imitate their responses. Each block started with a series of training trials to 

familiarize participants with the structure of the block. The actual block started after two 

successful training trials. In blocks where only one of the opposing avatars would perform an 

imitative response, the side of the imitating avatar (i.e., the left or the right one) changed after 

the first half of the block (which was announced and preceded by a new series of training 

trials)4. Stimuli presentation (square vs. circle) was pseudo-randomized to account for balanced 

numbers of both stimuli in each half of each block. Four of the 40 test trials in each block were 

catch trials, two randomly allocated to the first and two randomly allocated to the second half 

of each block (the required response on catch trials was counterbalanced in both halves of each 

block). Stimulus-response mappings were counterbalanced between participants. Furthermore, 

we counterbalanced the position of participants’ avatar hand within the scene, which was 

 
4 This was done to control for possible spatial compatibility effects while ensuring 

predictability of the imitative responses.  
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displayed either on the lower left or the lower right half of the scene. We also counterbalanced 

the position of the avatar imitating participants responses in the first and second half of the 

Individual Imitation blocks. Finally, block order was counterbalanced between participants 

using a balanced Latin square design with four possible block orders5.  

2.2.4. Analysis plan 

Training trials were not included in our analysis. From the 40 test trials in each block we 

excluded trials with response omissions and trials in which participants responded by releasing 

both of their keys at once (1.1 % of all trials). From the remaining trials, we excluded trials with 

a response time (RT) that was more than 3 standard deviations away from participants’ 

individual mean RT aggregated across all trials in the experiment (1.4 % of remaining trials). 

On the participant level, we excluded participants who failed to respond to any of the catch 

trials in at least one of the four blocks (affecting 15 participants) and those with an overall 

response error rate (ER) above 20% (affecting no further participant). For the remaining sample, 

participants’ RT and ER were aggregated and analyzed by means of separate 2 x 2 repeated-

measures ANOVAs with Task Condition (Joint Action vs. Individual Action) and Imitative 

Response (Individual Imitation vs. Joint Imitation) as within-subjects factors. Data was 

preprocessed and analyzed in R. ANOVAs were run with the afex package using type three 

sums of squares. Significant interactions were followed up by simple main effect analysis using 

the emmeans package. For all inference statistical analysis alpha level was set to .05.  

 
5 The four possible block orders were A) [Individual Action | Individual Imitation], 

[Individual Action | Joint Imitation], [Joint Action | Joint Imitation], [Joint Action | Individual 

Imitation], B) [Individual Action | Joint Imitation], [Joint Action | Individual Imitation], 

[Individual Action | Individual Imitation], [Joint Action | Joint Imitation], C) [Joint Action | 

Individual Imitation], [Joint Action | Joint Imitation], [Individual Action | Joint Imitation], 

[Individual Action | Individual Imitation], D) [Joint Action | Joint Imitation], [Individual Action 

| Individual Imitation], [Joint Action | Individual Imitation], [Individual Action | Joint 

Imitation]. 
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2.2.5. Transparency and openness 

Data collection happened in March 2025. Raw data and analysis scripts are accessible in 

an Open Science Framework project repository accessible under 

https://osf.io/jpxqr/?view_only=e4594c0947174580a65418b05ccf72df. Directed hypotheses, 

study design, sampling and analysis plan were preregistered in the Open Science Framework. 

The preregistration can be accessed online under 

https://osf.io/sf8ru/?view_only=bdd178c8ce3841299064a1927c8f5c0b. Any deviations from 

the preregistration are mentioned explicitly and marked as explorative analysis.     

2.3. Results 

2.3.1. Pre-registered analysis  

The results of the preregistered analysis are displayed in Figure 2-5. 

The RT analysis revealed no statistically significant effects. The main effects of Task 

Condition and Imitative Response were non-significant (both F < 1). Crucially, the predicted 

interaction between Task Condition and Imitative Response also did not reach significance, 

F(1, 234) = 1.43, p = .23, η² = .006. At least descriptively though, participants responded 

Figure 2-5. A) Mean response time and B) mean error rate across participants as a function of 

Task Condition (Individual Action vs. Joint Action) and Imitative Response (Individual 

Imitation vs. Joint Imitation). Error bars represent standard error of the mean corrected for 

within-subjects designs.  
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slightly faster in Joint Action trials when imitated by both members of the opposing dyad (Joint 

Action | Joint Imitation: M = 612 ms, 95% CI [596, 628]) compared to when imitated by one 

member (Joint Action| Individual Imitation: M = 616 ms, 95% CI [599, 632]), while the reverse 

trend was observed in Individual Action trials (Individual Action | Joint Imitation: M = 614 ms, 

95% CI [597, 631] vs. Individual Action | Individual Imitation: M = 612 ms, 95% CI [596, 

629]).  

The ER analysis showed no significant main effects of Task Condition or Imitative 

Response (both F < 1). Crucially though, the interaction between both factors reached 

significance, F(1,234) = 4.68, p = .032,  ηp
2 = .020. Examining Panel B in Figure 2-5, the 

interaction was driven by fewer response errors in Joint Action trials when participants were 

imitated by both members of the opposing dyad (M = 2.38 %, 95 % CI [1.97, 2.78]) compared 

to when being imitated by a single member (M = 2.74 %, 95 % CI [2.33, 3.15]), with the 

opposite pattern observed for Individual Action trials (Individual Action | Joint Imitation: M = 

2.65 %, 95 % CI [2.20, 3.10] vs. Individual Action | Individual Imitation: M = 2.28%, 95 % CI 

[1.87, 2.69]). Yet, follow-up tests of simple main effects did not reach significance: Main effect 

of Imitative Response on Joint Action trials, t(234) = -1.56, pcorrected = .24; main effect of 

Imitative Response on Individual Action trials, t(234) = 1.70, pcorrected = .18.  

2.3.2. Explorative analysis 

Our preregistered analysis showed a performance pattern that partially aligns with the 

predictions of the group-level hypothesis. While a group-level congruency effect was evident 

for participants’ error rates, descriptive differences in response times — although in line with 

the group-level hypothesis — did not reach statistical significance. Based on these initial 

findings, we decided to run a follow-up analysis, exploring possible moderators of performance 

differences between our experimental conditions. To this end, we first combined participants 

RTs and ERs into inverse efficiency scores (IES = RT / [1 - ER]; Townsend & Ashby, 1978) to 
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get a combined measure of participants’ task performance6. We then performed a median split 

of our sample based on participants’ overall mean response time in the task. This allowed us to 

assess whether participants overall response speed could have moderated the group-level 

congruency effect indicated by our preregistered analysis. Analysing overall response speed as 

a possible moderator was motivated by the idea that participants who performed the task 

relatively fast may have selected their responses primarily in a stimulus-based rather than an 

effect-based action control mode (c.f., Waszak et al., 2005), i.e., by selecting their responses 

merely in compliance with the instructed stimulus-response mapping but without necessarily 

anticipating their distal effects in the environment (e.g., imitative responses performed by the 

avatar hands). As previous research findings have shown that compatibility effects between 

actions and their resulting consequences require an effect-based action control mode (Pfister et 

al., 2010; Zwosta et al., 2013a), possible interactions between Task Condition and Imitative 

Response could thus have been overshadowed by participants who performed the task in a 

stimulus-based action control mode instead.  

To test this post-hoc hypothesis, we thus analysed participants’ IES by means of a 2 (Task 

Condition: Individual Action vs. Joint Action) x 2 (Imitative Response: Individual Imitation vs. 

Joint Imitation) x 2 (RT Group: Fast Responder vs. Slow Responder) mixed ANOVA with Task 

 
6 Analyzing IES as a single measure of task performance is justified in the current study 

as error rates were relatively low while the converging patterns for error rates and response 

times provide no indications for a speed-accuracy trade off (Bruyer & Brysbeart, 2011).  
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Condition and Imitative Response as a within- and RT Group as a between-subjects factor. The 

results are depicted in Figure 2-6.  

Not surprisingly, the analysis showed a main effect of RT Group, F(1,233) = 323.5, p < 

.001, ηp
2 = .581. The two-way interaction between Task Condition and Imitative Response 

approached but did not reach statistical significance, F(1,233) = 3.81, p = .052, ηp
2 = .016. 

Crucially though, the analysis showed that this interaction was moderated by participants’ 

overall response speed, as indicated by a significant three-way interaction between Task 

Condition, Imitative Response and RT Group, F(1,233) = 6.61, p = .011, ηp
2 = .028. No other 

effects were significant (see Appendix A for the detailed result table). To follow-up on the 

three-way interaction, we analysed IES in each RT Group separately by means of two separate 

2 (Task Condition) x 2 (Imitative Response) repeated-measures ANOVAs. Main effects of Task 

Condition and Imitative Response were non-significant in both analysis (see Appendix A for 

the detailed result tables). Yet, contrasting both analysis showed that the two-way interaction 

between Task Condition and Imitative response was significant in the slow responder group, 

F(1,116) = 7.21, pcorrected = .016, ηp
2 = .059, while it was non-significant in the fast responder 

group (F < 1). Following up on the interaction between Task Condition and Imitative Response 

in the slow responder group showed that the interaction was driven by lower IES (i.e., better 

Figure 2-6. Inverse efficiency scores as a function of Task Condition and Imitative Response 

plotted separately for A) fast responder and B) slow responder. Error bars represent standard 

error of the mean corrected for within-subjects designs. 
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performance) in Joint Action trials when participants were imitated by both vs. one member(s) 

of the opposing dyad (Joint Action | Joint Imitation: M = 723 ms, 95 % CI [704, 743] vs. Joint 

Action | Individual Imitation: M = 738 ms, 95 % CI [718, 759]; t(116) = 2.77, pcorrected = .013), 

while the opposite trend emerged on Individual Action trials (Individual Action | Joint 

Imitation: M = 737 ms, 95 % CI [715, 759] vs. Individual Action | Individual Imitation: M = 

729 ms, 95 % CI [707, 750]; t(116) = -1.39, pcorrected = .33).  

2.4. Discussion 

The present study assessed how being imitated by one (individual imitation) or two 

member(s) of an opposing dyad (joint imitation) affects to-be-imitated responses that are 

performed without (individual action) or together with another co-actor (joint action). Under 

the assumption that anticipated actions of other agents get employed to initiate and control one’s 

own contributions to a social interaction (c.f., Kunde et al., 2018), the current study allowed us 

to test two opposing hypotheses about the structure and content of action representations 

guiding action performance in joint task settings. If actions performed together with others (i.e., 

joint action) are guided by task representations encoding group- rather than individual level 

performance (group-level hypothesis), task performance in the current study should be affected 

by congruency relations between the interacting groups:  Joint action should be facilitated by 

anticipating joint vs. individual imitation, while individual action should be facilitated by 

anticipating individual vs. joint imitation. In contrast, if actions performed together with others 

are guided by task representations that remain centred on individual-level performance 

(individual-level hypothesis), task performance in the current study should be affected by 

congruency relations between individual agents: Task performance should increase the more 

agents mimic participants’ individual responses. 

Providing partial support for the group-level hypothesis, our findings showed that 

imitative responses of two vs. one member(s) of another dyad affected the accuracy of to-be-

C
E

U
eT

D
C

ol
le

ct
io

n



38 

 

imitated responses in opposite ways, depending on them being performed with or without 

another co-actor. In other words, we found evidence that participants’ response accuracy was 

driven by congruency relations between groups rather than individuals: Not the total number of 

anticipated responses by all individual agents in the scene, but congruency between the number 

of actions performed by participants’ own group (i.e., “us”) and the number of anticipated 

responses performed by the opposing group (i.e., “them”) affected how accurate participants’ 

performed the task. However, limiting the conclusiveness of our preregistered analysis, 

evidence for a group-level congruency effect was restricted to analysis of participants response 

accuracy, while analysis of participants response times — although showing a trend in the same 

direction — revealed no statistically significant effects.  

Interestingly though, results of our explorative analysis suggest that significant 

performance differences between our experimental conditions were partially obscured by a 

subset of participants who responded relatively fast on the task compared to others. Our 

explorative analysis showed that the group-level congruency effect on task performance was 

moderated by participants’ overall response speed: Those participants who responded relatively 

slow on the task but not those who responded relatively fast were affected by congruency 

relations between groups and showed opposing effects of being imitated by both vs. one 

member of the opposing dyad depending on whether they performed the task with or without 

their co-actor. In contrast, participants who responded relatively fast on the task showed no 

indications of being affected by imitative responses of other agents in the scene.  

A possible explanation for this limiting factor in our results could be that the fast 

responding participants performed the task primarily in a stimulus-based rather than an effect-

based action control mode, i.e., by selecting their responses simply in compliance with the 

instructed stimulus-response mapping but not in order to trigger imitative responses in the other 

agents (c.f., Herwig et al., 2007; Waszak et al., 2005). Previous research has shown that 

response selection is generally faster in stimulus- compared to effect-based action control 
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modes (e.g., Keller et al., 2006; Waszak et al., 2005) and that congruency effects between 

actions and their outcomes depend on task instructions that foster effect-based rather than 

stimulus-based action control modes (Pfister et al., 2010; Zwosta et al., 2013a). Indeed, task 

instructions in the current study focussed on participants’ primary task to lift their index or 

middle finger in response to shape stimuli appearing on screen but made it less explicit that 

participants should do so in order to trigger an imitative response in the other agents. This might 

have led many participants to zoom in on their primary task to select responses in reaction to 

the task-relevant stimuli, without integrating the responses of the other agents in the scene in to 

their own representation of the task.  

The findings of the present study bear several indications. First, our findings inform 

research investigating how the behavioural changes we evoke in other people, i.e., the social 

consequences of our actions, get integrated into our own action planning and control processes. 

Previous research on so-called sociomotor action control (Kunde et al., 2018) has shown that 

people access their own contributions to a social interaction by anticipating the behavioural 

responses they evoke in their interaction partners. Whereas demonstrations of this principle 

remained limited to dyadic interactions so far (for exemptions see Galang et al., 2024; 

Neszmélyi & Pfister, 2024), our findings indicate that people can use anticipated actions of 

multiple other agents to initiate and control their own contributions to a social interaction.  

However, our findings also point to limitations in how readily people integrate 

behavioural responses evoked in others into their own action planning and control processes. 

The finding that only some but not all participants were affected by imitative responses of the 

other agents in the scene indicates that integrating predictable actions of others into 

representations of one’s own actions is not an automatic process but seems to be dependent 

situational factors that may comprise people’s current task construal or their dominant mode of 

action control. Future research on action control in social interaction should thus assess the 

conditions and enabling factors that make people more or less pronounced to represent their 
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contributions to a social interaction in terms of the responses they evoke in others in a more 

systemic way (see Kunde et al., 2018 for a summary of initial findings).   

Second and central to the aim of the present study, our findings inform research on the 

content and structure of joint task representations. The finding that participants’ task 

performance was driven by congruency relations between groups indicates that participants 

formed task representations encoding group-level performance (i.e., “WE both lift our index 

finger”) rather than individual level performance alone (i.e., “I lift my index finger”). As such, 

anticipating an imitative response by both members of the other group (i.e., “THEY will both 

lift their index finger”) could prime access to the joint task representation of lifting one’s finger 

together with one’s co-actor, while anticipating an imitative response by only one member of 

the other group (i.e., “one of them will lift their index finger”) could interfere with the joint task 

representation of lifting one’s finger together with one’s co-actor.  

This finding extends previous research on imitation between groups that has led to similar 

theoretical conclusions (Essa et al., 2019; Ramenzoni et al., 2014; Tsai et al., 2011; see McEllin 

et al., 2018 and Milward & Sebanz, 2016 for discussion). While these studies showed that 

external observation of individual and joint actions can prime the execution of individual and 

joint actions respectively, our study goes one step further by showing that the internal 

anticipation of individual or joint action in others can produce similar effects. As such, our 

findings tap into the endogenous action planning processes that guide the initiation and control 

of joint actions in a goal-directed rather than stimulus-driven way, providing direct support for 

the idea that task representations encoding group-level performance (i.e., “we-representations”) 

can play a role in joint action planning (Formica & Brass, 2024; Kourtis et al., 2019).  

In summary, our study provides initial evidence that anticipated imitation effects can be 

modulated by congruency relations between interacting groups. This finding indicates that 

people can use anticipated actions of multiple other agents to initiate and control their own 

contributions to a social interaction and supports the idea that actions performed together with 
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others become represented in relation to group-level rather than individual-level performance. 

Limiting our findings, it remains to be determined why not all participants in the current study 

showed to be affected by predictable responses of other agents in the scene. Future research 

should explore task conditions that may foster the integration of others’ anticipated actions into 

people’s own action representations. For instance, task instructions that emphasize action-

outcome contingencies over stimulus-response mappings in the present setup may enhance 

sensitivity to the imitative behaviour of others. In addition, the presence of physical rather than 

virtual co-actors could further promote their integration into people’s action representations.    
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3. STUDY II:  

Action-Outcome Learning in Synchronous Joint Action 

3.1. Introduction 

Joint actions, such as playing a piano duet, moving furniture together or greeting a friend 

with a fist bump, require people to purposefully coordinate their actions in the service of shared 

goals (Butterfill, 2018; Pacherie, 2013; Sebanz et al., 2006). Previous research indicates that 

successful performance of joint actions directed at shared goals hinges on dedicated mental 

representations specifying the desired outcomes of the joint action and the joint contributions 

of self and others that are needed to achieve them (Knoblich et al., 2011; Vesper et al., 2010a; 

see Sebanz & Knoblich, 2021 for a recent review). Yet, little is known about how people acquire 

these representations and what learning mechanisms underlie their formation. To fill this gap, 

the current study investigated how co-actors learn and represent novel instrumental 

relationships between their joint actions and the outcomes they produce together.  

3.1.1. Action-outcome learning 

Producing goal-directed actions, either alone or together with others, presupposes 

knowledge about instrumental relationships between actions and their resulting outcomes on 

the body and the environment (Dickinson & Balleine, 1994; Hommel, 2017; Wolpert & 

Flanagan, 2001). A parsimonious way to explain how people acquire such knowledge implicitly 

through sensorimotor experience is provided by associative accounts of goal-directed behaviour 

(Wit & Dickinson, 2009), most prominently by ideomotor theories (Greenwald, 1970; Hommel 

et al., 2001; Prinz, 1997; see Pfister, 2019 and Shin et al., 2010 for reviews). Ideomotor theories 

propose that the capacity to produce goal-directed behaviour relies on bidirectional action-

outcome associations that are acquired through the recurrent experience of contingent 
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relationships between actions and their outcomes. Once established, bidirectional action-

outcome associations provide a simple mechanistic explanation of how actions become causally 

initiated and controlled: By activating perceptual representations of action outcomes, either 

through internal mental anticipation or through external perception in the environment, their 

associated motor programs become directly activated and prepared for execution. Thus, 

ideomotor theories propose that actions are initiated and controlled through representations of 

their associated outcomes.  

Evidence that bidirectional action-outcome associations underlay learning and control of 

individual motor behaviour comes from studies employing a well-established two-stage action-

outcome learning task (cf. Elsner & Hommel, 2001). The task involves an initial learning phase, 

in which people experience novel action-outcome relationships by performing simple actions 

(e.g., left- and right-handed button presses) that contingently produce arbitrary outcomes in the 

environment (e.g., low and high tones). Whether people acquired bidirectional action-outcome 

associations during the learning phase is then probed in a subsequent test phase, in which the 

former action outcomes are presented as imperative stimuli, requiring participants to perform 

either free- or forced-choice responses. Numerous studies have demonstrated that the 

presentation of former action outcomes in the test phase primes execution of those responses 

that produced these outcomes in the preceding learning phase (Elsner & Hommel, 2001, 2004; 

Herwig et al., 2007; Hoffmann et al., 2009; Janczyk et al., 2022; Pfister et al., 2011; Sun et al., 

2020; Watson et al., 2015). These findings support the idea that the recurrent experience of 

contingent relationships between actions and their outcomes leads to the acquisition of 

bidirectional action-outcome associations.   

Bidirectional action-outcome associations thus provide a mechanistic explanation of how 

people acquire mental representations that enable the production of individual goal-directed 

actions. In the current study, we investigated how action-outcome learning takes place during 
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joint actions and could lead to the acquisition of dedicated joint action representations guiding 

interpersonal action coordination in the service of shared goals.  

3.1.2. Representing joint actions 

Many joint actions involve deliberate coordination between actions of multiple 

individuals that are collectively directed at the production of joint outcomes in the environment 

(Butterfill, 2012; Pacherie, 2013; Sebanz et al., 2006). Thus, in contrast to individual actions, 

joint actions seem to require that individuals learn and represent how their own actions together 

with those of their co-actors produce outcomes in the environment that reflect the joint effects 

of their coordinated action contributions.  

These representational peculiarities of joint action are underlined by a range of empirical 

findings. By investigating how pairs of pianists monitor individual and joint performance 

during musical duets, Loehr and colleagues (2013) showed that co-actors are especially 

sensitive to performance errors altering outcomes that depend on their common contributions 

to the joint action (e.g., the harmony of jointly produced chords), while individual performance 

errors that leave these joint action outcomes unaffected are processed with lower priority. 

Furthermore, Loehr and Vesper (2016) showed that when people learn to play simple piano 

melodies as part of a musical duet performed with an accompanist, it is more difficult for them 

to produce the learned melody alone without the accompanying auditory feedback of their 

counterpart. Together, these studies indicate that actions performed in joint action contexts are 

predominantly guided by representations of joint rather than individual action outcomes.  

This evokes the question of how co-actors represent instrumental relationships between 

their actions and the joint outcomes they produce together. One theoretical possibility proposed 

by Vesper et al. (2010) is that people engaging in joint actions rely on minimal joint action 

representations that merely specify the outcome of the joint action and an individual’s own 

action contributions that are needed to achieve it, while only being aware that the outcome 
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cannot be achieved by acting alone — captured by the formula “ME + X”. Thus, according to 

this proposal, individuals engaged in joint actions may link the production of joint action 

outcomes only to their own contributions to the joint action while their co-actors’ contributions 

would not need to be specified in any detail.  

While these minimal representational requirements capture a range of scenarios that 

qualify as genuine cases of goal-directed joint action (c.f., Knoblich et al., 2011; Vesper et al., 

2010a), many empirical findings indicate that people often form more elaborate representations 

of their joint actions that also specify their co-actors’ contributions to the joint action in more 

detail. Studies on shared task representations show that people tend to co-represent specific 

aspects of others’ tasks and actions when acting alongside each other, which is indexed by 

modulations of people’s individual task performance by specifics of their co-actors’ tasks and 

actions. For example, people’s individual task performance has been shown to be modulated 

by simple stimulus-response rules (Atmaca et al., 2008; Sebanz et al., 2003, 2005) and action-

outcome mappings (Pfister et al., 2014; Sacheli et al., 2018, 2021) of their co-actors as well as 

by more elaborated aspects of others’ tasks, such as their physical task constrains (Schmitz et 

al., 2017) or the order of their actions (Schmitz et al., 2018).  

These findings imply that joint action representations can encode not only an individual’s 

own contributions to the joint action but also those of their co-actors. Yet, the assumption of 

shared task representations leaves open the question of how co-actors integrate information 

about their own and their partners’ action contributions into unified representations of their joint 

action performance (Butterfill, 2015; Keller et al., 2016; Knoblich & Jordan, 2003; Pesquita et 

al., 2018; Sebanz & Knoblich, 2009; Sinigaglia & Butterfill, 2022).  

An interesting possibility is that co-actors form joint action representations that specify 

foremost what they are pursuing together as a group (i.e., as a “WE”) rather than as separate 

interacting individuals (i.e., as “ME+YOU”) (Butterfill, 2015; della Gatta et al., 2017; Gallotti 

& Frith, 2013; Kourtis et al., 2019; Pacherie, 2013; Tsai et al., 2011). Thus, instead of specifying 
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the individual action contributions of self and others separately and in parallel, joint action 

representations may primarily encode how actions are to be performed by the group as a whole.  

Ample empirical support for the idea that co-actors form group-level representations of 

their joint actions is now provided by several lines of research. Studies investigating rationality 

principles of higher-level action planning in joint action contexts have shown that co-actors 

raise individual effort to maximize action efficiency at the level of the group (Török et al., 2019, 

2020). Studies investigating how co-actors’ experience agency in joint action contexts have 

demonstrated that people’s judgments of control over joint actions are strongly affected by 

group-level task performance (Dewey et al., 2014; Loehr, 2018) and seem to reflect a sense of 

joint rather than self-agency (Bolt et al., 2016; Bolt & Loehr, 2017).  

Further evidence for group-level action representations has been provided by studies on 

action mimicry. These studies showed that actions performed in synchrony or in turns with a 

partner are facilitated when co-actors observe the same actions performed by another dyad 

compared to when observing only individual parts of the joint action performed by a single 

actor (Ramenzoni et al., 2014; Tsai et al., 2011). Thus, performing actions as part of a joint 

action benefits more from observing another group modeling the joint action than from 

observing a single actor modeling only individual parts of it.  

Lastly, studies on interpersonal coordination indicate that joint action representations can 

specify not only each co-actor’s separate contributions to a joint action, but also how the 

individual contributions of self and others relate to each other at the level of the group. This is 

supported by findings showing that interference effects between observed and executed actions 

of two co-actors become modulated when both actions are performed as interrelated 

contributions towards a shared goal (Clarke et al., 2019; della Gatta et al., 2017; Sacheli et al., 

2018). Furthermore, a recent study by Kourtis et al. (2019) showed that co-actors’ action 

initiation and coordination performance benefits from prior information about pending joint 
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actions that merely specifies relations between co-actors’ upcoming individual action 

contributions (e.g., whether co-actors will perform similar or different actions).  

Taken together, the reviewed evidence for group-level action representations opens up 

the possibility that co-actors may link the production of joint action outcomes directly to group-

level relations between their individual contributions to the joint action. 

3.1.3. The present study 

The purpose of the present study was to examine how people acquire joint action 

representations by investigating how co-actors come to represent novel instrumental 

relationships between their coordinated actions and the joint outcomes they produce together. 

To that end, we assessed how the recurrent experience of contingent relationships between joint 

actions and their resulting outcomes affects action-outcome learning in jointly acting 

individuals.  

Based on the previous literature reviewed above, we contrasted two theoretical 

alternatives of how co-actors might link their coordinated actions to the joint outcomes they 

produce together. A first possibility is that action-outcome learning during joint action is merely 

sensitive to an individual’s own contributions to the joint action. Thus, individuals engaged in 

a joint action may link the production of joint action outcomes merely to their own action 

contributions, but not to the contributions of their co-actors. This would indicate that action-

outcome learning during joint action leads to the implicit formation of minimal joint action 

representations, merely specifying the joint action outcome and an individual’s own 

contribution to it.  

Alternatively, action-outcome learning during joint action may instead be sensitive to 

group-level relations between co-actors’ individual contributions to the joint action. According 

to this possibility, individuals engaged in a joint action may link the production of joint action 

outcomes directly to spatial and/or temporal relations between their own and their co-actors’ 
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contributions to the joint action that emerge at the level of their group-level performance.  This 

would indicate that action-outcome learning during joint action leads to the implicit formation 

of group-level representations of the joint action. See Figure 3-1 for a visual illustration of the 

two theoretical alternatives. 

To contrast these alternatives, we set out to investigate action-outcome learning in 

synchronous joint actions that require multiple co-actors to synchronize their individual action 

contributions with one another to achieve a desired outcome in the environment. Synchronous 

joint actions provide a specifically interesting test case for action-outcome learning as they 

introduce contrasting predictions of how jointly acting individuals could represent instrumental 

relationships between their actions and perceived outcomes: When co-actors perform 

synchronized actions to produce a joint outcome (e.g., performing synchronized key strokes on 

a piano to produce a harmonic chord), each co-actor could attribute the perceived outcome to 

individual-level features of their own action contribution alone (e.g., I pressed a certain key 

with my left/right index finger), but also to relational group-level features of their own and their 

partners’ action contributions taken together (e.g., WE pressed a certain configuration of keys 

with similar/different fingers). As such, synchronous joint actions should allow us to test 

Figure 3-1. Illustration of two possible representational structures that may result from action-

outcome learning in joint action contexts (see main text for explanation). 

C
E

U
eT

D
C

ol
le

ct
io

n



49 

 

whether action-outcome learning in joint action contexts leads to the formation of minimal or 

group-level representations of the joint action.  

Therefore, we adapted the individual action-outcome learning task by Elsner and Hommel 

(2001) to a synchronous joint action setting. In an initial learning phase, two co-actors produced 

a series of low and high two-tone chords by means of synchronized key presses on a joint 

response key layout with four horizontally aligned keys. In a subsequent test phase, both co-

actors were instructed to respond to the former chord outcomes with respect to a stimulus-

response mapping that was manipulated to either preserve or reverse the action-outcome 

relationships of the previous learning phase, with respect to both individual-level features of 

each co-actor’s isolated responses and to relational group-level features of co-actors joint 

response configurations (see Figure 3-2). According to the minimal account, action-outcome 

learning should be only sensitive to individual-level features of co-actors’ isolated response 

contributions. Following associative accounts of action-outcome learning, this should be 

reflected in a performance advantage in the test phase when the instructed stimulus-response 

mapping preserves the action-outcome relationship of the preceding learning phase on the level 

of each individual co-actor. In contrast, according to the group-level account, action-outcome 

learning should be sensitive to relational features of co-actors’ joint response configurations. 

Following associative accounts of action-outcome learning, this should be reflected in a 

performance advantage in the test phase when the instructed stimulus-response mapping 

preserves the action-outcome relationship of the preceding learning phase on the level of the 

group.  
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Figure 3-2. Experimental set-up and design. Panel A shows the learning phase. In the solo part 

of the learning phase (left), individual participants produced low and high tones by pressing 

the left (L) or right (R) button on their individual response box. In the joint part of the learning 

phase (right), pairs of participants performed synchronous responses to produce low- and high-

pitched two-tone chords together. At the group level, co-actors produced the two chords by 

performing synchronized responses to the inner (marked in blue) or outer buttons (marked in 

orange) of their joint response button layout. At the individual level, each co-actor contributed 

to the chord outcomes by performing a response to the left or right button on their individual 

response box. Thus, the jointly produced chords could be represented as being contingent on 

the relational response configurations co-actors performed together (i.e., WE press the 

inner/outer buttons) or as being related to an individual participant’s own response contribution 

(I press my left/right button) or both. Panel B shows the test phase. Pairs of participants 

responded in parallel to the previously produced chords according to a prescribed stimulus-

response mapping. On the group level, the stimulus-response mapping was manipulated to 

either preserve (Jointly Compatible mapping) or reverse (Jointly Incompatible mapping) the 

action-outcome mapping of the previous learning phase with respect to co-actors’ joint 

response configurations (inner/outer). The stimulus-response mapping was also manipulated 

at the individual level, so that it either preserved (Individually Compatible mapping) or 

reversed (Individually Incompatible mapping) the action-outcome mapping of the previous 

learning phase regarding each co-actor’s individual response contributions (left/right). To 

manipulate joint and individual compatibility of the stimulus-response mappings orthogonally 

to each other, co-actors were instructed to switch their seating positions from learning to test 

phase in two of the four test phase conditions (indicated by the red arrows). 
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3.2. Methods 

3.2.1. Participants  

In total, eighty adult participants took part in the experiment, grouped into pairs that were 

randomly composed upon study sign-up. Four pairs were dropped from analysis meeting 

preregistered exclusion criteria so that the final sample included seventy-two participants (25 

male, 47 female, MAge = 25.8, SDAge = 4.5) grouped into thirty-six pairs (17 same gender pairs, 

19 mixed gender pairs)7. Recruitment took place via the online research participation system of 

Central European University (CEU) in Vienna, Austria. All participants gave written informed 

consent and were compensated with 10 Euro for participation. Ethical approval for the study 

was granted by the Psychological Research Ethics Board of CEU.  

3.2.2. Apparatus and stimuli 

The experiment was run in a quiet, well-lit room. Stimulus presentation and response 

recording was controlled by a custom-made script written in PsychoPy (Peirce et al., 2019), 

running on a Dell computer attached to a 24 inch LCD monitor with a refresh rate of 60 Hz. 

Each participant responded using an individual response box (The Black Box ToolKit; 

dimensions: 202 mm x 137 mm x 35 mm LWH) with four horizontally aligned response 

buttons.  Only the two outer buttons of the response boxes were used for the experiment. If not 

specified differently, written instructions and text stimuli were presented in white letters against 

 
7 Previous studies deploying variants of our task in the domain of individual action 

observed medium to large effect sizes for individual compatibility manipulations in the test 

phase (Eder & Dignath, 2017; Elsner & Hommel, 2001, Exp. 1; Hoffmann et al., 2009, Exp. 1; 

Hommel et al., 2003; Wolfensteller & Ruge, 2011). A sensitivity analysis in G*Power (Faul et 

al., 2007) showed that the final sample size of N = 72 would have been sufficient to detect main 

effects of size d = .67 with 80% power at an alpha level of .05 (two-sided) in a 2x2 between-

subjects factorial design. Thus, our final design and sample size should have been sufficiently 

powered to detect and replicate an individual compatibility effect, if the effect persists in joint 

action contexts. We take this as a reasonable starting point for justifying our sample size 

decision, as our preregistered predictions were targeted at main effects in our final 2x2 between-

subjects factorial design. 
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black background on the computer monitor at a viewing distance of approximately 60 cm. 

Auditory stimuli comprised four synthesized organ notes differing in pitch (C4, G4, C5, G5)
8 and 

were presented via stereo speakers (Genius SP-HF 180) placed to the left and right of the 

computer monitor at a volume of approximately 60 dB. 

3.2.3. Procedure  

The experiment was divided into a learning and a test phase and lasted about 60 minutes. 

The experimenter was present throughout the whole session and monitored the procedure from 

outside the participants’ view.  

Learning phase 

The learning phase comprised two parts. The first part was performed by each pair 

member alone while the other waited outside the laboratory room (solo part). The second part 

was performed by both pair members together (joint part). 

Solo part. For the solo part of the learning phase, participants were seated centrally at the 

long side of a table facing the computer monitor with a single response box (labelled with “A” 

or “B” respectively) placed in front of them. One pair member received the “A”-labelled box 

(referred to as Participant A), the other the “B”-labelled box (referred to as Participant B). 

Participants were instructed to produce a series of high and low tones by pressing the left and 

the right button on their response box with the index finger of their left and right hand, 

respectively. The mapping between responses and tones was instructed by an illustration of the 

response box highlighting the respective buttons and labelling them with “high” and “low” 

respectively (see Figure 3-3, Panel A). Within pairs, participants always received the reversed 

mapping compared to their partner (e.g., Participant A: left → high tone, right → low tone; 

 
8 Organ tones were chosen due to their sharp attack and decay. All tones were synthesized 

with the digital audio workstation software LMMS (https://lmms.io/) using open-source sound 

fonts.  
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Participant B: left → low tone, right → high tone; c.f. Figure 3-2). The mappings were 

counterbalanced across pairs. One pair member produced C-notes (low tone: C4, high tone: C5) 

while the other pair member produced G-notes (low tone: G4, high tone: G5). Thus, for both 

pair members the pitch difference between low and high tones was one octave.   

At the beginning of each trial, participants were instructed to decide which tone to 

produce next by pressing the assigned button on their response box. Participants could choose 

freely but were instructed to produce a balanced amount of high and low tones throughout the 

experimental phase. After indicating their decision, participants’ choice was centrally displayed 

as a text prompt (e.g., “high tone”) for 1000 ms. Then, a counter appeared on screen, counting 

in an interval of 500 ms from three down to a “GO!” prompt that remained on screen for 500 

ms. Participants were instructed to issue their respective response in synchrony with the onset 

of the “GO!” prompt. If participants responded in line with their indicated decision and if their 

response fell within a response window of 500 ms around the onset of the “GO!” prompt, the 

respective tone was played for a duration of 600 ms. If participants’ responses fell outside an 

additional asynchrony window of 250 ms around the onset of the “GO!” prompt, a feedback 

message reminding them to respond in synchrony with the onset of the “GO!” prompt that was 

Figure 3-3. Illustrations used to instruct participants about their action-outcome 

mappings in the solo part of the acquisition phase (A) and in the joint part of the 

acquisition phase (B). In the test phase, stimulus-response mappings were instructed 

with a picture corresponding to panel B.  
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presented on screen after the tone had played. If participants responded not in line with their 

indicated decision or gave no response within the response window, no tone was played, and 

an error message was displayed in the centre of the screen for 1500 ms. Throughout each trial, 

a visual illustration of participants’ response box was displayed at the bottom of the computer 

screen, mirroring participants’ responses. As soon as participants produced a response within 

the response window, the respective response button in the display was highlighted until the 

end of the trial. The next trial started after a blank screen, displayed for 500 ms. Break messages 

appeared after every ten successful trials (trials in which participants produced a tone) and 

informed participants about the ratio of high and low tones produced so far. The solo part of 

the learning phase ended after each pair member had performed forty successful trials.  

Joint part. For the joint part of the learning phase, the two pair members were seated side 

by side at the long side of the table, both facing the centrally placed computer monitor. 

Participant A sat on the left side, Participant B sat on the right. Participants’ individual response 

boxes were placed between markers on the table in front of them, 20 cm apart from each other. 

They were instructed to produce high and low two-tone chords together by each pressing one 

of their response buttons in synchrony with their partner. The target chords were two organ 

chords made up from one C- and one G-note and differed in their relative pitch by means of 

one octave (lower chord: C4G4, higher chord: C5G5). The mappings between participants’ 

individual responses and tone outcomes remained the same as in the solo part of the learning 

phase, so that one pair member was responsible for playing the C- and the other was responsible 

for playing the G-note of a chord. Consequently, producing the target chords required pair 

members to produce different spatial response configurations together: Pairs jointly responded 

to the inner two buttons (requiring Participant A to press their right and Participant B to press 

their left button) or the outer buttons (requiring Participant A to press their left and Participant 

B to press their right button) of their joint response button layout (see Figure 3-2). The mappings 
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between participants’ responses and chord outcomes were instructed by an illustration, showing 

the response boxes of both pair members side by side, highlighting the relevant response 

buttons, and labelling them with “low” and “high” respectively (see Figure 3-3, Panel B). The 

rationale behind using this instruction was to leave it to the participants whether to code their 

responses at the group level (inner/outer) or at an individual level (left/right).  

The trial timeline for the joint part of the learning phase is illustrated in Figure 3-4, Panel 

A. At the beginning of each trial, pairs were instructed to jointly decide which chord to produce 

next. Therefore, one pair member was randomly assigned to verbally propose the next chord to 

Figure 3-4. Illustration of the trial timeline for the joint part of the learning phase (A) and 

for the test phase (B). A) shows a valid trial in the joint learning phase. B) shows a test phase 

trial in which one participant produced a response error. Blue bars represent 1000 ms 

response windows in which responses were recorded in both phases. The trial timeline for 

the solo part of the learning phase was identical to A) despite minor differences (see main 

text). 
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their partner who could either approve the proposal or propose the other alternative instead. The 

assignment was instructed by means of the prompts “Propose!” and “Approve!” printed on the 

side of the screen corresponding to participants’ seating positions and was balanced across 

trials. Pairs were instructed to produce a roughly balanced amount of low and high chords 

throughout the experimental phase. As soon as participants found an agreement, the 

experimenter registered their choice and proceeded the trial manually9.  

First, pairs’ choice was centrally displayed as a text prompt on screen (e.g., “high chord”) 

for 1000 ms. Then, a counter appeared on screen, counting in an interval of 500 ms from three 

down to a “GO!” prompt that remained on screen for 500 ms. To produce the chords, 

participants had to respond as synchronously as possible at the onset of the “GO!” prompt10. 

The response window opened 500 ms before the onset of the “GO!” prompt and closed 500 ms 

after. The first registered response by one of the pair members that fell within this response 

window, and that matched the required response configuration, triggered the tone assigned to 

that response. If the second pair member’s response also fell within the response window and 

within an asynchrony window of 250 ms with respect to the first pair member’s response, the 

tone mapped to the second response was triggered too. The respective two-tone chord resulting 

from both tones played simultaneously was then played for a duration of 1000 ms.  

If one pair member produced a response that did not match the required response 

configuration, the trial was ended, either stopping a previously triggered tone of their partner 

 
9 Initial proposals were approved by the second pair member in over 99% of all trials. 
10 Using a countdown in the learning phase had the aim to facilitate synchronized 

responding of both partners by making the onset of the GO! prompt predictable. This procedural 

aspect of the learning phase deviates from common procedures of the two-stage action-outcome 

learning task deployed in previous studies. An anonymous reviewer suggested that the 

synchrony instruction in the learning phase could have led participants to respond to a 500 ms 

delay after stimulus onset in the subsequent test phase because they were trained to do so in the 

learning phase. We deem this possibility rather unlikely because, in contrast to the GO! prompt 

in the learning phase, both timing and type of the test phase stimuli were randomized (see details 

below). Furthermore, as the timing demands in the learning and the test phase were identical 

across experimental conditions, they shouldn’t be able to serve as an alternative explanation of 

predicted performance differences between experimental conditions.  
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or preventing registration of any further response. In this case, an error message (“Wrong 

response!”) was displayed after the offset of the “GO!” prompt at the side of the participant 

who had performed the error. If one pair member did not produce a response within the response 

window, previously triggered tones of their partner were stopped, and an error message 

(“Missing response!”) was displayed at the side of the participant who had failed to respond. If 

no response was registered within the response window, the error message was displayed on 

both sides of the screen. If both pair members produced correct responses within the response 

window but failed to meet the asynchrony demand between their responses, the firstly triggered 

tone was stopped immediately and the feedback message “Be more synchronous!” appeared 

centrally on screen. Feedback and error messages were displayed for 1500 ms.  

Throughout each trial, an illustration of the two response boxes displayed side by side 

was shown at the bottom of the computer screen, mirroring participants’ responses. As soon as 

a pair member produced a response within the response window, the respective response button 

in the display was highlighted until the end of the trial. The next trial started after a blank screen, 

displayed for 500 ms. There was as short break after every twenty successful trials (trials in 

which pairs produced a chord together) in which participants were informed about the ratio of 

high and low chords produced so far. The joint part of the learning phase ended if pairs had 

performed eighty successful trials.  

Test Phase 

The test phase started directly after the joint part of the learning phase with no break in 

between. Depending on the experimental condition, pairs either remained in their current 

seating position or were instructed to swap seats, each of them taking their individual response 

box with them to the new seating position (see Figure 3-2). Pairs were then instructed to respond 

to the auditory presentation of the same high and low two-tone chords they had produced in the 

preceding learning phase as quickly and as accurately as possible in accordance with a fixed 
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stimulus-response mapping displayed on screen11. The stimulus-response mapping was 

instructed through an illustration similar to the illustration used in the joint part of the learning 

phase. It depicted the two response boxes of both pair members side by side, highlighting the 

respective response buttons, and labelling them with “high” and “low” respectively (see Figure 

3-3, Panel B). Given this instruction participants could construe their responses at the group-

level (inner/outer), at an individual level (left/right) or both.  

Furthermore, pairs were instructed to withhold any response when chords were presented 

together with the display of a red “X” on the computer screen (no-go trials)12. Depending on 

the experimental condition, the stimulus-response mappings required pairs to respond either 

with the same inner/outer response configuration they had performed together to produce the 

two chords in the preceding learning phase (Jointly Compatible mapping) or not (Jointly 

Incompatible mapping). At the same time, the stimulus-response mapping required each 

individual participant to respond either with the same left/right response they had performed 

individually to produce the two chords in the preceding learning phase (Individually 

Compatible mapping) or not (Individually Incompatible mapping) (see Figure 3-2).  

The trial timeline for the test phase is illustrated in Figure 3-4, Panel B. Each trial started 

after a variable inter trial interval that ranged between 500 and 1500 ms with the presentation 

of the higher or the lower chord, played for a duration of 1000 ms. The chord was presented 

together with a white exclamation mark (go trials) or a red “X” (no-go trials) displayed centrally 

on screen. The response window was open for the duration of the chord. Participants received 

error feedback for incorrect or missing responses displayed for 1500 ms on the side of the pair 

member who had produced the error. Throughout each trial, an illustration of the two response 

boxes displayed side by side was shown at the bottom of the computer screen, mirroring 

 
11 Pair members were not explicitly instructed to synchronize their responses with each 

other. 
12 No-go trials served as catch trials to keep participants’ attention centred on the screen.  

C
E

U
eT

D
C

ol
le

ct
io

n



59 

 

participants responses. As soon as a pair member produced a response within the response 

window, the respective response button in the display was highlighted until the end of the trial.  

Pairs performed 50 trials that were divided into 5 sub-blocks à 10 trials. Within each sub-

block, the number of high and low chords was balanced, and two trials (one high chord and one 

low chord trial) were no-go trials. Trial order within each sub-block was randomized. The first 

sub-block served as training, after which the instruction slide depicting the instructed stimulus-

response mapping was shown again. The remaining trials proceeded with no breaks in between.  

3.2.4. Design 

All pairs performed two test phase blocks, one time with a jointly compatible and one 

time with a jointly incompatible stimulus-response mapping. Before performing the second test 

phase block in the remaining experimental condition, pairs repeated the joint part of the learning 

phase for a second time in the same seating positions as before.  The order of the two test-phase 

blocks was counterbalanced across pairs. Individual Compatibility of the stimulus-response 

mappings was manipulated between pairs, so that one half of the pairs performed both test phase 

blocks with an Individually Compatible and the other half of the pairs with an Individually 

Incompatible stimulus-response mapping.  

As specified in our preregistration, we eventually limited our design to pairs’ first test 

phase block only, as preliminary analysis of participants test phase performance with Joint 

Compatibility as a within-subjects factor revealed significant block order effects (see Appendix 

B2). This left the study with a 2 (Individual Compatibility: Individually Compatible vs. 

Individually Incompatible) x 2 (Joint Compatibility: Jointly Compatible vs. Jointly 

Incompatible) fully between-subjects factorial design.   
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3.2.5. Data analysis 

Learning phase  

For the solo part of the learning phase, trials with response omissions were removed prior 

to analysis (4.4% of all trials). From the remaining trials, error rates (ERLearnSolo, relative 

frequency of trials in which participants failed to produce a tone) and the ratio of high and low 

tones produced on successful trials were aggregated for each participant. For the joint part of 

the learning phase, trials in which both pair members omitted responses were removed prior to 

analysis (0.4% of all trials). From the remaining trials, error rates (ERLearnJoint, relative frequency 

of trials in which pairs failed to produce a chord together)13 and the ratio of high and low chords 

produced on successful trials were aggregated for each pair.  

To assess the possibility of potential differences between participants in the four test 

phase conditions regarding their learning phase performance, error rates and outcome ratios in 

the solo and joint part of the learning phase were analysed as a function of the experimental 

conditions participants performed in the subsequent test phase. The ratio of high tones produced 

in the solo part of the learning phase and the ratio of high chords produced in the joint part of 

the learning phase were compared against chance by means of one-sampled t-tests, separately 

for each of the four test phase groups resulting from the factorial design. Error rates in the solo 

and in the joint part of the learning phase were compared between the four test phase conditions 

by means of an ANOVA with Individual Compatibility (Individually Compatible vs. 

Individually Incompatible) and Joint Compatibility (Jointly Compatible vs. Jointly 

Incompatible) as between-subjects factors.  

 
13 This includes trials with missing responses by one and wrong responses by one or both 

pair members as well as trials in which pair members responded not synchronously enough.  
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Test Phase 

The first ten trials of the test phase served as training trials to familiarize participants with 

the trial procedure and were therefore excluded from analysis. For the remaining test trials, go- 

and no-go trials were separated and response omissions on go-trials were removed (3,9% of all 

go-trials). For no-go trials, the frequency of erroneous responses was calculated for each 

participant. For go-trials, error rates (ERTest, relative frequency of wrong responses) and mean 

response times (RTs) on correct trials were calculated for each participant. As specified in our 

preregistration, we also calculated a combined measure of participants response performance 

on go-trials accounting for speed-accuracy trade-off by combining error rates and mean RTs 

into inverse efficiency scores (IES), calculated as mean RT/(1-ERtest) (Bruyer & Brysbaert, 

2011). Furthermore, asynchronies between valid go-trial responses of both pair members were 

aggregated for each pair by calculating pairs’ mean absolute response asynchronies (|ASY|) on 

valid go-trial.  

As analysis of error rates in the joint part of the learning phase revealed significant 

differences between the four test phase groups regarding their learning phase performance (see 

Appendix B1), we included error rates of the joint part of the learning phase (ERLearnJoint)  as a 

covariate in the statistical analysis of participants’ test phase performance. Hence, all test phase 

measures were analysed as a function of the four test phase conditions by means of an 

ANCOVA with Individual Compatibility (Individually Compatible vs. Individually 

Incompatible mapping) and Joint Compatibility (Jointly Compatible vs. Jointly Incompatible 

mapping) as between-subjects factors and error rates of the joint part of the learning phase 

(ERLearnJoint) as a covariate14.  

 
14 For analysis of participants’ individual performance measures in the test phase (IES, 

RTs and ERTest), pair-level error rates in the joint part of the learning phase were treated as an 

individual-level variable for each pair member. 
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3.2.6. Open science statement 

Sample size, data exclusion criteria, analysis plan and directed hypotheses were 

preregistered in the Open Science Framework. The preregistration can be accessed under 

https://osf.io/vk348. The inclusion of ERLearnJoint as a covariate in the analysis of participants’ 

test phase performance was not preregistered, as differences between the four test phase groups 

regarding their learning phase performance was unexpected. 

3.3. Results 

Results for the learning phase can be found in Appendix B1. The results for the test phase 

analysis are depicted in Figure 3-5.  

Analysis of participants’ IES (Figure 3-5, Panel A) revealed a significant main effect of 

the Joint Compatibility factor, F(1,67) = 9.23, p = .003, ηp
2 = .121. Yet, opposite to our initial 

predictions, participants’ response performance was less efficient (implying higher IES) with a 

Jointly Compatible mapping (estimated marginal mean [EMM] = 667 ms, 95%CI [634 ms, 701 

ms]) compared to a Jointly Incompatible mapping (EMM = 592 ms, 95%CI [557 ms, 627 ms]). 

There was also a significant effect of the covariate (ERLearnJoint), F(1,67) = 9.42, p = .003,  ηp
2 

= .123, indicating that participants responded less efficiently in the test phase the more errors 

they had made together with their partner in the joint part of the learning phase (r(70) = .474, p 

< .001). Neither the main effect of the Individual Compatibility factor, nor its interaction with 

the Joint Compatibility factor, were significant (both F < 1). Further explorative analysis of the 

Individual Compatibility factor by means of an independent samples Bayesian t-test showed 

that the IES data was BF01 = 9.2 times more likely under the null hypothesis predicting the 
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absence of a performance advantage in the individually compatible compared to the 

individually incompatible test phase conditions.  

The analysis of participants’ mean RTs is displayed in Figure 3-5, Panel B. Again, there 

was a significant main effect of the Joint Compatibility factor, F(1,67) = 12.6, p < .001, ηp
2 = 

.159, but — as for IES — the effect was in the opposite direction as predicted. RTs in the Jointly 

Compatible conditions (EMM = 576 ms, 95%CI [555 ms, 597 ms]) were slower compared to 

the Jointly Incompatible conditions (estimated marginal means = 519 ms, 95%CI [498 ms, 542 

Figure 3-5. Condition means of participants’ IES (A), mean RTs (B) and error rates (C) and of 

pairs’ mean absolute response asynchronies (|Asy|) (D) in the test phase. Condition means 

represent estimated marginal means adjusted for inclusion of ERLearnJoint  as a covariate in 

the comparison. Error bars represent the respective standard errors of the mean. Significant 

main effects are marked with asterisks (** p < .01; *** p < .001). 
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ms]). There was also a significant effect of the covariate (ERLearnJoint), F(1,67) = 4.87, p = .03, 

ηp
2 = .067, reflecting slower response times in the test phase the more errors participants had 

made together with their partner in the joint part of the learning phase (r(70) = .358, p = .002). 

Again, neither the main effect of the Individual Compatibility Factor, nor its interaction with 

the Joint Compatibility factor were significant (both F < 1). ). Further explorative analysis of 

the Individual Compatibility factor by means of an independent samples Bayesian t-test showed 

that the RT data was BF01 = 7.4 times more likely under the null hypothesis predicting the 

absence of a response time advantage in the jointly compatible compared to the jointly 

incompatible test phase conditions. 

Analysis of participants’ error rates on go-trials of the test phase (Figure 3-5, Panel C) 

revealed no significant main or interaction effects (all F < 1). Only the effect of the covariate 

(ERLearnJoint) on participants’ test phase error rates was significant, F(1,67) = 5.01, p = .03, ηp
2 

= .07, reflecting higher error rates in the test phase the more errors participants had made 

together with their partner in the joint part of the learning phase (r(70) = .374, p = .001).  

Analysing the frequencies of participants’ erroneous responses on no-go trials revealed 

no significant main or interaction effects (all F < 1 after controlling for the effect of the 

covariate, F(1,67) = 3.168, p = .08, ηp
2 = .05). 

The analysis of mean absolute asynchronies between both pair members responses 

(Figure 3-5, Panel D), revealed a significant main effect of Joint Compatibility, F(1,31) = 10.31, 

p = .003, ηp
2 = .25, with larger absolute asynchronies in the Jointly Compatible conditions 

(EMM = 147 ms, 95%; CI [132 ms, 162 ms]) compared to the Jointly Incompatible conditions 

(EMM = 112 ms; 95%CI [96 ms, 128 ms]). The covariate (ERLearnJoint) had no significant effect 

on absolute asynchronies between pair members responses in the test phase (F < 1). The main 

effect of the Individual Compatibility factor was non-significant, F(1,31) = 2.38, p = .13, ηp
2 = 

.071; the interaction between the Joint and the Individual Compatibility factor approached but 

was shortly off statistical significance, F(1,31) = 3.81, p = .06, ηp
2 = .109. Further explorative 
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correlation analysis of participants’ mean absolute response asynchronies relative to their 

partners’ responses revealed a positive relationship with participants’ mean RTs, r(1,35) = .29, 

p = .01515, indicating that higher asynchronies between pair members responses were associated 

with overall slower responses of both pair members.   

3.4. Discussion 

The present study tested two possible accounts of how co-actors might learn and represent 

novel instrumental relationships between synchronized action contributions and the joint 

outcomes they produce together. According to a minimal account of joint action 

representations, action-outcome learning should only be sensitive to each co-actor’s individual 

contributions to the joint action, which should have been reflected in a modulation of 

participants’ test phase performance by means of our individual compatibility manipulation. 

According to a group-level account of joint action representations, action-outcome learning 

should be sensitive to relations between co-actors individual contributions to the joint action, 

which should have been reflected in a modulation of participants’ test phase performance by 

means of our joint compatibility manipulation. Our results showed that joint but not individual 

compatibility manipulations of the instructed stimulus-response mappings affected 

participants’ response performance in the test phase. However, the result pattern we observed 

was not in line with the directed predictions we derived from associative accounts of action-

outcome learning.  

3.4.1. Action-outcome learning on the individual level  

Against the prediction we derived from of the minimal account, we found no evidence 

that participants’ test phase performance benefitted from a stimulus-response mapping that was 

compatible with the preceding learning phase regarding individual-level features of each co-

 
15 Degrees of freedoms were adjusted to the number of pairs. 
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actor’s isolated response contributions (left/right). This indicates that presentation of the two-

tone chords in the test phase was unlikely to prime learned associations with individual-level 

features of participants’ isolated response contribution. This would imply that participants did 

not represent the chord outcomes in the learning phase to be contingent on their individual 

action contributions alone.  

We propose that the lack of an individual compatibility effect can be attributed to the 

peculiarities of the synchronous joint action setting investigated in the present study. First, 

during the joint part of the learning phase, participants produced distinct chord outcomes that 

were contingent on the compound of two synchronous response contributions of both co-actors. 

This may have obscured contingent relationships between perceived outcomes and the isolated 

response contributions of each individual co-actor. The finding that co-actors did not acquire 

action-outcome associations on the individual level may thus be explained by overshadowing, 

an effect that has been observed in research on classical conditioning (e.g., Pavlov, 1927) and 

human contingency learning (e.g., Dickinson et al., 1984; Shanks, 1989). Research in these 

domains has shown that learners tend to become insensitive to contingency relations between 

two consecutive events (e.g., an individual action and a perceived outcome) if  the preceding 

event occurs in compound with another potential predictor (e.g., the action of another co-actor). 

This interpretation would also be in line with recent studies providing direct evidence for 

limitations of associative action-outcome learning in individual action contexts when the 

number of action and outcome possibilities increase beyond a limited set of simple one-to-one 

mappings (Flach et al., 2006; Watson et al., 2015).  

Second, many studies in the domain of individual action indicate that learning and 

retrieval of associations between outcomes and low-level response features is not a quasi-

automatic process but appears to be modulated by intentional and attentional factors (c.f., 

Herwig & Waszak, 2009; Kiesel & Hoffmann, 2004; Pfister, 2019; Vogel et al., 2020; Zwosta 

et al., 2013). These studies indicate that people link perceived outcomes to selective features of 
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their actions that are determined by top-down interpretational processes defining how produced 

actions are currently encoded (see also Ansorge & Wühr, 2004). Thus, the missing evidence for 

action-outcome learning on the individual level may indicate that participants encoded their 

responses in the learning phase not simply as individual left/right responses. 

As we attribute the lack of an individual compatibility effect in our study to the 

peculiarities of synchronous joint action, future studies may extend our research to other joint 

action scenarios in which individual and joint action contributions and their respective 

outcomes are more clearly distinguishable in space and time. This would be the case in 

sequential joint actions in which co-actors produce individual actions / action outcomes in turns 

with each other to produce more distal joint action outcomes over time (e.g., Sacheli et al., 

2018). Thus, an interesting question for future research would be whether action-outcome 

learning remains sensitive to individual-level response features of co-actors isolated response 

contributions in other joint action contexts that deviate from the special case of synchronous 

joint action investigated in the present study. 

3.4.2. Action-outcome learning on the group level  

Turning to the prediction we derived from the group-level account, we did not find 

evidence that participants’ test phase performance benefitted from a stimulus-response mapping 

that was compatible with the preceding learning phase regarding group-level features of co-

actors’ joint response contributions (inner/outer). In contrast, we observed an unexpected effect 

in the opposite direction, reflecting a performance advantage for participants who received 

jointly incompatible stimulus-response mappings in the test phase. This unexpected reversed 

joint compatibility effect speaks against the hypothesis that presentation of the two-tone chords 

in the test phase led to an automatic activation of associated group-level features of co-actors’ 

joint response contributions. This finding indicates that the mechanisms proposed by simple 
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associative accounts of goal-directed action (e.g., ideomotor theories) are not directly 

extendable to incorporate group-level features of joint action performance.  

Nevertheless, the reversed joint compatibility effect still requires an explanation of why 

co-actors were reliably affected by alterations of group-level relations between their own and 

their partner’s contributions to the joint action from learning to test phase. This finding implies 

that the action-outcome representations participants acquired in the learning phase must have 

been sensitive to group-level relations between their own and their partner’s contributions to 

the joint action in some way.  

A possible explanation of the reversed joint compatibility effect can be derived from 

theories postulating that acquired representations of action-outcome relationships are not stored 

as rigid bidirectional associations formed in long-term memory but as propositional knowledge 

structures represented in current working memory (Custers, 2023; Mitchell et al., 2009; 

Seabrooke et al., 2016; Sun et al., 2022). According to these accounts, propositional 

representations of action-outcome relationships acquired in the learning phase would have 

influenced participants’ test phase performance, not by priming responses associated with a 

former action outcome on a trial-by-trial level, but by modulating how participants translated 

the task instructions at the start of the test phase into task-relevant stimulus-response rules held 

in procedural working memory during the ensuing task (i.e., task sets, c.f., Brass et al., 2017; 

Hazeltine & Schumacher, 2016; Monsell, 2003; Rogers & Monsell, 1995). 

Thus, the reversed joint compatibility effect may have arisen because participants — as a 

function of their previous learning experience — performed the test phase in the respective 

conditions with different task-sets in mind, encoding the ambiguously instructed stimulus-

response mappings at the start of the test phase either in relation to their group-level 

performance (i.e., if WE hear a high/low chord, WE press our inner/outer buttons) or merely in 

relation to their individual-level performance instead (i.e., if I hear a high/low chord, I press my 

left/right button).  
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Specifically, pairs who received jointly compatible test phase instructions might have 

been inclined to encode the instructed stimulus-response mappings in relation to their group-

level performance, as a group-level construal of the task instructions could be most easily 

reconciled with their previous group-level performance in the learning phase. In contrast, pairs 

who received jointly incompatible test phase instructions may have been reluctant to encode the 

instructed stimulus-response mappings in relation to their group-level performance, as a group-

level construal of the task instructions stand in conflict with their previous group-level 

performance in the learning phase. Due to this conflict during task-set formation (c.f., Monsell 

et al., 2001), participants receiving jointly incompatible test phase instructions may have 

reverted to encode the instructed stimulus-response mappings in relation to their individual-

level performance instead to ensure efficient response performance in the upcoming task.16  

Following this explanation, the reversed joint compatibility effect could stem from the 

fact that implementing stimulus-response rules encoded on a group level (i.e., in the jointly 

compatible test phase conditions)  raises higher cognitive demands compared to implementation 

of stimulus-response rules encoded merely in relation to people’s individual-level performance 

(i.e., in the jointly incompatible test phase conditions).  

 
16 Notably, this idea would be in line with Vallacher and Wegner’s (1985, 1987, 2012) 

theory of action identification which formulates basic principles of how people conceptualize 

their actions. The theory assumes that people can conceptualize their actions at different 

hierarchical levels of abstractions, ranging from lower-level interpretations related to specific 

movements they perform to higher-level interpretations related to more distal ends of their 

actions. At which level people construe their actions is thought to be determined by three 

interconnected principles, stating that 1) a prepotent level of action identification is maintained 

unless 2) an action can be conceptualized at a higher level, creating a tendency to change to that 

higher level or 3) an action cannot be performed in terms of the prepotent level of action 

identification, creating a tendency to revert to a lower level. Applied to our study, the theory 

predicts that co-actors would tend to conceptualize their actions at the highest level of 

abstraction afforded by the task (i.e., in terms of their group-level performance) until it would 

create problems for efficient task performance, at which point co-actors would tend to construe 

their actions at a lower level instead (i.e., in terms of their individual-level performance).  
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First, a possible reason for this could be that the implementation of stimulus-response 

rules encoded on a group level may require an additional processing step that specifies people’s 

response contribution not only at the group level but at the individual level as well (e.g., WE 

press our inner buttons, so I press my left/right button). This assumption of a hierarchical 

specification of joint action representations would be in line with current theoretical models of 

joint action planning implicating a cascading processing hierarchy that proceeds from higher-

level action representations related to group-level performance to lower-level action 

representations related to the individual-level action contributions of the separate co-actors 

(Candidi et al., 2015; Keller et al., 2016; Pacherie, 2012; Pesquita et al., 2018; Sacheli et al., 

2018; Sinigaglia & Butterfill, 2022; Zapparoli et al., 2022). Therefore, participants’ may have 

performed worse in the jointly compatible compared to the jointly incompatible test phase 

conditions because they accessed individual-level representations of their own response 

contributions only indirectly, mediated through a higher-order action representation at the 

group level. In contrast, participants in the jointly incompatible test phase conditions would 

have performed better because they were able to access individual-level representations of their 

own response contributions directly without requiring an additional processing step.  

Second, implementing stimulus-response rules encoded on a group level may also involve 

further specification of individual-level response features of other co-actors’ contributions to 

the groups’ response as well (e.g., WE press our inner buttons, so I press my left/right button 

and YOU press your right/left button). This would be suggested by research findings 

demonstrating that people tend to co-represent others’ tasks and actions (Atmaca et al., 2008; 

Kourtis et al., 2013; Novembre et al., 2014; Schmitz et al., 2018; Sebanz et al., 2003, 2005) as 

long as they are perceived as co-acting partners contributing to a joint task (Kourtis et al., 2010; 

Meyer et al., 2011; Sacheli et al., 2018, 2021). Thus, participants may have performed worse in 

the jointly compatible compared to the jointly incompatible test phase conditions because they 

faced additional processing costs associated with the specification of their partner’s response 
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contributions that would have been absent in participants in the jointly incompatible test phase 

conditions who encoded the stimulus-response rules merely in relation to their own individual-

level performance.  

3.4.3. Conclusion 

Our study investigated how co-actors acquire joint action representations by learning 

novel instrumental relationships between synchronous joint actions and the outcomes they 

produce. While our results reveal limitations of purely associative accounts of action-outcome 

learning in synchronous joint action contexts, they can be explained by propositional accounts 

and align with a growing body of evidence that joint action is supported by dedicated mental 

representations encoding group-level relations between co-actors’ joint action contributions. 

Taken together, our study informs current theorizing on the mechanistic nature of action-

outcome learning in individual and joint action settings and provides novel evidence that co-

actors tend to form group-level representations of their joint actions if afforded by given task 

constraints.  
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4. STUDY III and IV: 

Modulations of Imitative Response Tendencies  

in Joint Task Settings 

4.1. STUDY III: Do individual and joint action goals modulate 

imitative response tendencies? 

4.1.1. Introduction 

To engage in social interactions, people need to interpret the actions they observe in others 

and produce appropriate and timely responses to them. Understanding how these processes 

work in concert and enable interaction partners to coordinate their actions is a central question 

for research on joint action (Sebanz et al., 2006). A common assumption in this field of research 

is that people process others’ actions through the lens of their own action capacities, i.e., that 

they reuse cognitive resources deployed for action execution to simulate and predict the actions 

they perceive in others (Wilson & Knoblich, 2005; Wolpert et al., 2003). This idea has gained 

ample empirical support from neuroimaging studies showing that action observation and action 

execution recruit similar brain circuits (for a review see e.g., Rizzolatti & Sinigaglia, 2016) as 

well as from behavioural research showing that people tend to imitate the actions they perceive 

in others (Heyes, 2011; c.f., Genschow & Cracco, 2025 for an exhaustive collection of relevant 

research findings). This imitative response tendency is indexed by the well-replicated finding 

that actions are initiated faster while observing similar (i.e., congruent) compared to dissimilar 

(i.e., incongruent) actions of somebody else (imitative congruency effect; see Cracco et al., 

2018 for a meta-analysis). Prominent theoretical accounts propose that this imitative 

congruency effect is the result of a direct matching process between observed and self-executed 
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movement features, suggesting that action observation automatically and obligatorily activates 

corresponding motor representations in the observer (e.g., Heyes, 2011; Iacoboni et al., 1999; 

Rizzolatti et al., 2001).  

Direct matching between perceived and self-executed actions can support social 

interactions by allowing interaction partners to predict and align their actions (Knoblich et al., 

2011). However, it also poses challenges for social interactions that require interaction partners 

to perform dissimilar yet complementary actions to achieve their goals (Sartori & Betti, 2015). 

For instance, handing someone a glass of champagne requires well-coordinated, yet different 

ways of grasping the glass by both interaction partners. Arguably, in these situation, automatic 

imitation of observed movements would interfere with task performance, raising the important 

question of whether and how our cognitive system can modulate imitative response tendencies 

in a flexible and context appropriate way (Brass & Heyes, 2005a).  

A possible solution to this problem is offered by goal-directed theories of imitation. 

According to these accounts, imitation is not the result of an automatic matching process 

between observed and self-executed movement features, but rather an interpretative process in 

which individuals infer and reproduce the goals underlying others actions (e.g., Bekkering et 

al., 2000; Csibra, 2007; Gattis et al., 2002; Wohlschläger et al., 2003; c.f., Heyes, 2013 for 

discussion). Central to these accounts is the assumption that actions can be represented at 

different, hierarchically organized levels of abstraction, ranging from overarching task goals 

(e.g., building a tower) over more proximal action goals (e.g., placing a brick onto another) to 

specific movement goals (e.g., lifting one’s right arm) (c.f., Grafton & Hamilton, 2007; Kilner 

et al., 2007; Pacherie, 2008; Uithol et al., 2012; Vallacher & Wegner, 2012). Goal-directed 

accounts of imitation assume that observers prioritize the reproduction of higher-level goals 

over lower-level movement patterns, such that tendencies to imitate low-level movement 

features of observed actions can become overruled by interpretations of observed actions in 

terms of their higher-level task and action goals (Ondobaka & Bekkering, 2012, 2013).  
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The influence of action goals on imitation 

While a growing body of evidence supports goal-directed theories of imitation, whether 

— and if so how — higher-level goal representations modulate imitative response tendencies 

still remains poorly understood. Preliminary evidence has been provided by studies showing 

that interference effects between perceived and executed movement goals are susceptible to 

imitative congruency relations between own and others higher-level action goals (Massen & 

Prinz, 2007; Ondobaka et al., 2012, 2013). E.g., a seminal study by Ondobaka et al. (2012) 

showed that imitative congruency effects between own and other’s movement goals (e.g., arm 

reaching movements to the left or the right) emerge only if co-actors perform their movements 

to achieve congruent action goals (e.g., selecting similar action targets), but not if co-actors 

perform their movements to achieve incongruent action goals (e.g., selecting dissimilar action 

targets). Moreover, performing actions towards congruent compared to incongruent action 

goals was shown to benefit participants’ response performance overall, indicating that people 

have a tendency to imitate higher-level action goals of others independent of the means they 

choose to reach them.  

These findings indicate a central role of action goals in shaping imitative congruency 

effects during social interactions and suggest a hierarchical control mechanism for imitative 

behaviour in which congruency relations between observed and self-executed actions at higher 

levels (e.g., action goals) modulate imitative congruency effects at lower-levels of action 

representation (e.g., movement goals). However, this conclusion has been challenged by recent 

studies that failed to provide conclusive evidence for a modulating role of action goals on 

imitative congruency effects between own and others lower-level movement goals (Cole et al., 

2018; Janczyk et al., 2016). As such, the extent and conditions under which higher-level action 

goals become able to modulate imitative congruency effects between lower-level movement 

goals still remains a subject of ongoing debate (see also, Chiavarino et al., 2013; Leighton et 

al., 2010; Longo et al., 2008; Wild et al., 2010).  
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The influence of joint task goals on imitation 

Further evidence for the notion that higher-level goal representations modulate imitative 

response tendencies in social interactions comes from research on joint action (see McEllin et 

al., 2018 and Sebanz & Knoblich, 2021 for reviews). As mentioned above, joint action often 

requires people to perform actions that are incongruent yet complementary to those of their co-

actors (Sartori & Betti, 2015), making joint action an interesting test case for the flexibility of 

imitative response tendencies. Initial evidence for modulations of imitative response tendencies 

in joint action contexts has been provided by a range of studies showing that explicit 

instructions and implicit requests to complement rather than to imitate observed actions of an 

interaction partner can reduce or even reverse imitative congruency effects between own and 

other’s movement goals (Bardi et al., 2015; Betti et al., 2019; Newman-Norlund et al., 2007; 

Ocampo et al., 2011; Ocampo & Kritikos, 2010; Poljac et al., 2009; Sartori et al., 2012, 2013; 

van Schie et al., 2008). Going beyond research on the role of individual action goals in 

modulating imitative congruency effects described above, these findings suggest a special role 

for goal representations that encode the joint outcomes of co-actors’ complementary action 

contributions, i.e., what they are achieving together as a group (see Butterfill, 2012 and Sacheli 

et al., 2015). We refer to this level of goal representation as joint task goals.  

Crucially, direct support for the notion that joint task goals shape imitative response 

tendencies has been provided by recent studies showing that  imitative congruency effects 

between own and others movement goals are indeed reduced (Clarke et al., 2019; Rocca et al., 

2023; Schmitz et al., 2023) or even absent (Sacheli et al., 2018, 2019) when own and others’ 

movements are performed as interrelated contributions towards a joint goal. To explain these 

findings, theoretical models of joint action propose that representations of joint task goals lead 

co-actors to integrate representations of their own and their partners’ individual action 

contributions into hierarchical joint action plans that encode relational constrains between co-
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actors’ individual action and/or movement goals (Candidi et al., 2015; Clarke et al., 2019; 

Pesquita et al., 2018; Sacheli et al., 2018; Sinigaglia & Butterfill, 2022; Zapparoli et al., 2022).  

The present research 

In light of the reviewed findings, we set out to further investigate if and how higher-level 

goal representations modulate imitative response tendencies during social interactions. Our 

motivation to do so was two-fold. First, we thought to re-assess previous research presenting 

mixed evidence for the notion that individual action goals modulate imitative congruency 

effects between own and others’ lower-level movement goals. To this end, we conducted two 

conceptual replications of the study by Ondobaka et al. (2012) in which we manipulated 

imitative congruency relations between the actions of two co-actors at the level of their 

individual action and movement goals. Second, building on previous indications that joint task 

goals reserve a dedicated role for coordinating co-actors’ individual contributions to a social 

interaction, we further asked whether and how joint as opposed to individual task goals add to 

the hierarchical control of imitative response tendencies in social interactions. To do so, in both 

experiments, we further instructed different groups of participants to either work towards 

individual or joint task goals, testing whether joint task goals might further modulate imitative 

congruency effects between co-actors action and movement goals.   

In two experiments, participants performed a sequential target selection task together with 

a virtual partner, modelled after Ondobaka et al. (2012). On each trial, participants first 

observed a virtual partner (in the following referred to as the co-actor) selecting the higher or 

the lower of two playing cards (Experiment 1) or line drawings (Experiment 2) and where 

required to select one of two playing cards or line drawings themselves in response. Participants 

target selection was based on condition specific task instructions that required participants to 

select either the higher or the lower of their targets respectively (we refer to this as participants’ 

action goal). Participant’s and their co-actor’s action targets were presented side by side, and 
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participants selected their respective target on a given trial by pressing a left or a right key on 

their keyboard to select the left or the right of their targets respectively (we refer to this as 

participants’ movement goal). In both experiments, we manipulated imitative congruency 

between co-actors’ action goals (i.e., whether participants had to select the higher or the lower 

of their targets after observing their co-actor selecting the higher or lower of their targets) and 

between co-actors’ movement goals (i.e., whether participants had to select the left or the right 

of their targets after observing their co-actor selecting the left or the right of their targets) 

Deviating from the original study by Ondobaka et al. (2012), congruency between co-

actors’ action goals was manipulated between- rather than within-subjects to rule out possible 

conflict or carry over effects between the different task instructions. Moreover, presenting the 

targets of both co-actors side by side deviates from the studies by Cole et al. (2018) Janczyk et 

al. (2016) and Ondobaka et al. (2012) in which co-actors’ action targets were presented opposite 

to each other, so that the their absolute spatial locations overlapped. In these setups, imitative 

congruency effects at the level of co-actors movement goals (e.g., faster selection of left targets 

after observing one’s partner responding to their left compared to their right target) have been 

attributed to effects of attentional disengagement from target locations cued by previous partner 

responses (referred to as social inhibition of return, see Cole et al., 2019 for review). By 

presenting co-actors’ action targets side by side, our setup eliminates spatial overlap between 

co-actors’ absolute target locations, ensuring that imitative congruency effects between co-

actors’  movement goals can be attributed to automatic imitation (which are the focus of the 

present study) rather than to purely attentional mechanisms. 

Crucially, further extending the experimental design by Ondobaka et al. (2012), task 

instructions for selecting an action target on a given trial was manipulated between two differed 

groups of participants (we refer to this as participants’ task goal). While one group of 

participants was explicitly instructed to always match or mismatch the action goal of their co-

actor by selecting the higher or the lower of their targets (individual task goal condition), 
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another group of participants was instead instructed to complement the card selection of their 

co-actor to achieve a joint outcome that specified specific relations between their individually 

selected action targets  (joint task goal condition).  

Based on previous research by Ondobaka et al. (2012, 2013), for the individual task goal 

condition, we expected to find imitative congruency effects at the level of co-actors’ individual 

action goals as well as at the level of their lower-level movement goals. More specifically, in 

line with the idea of an hierarchical control mechanism for imitative behaviour, congruency 

relations between co-actors’ individual action goals should modulate imitative congruency 

effects between co-actors’ movement goals. Furthermore, based on research suggesting a 

dedicated role of joint task goals in modulating imitative response tendencies in social 

interactions, we tested whether imitative congruency effects between co-actors’ individual 

action and movement goals would be further modulated by the joint task goal to complement 

another person’s action in the service of a joint goal. In particular, based on the idea that joint 

task goals modulate the impact of individual action and movement goals on imitative behaviour, 

we hypothesized that imitative congruency effects at the level of co-actors’ individual action 

and movement goals would be reduced or even absent in the joint task goal condition.  

4.1.2. Experiment 1 

 Methods  

Transparency and openness. Data for Experiment 1 was collected in April 2023. Raw 

data, analysis scripts, stimuli, and experiment scripts are accessible in an Open Science 

Framework project repository 

(https://osf.io/wc96q/?view_only=dd5091015d744e81a0295afdb0050d49). The study design, 

hypotheses, sampling plan and data exclusion criteria were preregistered in the Open Science 

Framework. The preregistration is accessible under 

https://osf.io/5dn47/?view_only=04880f3bbccf4e3ba8c7bda9f5eca11f. 

C
E

U
eT

D
C

ol
le

ct
io

n



79 

 

Participants. Two considerations determined our target sample size. First, we powered 

the experiment to replicate the action goal congruency effect reported by Ondobaka et al. (2012) 

in a between-subjects design. Therefore, Experiment 1 was powered to detect a medium to large 

sized effect of d = 0.6 in a two-samples t-test with 80% power at an alpha level of .05 (two-

tailed). Conducting an a priori power analysis in G*Power (Faul et al., 2007) with these input 

parameters, we calculated a minimum sample size of 45 participants per group. Note that 45 

participants per group also yields sufficient power to detect a crossed interaction pattern 

between action and movement goal congruency in our experimental design (see simulation 

results by Brysbaert, 2019). Second, since we were not aware of any published research that 

could guide power calculations for a possible modulation of imitation effects between the 

individual and the joint task goal condition, we decided to adopt the above number of 

participants per group for the joint task goal condition as well, leading to a total target sample 

size of  N =180. Conducting a sensitivity analysis in G*Power showed that this sample size 

would be sufficient to detect an interaction effect between the two between-subjects factors in 

our design of d = 0.42 with 80% power at an alpha level of .05. To account for potential 

exclusion of participants, we eventually decided to collect data from 200 participants, split into 

50 participants per group of our 2 x 2 between-subjects experimental design (see below). Data 

of eight participants were removed (see preregistered exclusion criteria), so that our final 

sample size included N = 192 participants (mean age = 30.8, SD = 9.2; 49 % female, 51 % 

male). Participants were recruited on Prolific (https://www.prolific.com). All participants had 

normal or corrected-to-normal vision and hearing and were fluent in English. All participants 

gave written informed consent and received monetary compensation for their participation (2 

GBP for a total duration of approx. 12 minutes). Ethical approval for the study was granted by 

the Psychological Research Ethics Board (PREBO) of Central European University. 
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Stimuli and apparatus. Participants completed the experiment online in a browser on 

their own personal computer. Experiment files and data were stored on a commercial server 

provider for psychological experiments (https://www.pavlovia.org). Stimuli presentation and 

response recording was controlled by a custom made script written in the jsPsych JavaScript 

framework (de Leeuw et al., 2023). 

Participants were presented with four horizontally aligned playing cards, displayed 

against a green background (see Figure 4-1). The cards were drawn from a subset of a standard 

card deck comprising the numerical card values of the clubs’ suit in the range from two to nine. 

Two of the cards were assigned to a virtual partner and were presented on the left half of the 

screen. They always showed one out of six possible card combinations from the card set, 

containing card values in the range from three to eight with a numerical distance between cards 

larger than two (i.e., [3|6],  [3|7], [3|8], [4|7], [4|8], [5|8]). The other two cards were assigned to 

Figure 4-1. Trial timeline and stimuli example for Experiment 1. In the individual task goal 

condition, participants were instructed to either match or mismatch the card selection of their 

co-actor (indicated by the red frame) by selecting the higher or the lower of their cards. I.e., in 

the example above, half of the participants had to select the higher of their cards (clubs nine) 

while the other half had to select the lower of their cards (clubs seven) after observing their co-

actor selecting the higher of their cards (clubs eight). In the joint task goal condition, 

participants were instead instructed to select one of their cards that complemented an ascending 

or a descending number sequences together with the card selected by their co-actor. Here, one 

half of the participants was instructed to complement an ascending sequence when their partner 

selected the higher of their cards and to complement a descending sequence when their partner 

selected the lower of their cards (i.e., selecting clubs nine as the successor of clubs eight in the 

example above), while the other half was instructed to complement an ascending sequence 

when their partner selected the lower of their cards and to complement a descending sequence 

when their partner selected the higher of their cards (i.e., selecting clubs seven as the 

predecessor of clubs eight in the example above). Note that selecting the correct card in each 

condition could require participants to select the card at the same or the opposite relative spatial 

position as their co-actor (i.e., selecting the left or the right of their cards after the co-actor 

selected the left of their cards).  
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the participants and were presented on the right half of the screen. Importantly, they always 

showed the next higher and the next lower card value relative to the card selected by the co-

actor on a given trial (e.g., if the co-actor selects clubs’ eight, the two cards of the participants 

were clubs’ seven and clubs’ nine). Participants selected the left or the right of their assigned 

cards by pressing the “c” (left) and the “m” (right) key on their keyboard respectively. Figure 

4-1 depicts an example arrangement of the four playing cards on an individual trial. 

Procedure and design. Each trial started with the presentation of all four playing cards 

faced down. Participants started a trial by pressing the space bar. First, the two cards of the co-

actor were revealed. After a variable delay (1000 ms - 1500 ms), one of the co-actor’s cards 

was highlighted with a red frame that indicated their card selection and the two cards of the 

participant were revealed. Participants then had to select one of their cards as quickly as possible 

within a maximum response window of 2500 ms. If participants gave a response, their selected 

card was highlighted by a red frame for 500 ms and participants received feedback (displayed 

for 2000 ms) informing them whether they had selected the correct card (“correct”), the wrong 

card (“error”) or had failed to respond within the response window (“too slow”). The next trial 

started after a blank screen displayed for 500ms. The trial sequence is illustrated in Figure 4-1.  

The rule that specified which card participants had to select on a given trial differed 

between four experimental groups. In the individual task goal condition, participants were 

instructed to always “match” or to always “mismatch” the card selection of the co-actor by 

selecting the higher or the lower of their cards. Thus, half of the participants in the individual 

task goal condition had to adopt the same (i.e., congruent) action goal as the co-actor (e.g., if 

the co-actor selected the higher of their cards, participants had to select the higher of their cards 

too) while the other half had to adopt the opposite (i.e., incongruent) action goals as the co-

actor (e.g., if the co-actor selected the higher of their cards, participants had to select the lower 

of their cards instead).  
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In contrast, in the joint task goal condition, participants were instructed to complement 

the card selection of the co-actor by selecting one of their cards that completed an ascending or 

a descending number sequences together with the card selected by the co-actor. In particular, 

half of the participants in the joint task goal condition were instructed to complement an 

ascending number sequence when the co-actor selected the higher of their cards and to complete 

a descending number sequence when the co-actor selected the lower of their cards. The other 

half of participants in the joint task goal condition was instead instructed to complete an 

ascending number sequence when the co-actor selected the lower of their cards (e.g. if the co-

actor selects the clubs three card, participants had to select the clubs four card) and to complete 

a descending number sequence when the co-actor selected the higher of their cards (see Figure 

4-1 for examples)17.  

Importantly, the instructions for the two groups in the joint task goal conditions ensured 

that one group had to select the higher (or lower) of their cards when the co-actor selected the 

higher (or the lower) of their cards, while the other group had to select the higher (or lower) of 

their cards when the co-actor selected the lower (or higher) of their cards. Thus, although not 

relevant for performing the task as instructed, participants in the joint task goal condition had 

to select one of their cards by implicitly adopting the same (i.e., congruent) or opposite (i.e., 

incongruent) action goal as the co-actor. As such, the individual and the joint task goal condition 

were procedurally and perceptually identical and only differed in terms of either explicitly 

emphasizing participants’ individual action goals (selecting the higher or the lower of their 

cards) or rather emphasizing co-actors’ joint goal (complementing the card selection of the co-

actor to build ascending or a descending number sequences).18 In addition, to highlight the joint 

 
17 Note that the two cards of the participant always showed the next higher and the next 

lower card compared to the card selected by the co-actor. This ensured that selecting one of the 

two cards completes an ascending card sequence while selecting the other card completes a 

descending number sequence.    
18 Note that, as such, participants could have principally performed the individual task 

goal condition by following the instructions of the joint task goal condition and vice versa. As 
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outcome of co-actors’ individual card selections, only the selected card of the partner and the 

selected card of the participant remained on screen during feedback display in the joint task 

goal condition, while in the individual task goal conditions all four cards remained on screen 

until the end of the trial.   

For all experimental groups, congruency between movement goals was manipulated by 

varying the relative spatial position of the assigned cards, so that selecting the correct card on 

a given trial required participants to select either the left or the right of their cards after 

observing their co-actor selecting the left or the right of their cards respectively.  

Thus, the study had a 2 (Task Goal: Individual vs. Joint) × 2 (Action Goal Congruency:  

Congruent vs. Incongruent) × 2 (Movement Goal Congruency: Congruent vs. Incongruent) 

mixed factorial design, with Task Goal and Action Goal Congruency manipulated between and 

Movement Goal Congruency manipulated within subjects. After going through a self-paced 

instruction phase explaining the trial structure and the condition specific card selection rules, 

participants performed eight training trials that were randomly drawn from a set of forty-eight 

possible card arrangements (counterbalanced for Movement Goal Congruency). If participants 

responded correctly on more than four trials during training19, they proceeded to the main part 

of the experiment and performed forty-eight test trials in their assigned experimental condition 

appearing in fully randomized order (Movement Goal Congruency was counterbalanced across 

trials).  

Data analysis. Training trials were excluded from analysis. Test trials with response 

omissions were removed prior to analysis (0.9% of all trials). For the remaining test trials, error 

rates (ER, relative frequency of wrong card selections) and response times for correct responses 

 

this design feature makes carry over effects between different blocks manipulating Task Goal 

within subjects highly likely, Task Goal was manipulated as a between-subjects factor. 
19 In both experiments reported, participants with inadequate training performance had to 

quit the experiment and were compensated with 1 GBP for their time spent on the study. The 

final sample size only included participants who completed the whole experiment.  
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(RTs) were analysed by means of separate 2 (Task Goal: Individual vs. Joint) × 2 (Action Goal 

Congruency: Congruent vs. Incongruent) × 2 (Movement Goal Congruency: Congruent vs. 

Incongruent) mixed ANOVAs with Task Goal and Action Goal Congruency as between-

subjects factors and Movement Goal Congruency as within-subjects factor. For all inference 

statistical analysis, the alpha level was set to .05. Significant interactions were followed up by 

analysis of simple main effects that were Bonferroni corrected for multiple comparisons.  

To supplement the results of our preregistered frequentist analysis, we also conducted an 

exploratory Bayesian ANOVA using JASP (JASP Team, 2024). This allowed us to calculate 

Bayes factors to assess the relative evidence in the data for different factor models. To quantify 

the evidence for individual main and interaction effects of the design factors, we report model-

averaged inclusion Bayes factors (BFInclusion), which measure the strength of evidence for 

including a particular factor or interaction in a model compared to models where that factor or 

interaction is excluded (see van den Bergh et al., 2020). Additionally, we calculated Bayes 

factors for individual model comparisons, assessing the relative evidence for different 

combinations of factors in explaining participants’ performance. Therefore, we report Bayes 

factors (BF01) quantifying the relative evidence of individual factor models against the best 

fitting model of our design factors (cf. van den Bergh et al., 2020). We used the default 

specification of prior distributions for parameter values in each model offered in JASP (cf. van 

den Bergh et al., 2020) set to its default options (r scale for fixed effects = .5). To assess the 

robustness of the results, we repeated the analysis with two different prior specifications (r scale 

for fixed effects = .2 and r scale for fixed effects = .8). Prior probabilities for individual models 

were drawn from a uniform distribution.  
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Results 

The results of the RT analysis of Experiment 1 is depicted in Figure 4-2.  

The RT analysis revealed a significant main effect of Action Goal Congruency, F(1, 188) 

= 23.1, p <  .001, ηp
2 = .11, BFInclusion = 3413.9, with faster RTs for participants in the action 

goal congruent (mean = 1008 ms, 95% CI [965 ms, 1050 ms]) compared to the action goal 

incongruent conditions (mean = 1156ms, 95% CI [1113 ms, 1200 ms]). Importantly, the 

interaction between Action Goal Congruency and Task Goal was non-significant (F < 1, 

BFInclusion = 0.527), thus providing no evidence that the main effect of Action Goal Congruency 

was moderated by participants’ Task Goal (Individual vs. Joint). Yet, results showed a 

significant interaction between Action Goal Congruency and Movement Goal Congruency, F(1, 

188) = 10.1, p = .002, ηp
2 = .05, BFInclusion = 14.43. Follow-up analysis showed that this 

interaction was driven by faster RTs in movement goal congruent trials (mean = 998 ms, 95% 

Figure 4-2. Mean response times in Experiment 1 as a function of Task Goal, 

Individual Goal Congruency and Response Congruency. Error bars represent standard 

errors of the mean (SEM) corrected for within subjects designs (Morey, 2008). 

Asterisks mark simple main effects between factor levels reaching significance after 

Bonferroni-correcting alpha levels for multiple comparisons. *** p < .001, ** p < .01. 
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CI [988 ms, 1009 ms]20) compared to movement goal incongruent trials (mean = 1017 ms, 95% 

CI [1007 ms, 1028 ms]) when co-actors’ action goals were congruent to each other, F(1,97) = 

6.17, pBonf = .04 , ηp
2 = .06, and descriptively slower RTs in movement goal congruent trials 

(mean = 1168 ms, 95% CI [1154 ms, 1182 ms]) compared to movement goal incongruent trials 

(mean = 1147 ms, 95% CI [1133 ms, 1160 ms]) when co-actors’ action goals where incongruent 

to each other, F(1,93) = 4.45, pBonf = .08 , ηp
2 = .05. The absence of a significant three-way 

interaction between Action Goal Congruency, Movement Goal Congruency and Task Goal (F 

< 1, BFInclusion = 0.319), showed no evidence that this interaction pattern was moderated by 

participants’ Task Goal (Individual vs. Joint). All other effects were non-significant (all F < 1). 

In line with the frequentist analysis, Bayesian model comparison revealed that the factor 

model including main effects of Action and Movement Goal Congruency as well as their 

interaction provided the best fit to the data (BFM = 9.2). Importantly, this model was preferred 

over the model that further included the interaction between Task Goal and Action Goal 

Congruency (BF01 = 3.96), quantifying substantial evidence against a moderating influence of 

Task Goal on the effect of Action Goal Congruency. Similarly, the model including only main 

effects for Action and Movement Goal Congruency as well as their interaction, was strongly 

preferred over the model that included further interactions up to the three-way interaction 

between all design factors (BF01 = 91.89), thus quantifying strong evidence that the interaction 

pattern between Action and Movement Goal Congruency was not moderated by participants’ 

Task Goal. A table with all Bayesian model comparisons is presented in Appendix C1. Using 

different prior specifications for parameter values in each model produced qualitatively similar 

result patterns (result tables for Bayesian model comparisons with different prior options can 

be found in the supplement).  

 
20 Confidence intervals for within-subjects contrasts are adjusted for within-subjects 

designs (Morey, 2008).  
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Results of the ER analysis were largely congruent with the RT analysis and there was no 

indication for a speed-accuracy trade-off. The detailed results of the ER analysis are presented 

in Appendix C1.  

Discussion  

The results of Experiment 1 revealed three main findings. First, we found an imitative 

congruency effect at the level of co-actors’ action goals: Participants responded faster if their 

action goal (selecting the higher or the lower of their cards) was congruent (vs. incongruent) to 

the action goal of their co-actor. Second, we found a significant interaction between action and 

movement goal congruency: Congruent (vs. incongruent) movement goals (e.g. participants 

selecting their left card after the co-actor selected their left card) only led to faster responses 

when co-actors action goals were congruent but not when they were incongruent to each other. 

These two findings replicate those of Ondobaka et al. (2012) and support the notion that 

imitative response tendencies are primarily determined by congruency relations between co-

actors’ higher-level action goals which modulate the influence of congruency relations between 

co-actors’ lower-level movement goals. Thus, our findings support goal-directed theories of 

imitation by showing that interpretations of observed actions in terms of their higher-level 

action goals modulate imitative congruency effects between lower-level representations of own 

and others’ actions.   

Third, however, we found no evidence that the effects of action and movement goal 

congruency were dependent on participants’ task goal to either match or mismatch the card 

selection of the co-actor (individual task goal condition) or to complement the card selection of 

the co-actor to achieve a joint goal (joint task goal condition). More specifically, we found no 

indications that instructing participants to complement the card selection of their co-actor to 

achieve a joint outcome helped participants to overcome effects of imitative congruency 

between their own and their co-actor’s individual action and movement goals. This finding 
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speaks against the hypothesis that joint task goals add to the hierarchical control of imitation 

by modulating imitative congruency effects between co-actors’ individual action and/or 

movement goals.  

Yet, it is possible that the missing influence of task goal instructions on imitative 

congruency effects in Experiment 1 could be explained by overall task difficulty in the joint 

task goal condition. In particular, we reasoned that participants in the joint task goal condition 

could have faced difficulties implementing the task instructions to build ascending and 

descending number sequences together with their co-actor and reverted to perform the task with 

the individual task goal of matching or mismatching the card selection of their co-actors instead. 

Reconceptualization of task goals in the face of increasing task difficulty is a central assumption 

of action identification theory which suggests that increasing difficulties to perform an action 

under a current task conceptualization leads people to conceptualize their task in alternative 

ways that ensure more efficient performance (Vallacher & Wegner, 1987, 2012).  

Based on this speculation, we conducted a second experiment, closely replicating 

Experiment 1 with a different set of stimuli as action targets, that should reduce overall task 

difficulty and hence might facilitate participants’ encoding of their joint goal in the joint task 

goal condition.  

4.1.3. Experiment 2 

Experiment 2 provided a close replication of Experiment 1 with a different set of target 

stimuli: Instead of playing cards with different numerical values, participants and their co-actor 

selected between line drawings that differed in their relative height. While Experiment 1 

required participants to process abstract symbolic information to discriminate between action 

targets (numerical differences between symbolic card values), target selection in Experiment 2 

required participants to process concrete perceptual information instead (perceptual height 

differences between line drawings). Thus, action selection in Experiment 2 could build on 
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modal representations of target stimuli which are thought to be processed more efficiently in 

contrast to amodal representations involved in the processing of more abstract symbolic 

information (Kaup et al., 2024).  

Changing the modality of stimulus representations should thus enable more efficient 

processing of magnitude relations between action targets, lowering overall task difficulty in 

Experiment 2 compared to Experiment 1. We hypothesized that this might help participants in 

the joint task goal condition to select their targets in relation to the joint task goal of 

complementing their co-actors target selection, which could make possible modulations of joint 

task goals on imitative congruency effects more pronounced.  

Methods  

Transparency and openness. Data for Experiment 2 was collected in April 2023. Raw 

data, analysis scripts, stimuli, and experiment scripts are accessible in the Open Science 

Framework project repository referred to above. Hypotheses, study design, sampling and 

analysis plan of Experiment 2 were identical to Experiment 1, thus following the same 

preregistration protocol referred to above.  

Participants. A new sample of 200 Prolific users took part in Experiment 2, randomly 

assigned to the same experimental conditions as in Experiment 1. From this sample, twelve 

participants met the preregistered exclusion criteria and were dropped from analysis, leading to 

a final sample size of N = 188 (mean age = 28.3, SD = 8.0; 36 % female, 64 % male). 

Stimuli and apparatus. In Experiment 2, instead of playing cards, participants were 

presented with four horizontally aligned line drawings (see Figure 4-3). The line drawings were 

drawn from a set of eight line drawings with equal width but different relative heights. From 

the lowest to the highest line drawing of the stimulus set, line height increased by one unit equal 

to the size of the lowest line. From this set, two lines were assigned to the co-actor and were 

presented on the left half of the screen. They always depicted one out of six possible line 
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combinations from the stimulus set containing only lines from the second lowest to the second 

highest and only those line combinations with a height difference of at least two units equal to 

the height of the lowest line. The other two lines were assigned to the participants and were 

presented on the right half of the screen. Importantly, they always showed the next higher and 

the next lower line relative to the line selected by the co-actor on a given trial. Participants 

selected the left or the right of their assigned lines by pressing the “c” (left) and “m” (right) key 

on their keyboard respectively. Figure 4-3 depicts an example arrangement of the four line 

drawings on an individual trial. 

Procedure and design. The procedure and design of Experiment 2 were identical to that 

of Experiment 1, despite the following differences. At the beginning of each trial, two grey 

boxes covered the lines assigned to the participant and their co-actor. After starting a trial by 

pressing the space bar, the left box disappeared and revealed the two lines of the co-actor. The 

co-actor’s selection was indicated by a red frame surrounding one of their lines appearing 750 

ms to 1250 ms after stimulus onset. Together with the selection of the co-actor, the right box 

disappeared and revealed the two lines assigned to the participant. Participants then had up to 

2000 ms to select one of their lines. Timing of response feedback was identical to Experiment 

1. The trial procedure is depicted in Figure 4-3. 

Parallel to Experiment 1, the rule that specified which line participants had to select on a 

given trial differed between four experimental groups. In the individual task goal condition, one 

Figure 4-3. Trial timeline and stimuli example for Experiment 2. Task instructions for the 

different experimental conditions were analogous to those of Experiment 1.  
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group of participants was instructed to always “match”, while another group of participants was 

instructed to always “mismatch” the line selection of the co-actor by selecting the higher or the 

lower of their lines. In the joint task goal condition on the other hand, one group of participants 

was instructed to select the line that produced an ascending (a descending) sequence with the 

line selected by the co-actor when the co-actor selected the higher (the lower) of their lines, 

while another group of participants was instructed to select the line that produced an ascending 

(a descending) sequence with the line selected by the co-actors when the co-actor selected the 

lower (the higher) of their lines. As in Experiment 1, in all four groups, selecting the correct 

line could require participants to adopt the same (congruent) or the opposite (incongruent) 

movement goal as the co-actor (i.e., selecting the left or the right of their lines). Thus 

Experiment 2 had the same 2 (Task Goal: Individual vs. Joint) × 2 (Action Goal Congruency: 

Congruent vs. Incongruent) × 2 (Movement Goal Congruency: Congruent vs. Incongruent) 

mixed factorial design as Experiment 1, with Task Goal and Action Goal Congruency 

manipulated between and Movement Goal Congruency manipulated within subjects.  

Data analysis. The data analysis procedure was identical to Experiment 1. 1.2 % of all 

trials in the test phase were removed due to response omissions. 
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 Results  

The results of the RT analysis of Experiment 2 is depicted in Figure 4-4.  

Analysis of participants’ RTs revealed a significant main effect of Action Goal 

Congruency, F(1, 184) = 33.7, p < .001, ηp
2 = .15, BFInclusion = 207687, with faster RTs in the 

congruent action goal (mean = 803 ms, 95% CI [771 ms, 836 ms]) compared to the incongruent 

action goal conditions (mean = 942 ms, 95% CI [907 ms, 976 ms]). Yet, as in Experiment 1 the 

interaction between Action Goal Congruency and Task Goal was still off statistical 

significance, F(1, 184) = 3.11, p = .08, ηp
2 = .02, BFInclusion = 0.81, indicating no conclusive 

evidence for a moderating effect of Task Goal on the Action Goal Congruency effect. If 

anything, the RT difference between the action goal congruent and action goal incongruent 

conditions was descriptively larger in the Joint Task Goal condition (absolute mean difference 

= 181 ms, 95% CI [86.4 ms, 259 ms])  compared to the Individual Task Goal condition (absolute 

mean difference = 96.4 ms, 95% CI [2.31 ms, 191 ms]). Yet, similar to Experiment 1, results 

Figure 4-4. Response times in Experiment 2 as a function of Task, Inter-Individual Goal 

Congruency and Inter-Individual Response Congruency. Error bars represent standard errors 

of the mean (SEM) corrected for within subjects designs (Morey, 2008). Asterisks mark 

simple main effects between factor levels reaching significance after Bonferroni correcting 

alpha levels for multiple comparisons. *** p < .001, ** p < .01. 
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of Experiment 2 showed a significant interaction effect between Action Goal Congruency and 

Movement Goal Congruency, F(1, 184) = 76.9, p < .001, ηp
2 = .29, BFInclusion = 4.4 × 1012. 

Follow-up analysis of simple main effects showed that this interaction was due to a significant 

effect of Movement Goal Congruency in the Action Goal Congruent conditions, F(1,96) = 51.4, 

pBonf < .001 , ηp
2 = .35, with faster RTs in trials with congruent movement goals (mean = 777 

ms, 95% CI [766 ms, 787 ms]) compared to incongruent movement goals (mean = 830 ms, 95% 

CI [819ms, 840ms]) and a significant but reversed effect of Movement Goal Congruency in the 

Action Goal Incongruent conditions, F(1,90) = 27.9, pBonf < .001 , ηp
2 = .24, with slower RTs in 

trials with congruent movement goals (mean = 961 ms, 95% CI [951 ms, 971 ms]) compared 

to incongruent movement goals (mean = 922 ms, 95% CI [912 ms, 932 ms]). The interaction 

between Action and Movement Goal Congruency was not further qualified by Task Goal (F < 

1, BFInclusion = 0.278 for the three-way interaction term).  

In line with the frequentist analysis, Bayesian model comparison revealed that the factor 

model including main effects of Action and Movement Goal Congruency as well as their 

interaction provided the best fit to the data (BFM = 11.8). This model was favoured over the 

model that further included the interaction between Task Goal and Action Goal Congruency 

(BF01 = 1.91), indicating weak evidence against a moderating influence of Task Goal on the 

Action Goal Congruency effect. The best fitting model was also favoured over the model that 

included all further interactions up to the three-way interaction between all three design factors 

(BF01 = 25.8), indicating strong evidence against the hypothesis that the interaction between 

Action and Movement Goal Congruency was further moderated by participants Task Goal. A 

table with all Bayesian model comparisons is presented in Appendix C2. Using different prior 

specifications for parameter values in each model produced qualitatively similar result patterns 

(result tables for Bayesian model comparisons with different prior options can be found in the 

supplement).  
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Results of the ER analysis were largely congruent with the RT analysis. Yet, besides a 

significant main effect of Action Goal Congruency, F(1, 184) = 8.51, p = .004, ηp
2 = .044 , and 

a significant interaction between Action Goal Congruency and Movement Goal Congruency, 

F(1, 184) = 16.6, p < .001, ηp
2 = .083, we also found a significant main effect of Task Goal, 

F(1, 184) = 4.56, p = .034, ηp
2 = .024, which was driven by higher error rates in the joint (mean 

= 4.7 %, 95% CI [3.9 %, 5.5 %]) compared to the individual task goal condition (mean = 3.4 

%, 95% CI [2.6 %, 4.3 %]). The detailed results of the ER analysis are presented in Appendix 

C2.  

 Comparison between experiments 

To evaluate whether the novel stimuli set used in Experiment 2 had the intended effect to 

enhance overall task performance compared to Experiment 1, we compared participants’ 

average RTs and ERs between Experiment 1 and Experiment 2 by means of independent 

samples t-tests. RTs were significantly faster in Experiment 2 (mean = 870 ms, 95% CI [852 

ms, 889 ms])  compared to Experiment 1 (mean = 1081 ms, 95% CI [1058 ms, 1104 ms]), t(387) 

= 10.1, p < .001, d = 1.04. Comparing ERs between Experiment 1 (mean = 3.3 %, 95 % CI [2.8 

%, 3.8 %]) and Experiment 2 (mean = 4.1 %, 95 % CI [3.5 %, 4.6 %]) showed no significant 

difference, t(387) = 1.93, p = .054, d = 0.20. 

 Discussion 

The results of Experiment 2 replicated the findings of Experiment 1 in a modified version 

of our task that involved perceptual rather than conceptual discrimination of action targets. We 

again found evidence for an imitative congruency effect at the level of action goals, which 

showed to modulate imitative congruency effects at the level of co-actors’ lower-level 

movement goals. Yet, although modifying the task compared to Experiment 1 enhanced overall 

task performance in Experiment 2, we still found no evidence for a modulatory effect of Joint 

vs. Individual Task Goal instructions on imitative congruency effects between co-actors’ 
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individual action and/or movement goals. Interestingly though, participants performing the task 

with the instruction to complement the card selection of their partner (Joint Task Goal 

condition) conducted more response errors than participants performing the task with the 

instruction to match/mismatch the individual action goal of their co-actor (Individual Task Goal 

condition). This finding seems to indicate that implementing the task instructions for selecting 

a response in the joint task goal condition appeared to be more difficult than selecting a response 

based on the instructions of the individual task goal condition.  

4.1.4. General Discussion 

In two experiments, we investigated whether and how higher-level goals to which own 

and others’ actions are individually or jointly directed modulate effects of imitative congruency 

between observed and self-executed contributions to a social interaction. More specifically, we 

asked 1) whether imitative congruency between co-actors’ individual action goals modulate 

imitative congruency effects between co-actors’ lower-level movement goals and 2) if acting 

towards joint as opposed to individual task goals ads to the control of imitative response 

tendencies in social interactions.  

Results of both experiments showed evidence for an imitative congruency effect at the 

level of co-actors’ action goals which was found to modulate the impact of imitative congruency 

between co-actors’ lower-level movement goals. Yet, our findings provided no evidence that 

instructing participants to act towards joint rather than individual task goals modulated imitative 

congruency effects any further. In the following, we will discuss the implications of these 

findings in more detail. 

Regarding our first question, our findings provide additional evidence that imitative 

congruency effects between own and others’ lower-level movement goals become modulated 

by congruency relations between own and others’ higher-level action goals. Thus, our findings 

replicate earlier evidence for an interaction between higher-level action and lower-level 
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movement goals in shaping imitative congruency effects in social interactions (Ondobaka et al., 

2012, 2013). As such, our findings contrast with recent findings by Cole et al. (2018) and 

Janczyk et al. (2016), who found no indications for a modulation of movement goal congruency 

effects by co-actors’ higher-level action goals. However, in their task setups effects of 

movement goal congruency can be explained by attentional mechanisms (social inhibition of 

return, see Cole et al., 2019), which was ruled out in the current study by presenting co-actors’ 

action targets side-by-side rather than opposing each other. This design choice ensured that 

effects of movement goal congruency in the current study can be attributed to automatic 

imitation of observed movement goals rather than to low-level attentional mechanisms. The 

contrasting findings between the current study and those of Cole et al. (2018) and Janczyk et 

al. (2016), could thus be explained by differing mechanisms that produce movement goal 

congruency effects in the respective task setups. This suggests the conclusion that automatic 

imitation of observed movement goals but not lower-level attentional mechanisms (i.e., social 

inhibition of return)  appear to be susceptible to modulations of co-actors’ higher-level action 

goals (but see, Schmitz et al., 2023). 

Noteworthy, we replicated the original finding by Ondobaka et al. (2012), despite using 

an online test setting with a virtual co-actor, manipulating action goal congruency between- 

rather than within-subjects, arranging action targets of co-actors’ side-by-side rather than 

opposite to each other, and deploying a novel set of stimuli that allow for fast perceptual 

discrimination between action targets. Taken together, our findings thus generalize those of 

Ondobaka et al. (2012) and corroborate the hypothesis of an hierarchical control mechanism 

for imitative response tendencies in which higher-level representations of own and others’ 

actions in terms of their individual action goals determine the influence of lower-level 

representations of own and others’ actions in terms of their movement goals (Ondobaka & 

Bekkering, 2012, 2013).  
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Concerning mechanistic theories of imitation, our findings thus question the automaticity 

of people’s tendency to imitate low-level movement features of observed actions (e.g., Heyes, 

2011; Rizzolatti et al., 2001). More specifically, our findings speak against the notion that 

imitation effects rely on direct matching between low-level movement features of observed and 

self-executed actions, but suggest that low-level perception-action links become flexibly 

adapted to current task demands (cf., van Schie et al., 2008). Instead, our findings support goal-

directed theories of imitation (Csibra, 2007; Wohlschläger et al., 2003) by showing that 

imitation effects are mainly determined by conceptual interpretations of own and others’ actions 

in terms of their higher-level action goals rather than by features of the concrete movements 

people choose to reach them.  

Turning to our second question, however, our study revealed no evidence that instructing 

participants to work towards joint rather than individual task goals further modulated imitative 

congruency effects emerging between co-actors’ individual action and/or movement goals. In 

particular, instructing participants to produce joint action outcomes by complementing their co-

actor target selection was not found to alter an evident tendency of participants to imitate the 

individual action goal of their co-actor, nor the modulating influence of action goal congruency 

on imitative congruency effects between co-actors’ movement goals. This finding is 

noteworthy, as performing the task in the joint task goal condition as instructed did not require 

participants explicitly to adopt the same or opposite individual action goal as the co-actor (i.e., 

selecting the higher or the lower of their targets) but to complement their co-actors’ target 

selection in the service of a joint goal instead (i.e., selecting the target that produces and 

ascending or descending sequence with the target elected by the co-actor). The finding of 

similar imitation effects between the individual and joint task goal condition thus seem to 

contrast with previous research reporting evidence for a modulating effect of joint task goals 

on imitative congruency effects between co-actors’ individual action contributions (Clarke et 

al., 2019; Rocca et al., 2023; Sacheli et al., 2018). This raises the question, why imitative 

C
E

U
eT

D
C

ol
le

ct
io

n



98 

 

congruency effects between co-actors’ individual action and movement goals remained present 

in the current study even when participants were instructed to pursue a joint task goal together 

with their co-actor. 

To explain modulations of imitative congruency effects by joint task goals, theories of 

joint action have suggested that representations of joint task goals lead co-actors to integrate 

separate representations of own and others’ individual action contributions into hierarchical 

joint action plans that also encode complementary relations between co-actors’ individual 

action contributions (Candidi et al., 2015; Marschner et al., 2024; Pesquita et al., 2018; Sacheli 

et al., 2018; Sebanz & Knoblich, 2021; Sinigaglia & Butterfill, 2022; Zapparoli et al., 2022). 

Our findings may thus indicate that participants in the joint task goal condition did not represent 

their own and their co-actors’ actions as complementary contributions to a joint goal they were 

pursuing together but rather as separate action contributions guided by individual action goals 

of selecting the higher or the lower of their targets instead. Although staying tentatively, we 

reason that this could be explained by specific task characteristics of the current study, 

imbalanced task demands between the individual and joint task goal condition or by a more 

general bias to encode own and others’ contributions to a joint action in terms of individual 

rather than joint goals.   

Regarding task characteristics, one limitation of the current study is that our task involved 

computer-based interaction with a virtual co-actor in an online test setting. Yet, it is possible 

that adoption of joint task goals and integration of own and others’ actions into hierarchical 

joint action plans guided by joint rather than individual goal representations requires real-life 

embodied interaction with human co-actors (cf., Ciardo et al., 2022; Sahaï et al., 2019 for 

empirical findings; but see Strasser, 2015, 2018 for discussion). Thus, although simulating an 

interactive task with a virtual, disembodied co-actor proved to produce significant imitation 

effects in the current study, it could have been insufficient to trigger further integration of own 

and others actions into hierarchical joint action plans. 
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Moreover, in the current task setup, participants were always required to adapt their 

actions to those of their co-actor but never vice versa. Arguably, this introduced a leader-

follower hierarchy to the task that prevented a need for mutual adaptation and common 

coordination requirements between both co-actors. Yet, mutual adaptation, common 

coordination requirements and egalitarian role distributions have been identified as critical task 

characteristics that lead co-actors to develop a sense of acting together as a group (Bolt et al., 

2016; Le Bars et al., 2020, 2022; Pacherie, 2014) or to feel truly engaged in a meaningful social 

interaction (Di Paolo & De Jaegher, 2012). It is thus possible that unidirectional coordination 

demands on site of the participants made them reluctant to adopt the instructed joint task goal 

of producing joint outcomes together with their co-actor and made them more likely to encode 

their own action contributions in terms of the individual task goal of matching or mismatching 

the card selection of their co-actor instead.  

Finally, another explanation for the presence of imitative congruency effects between co-

actors individual action and movement goals under both task goal instructions could be that 

implementation of the joint task goal instructions confronted participants with unnecessary high 

task demands that could be circumvented by adopting an individual task goal instead (i.e., 

matching or mismatching the action goal of the co-actor by selecting one’s higher or one’s 

lower target). As mentioned earlier, this interpretation would be supported by action 

identification theory (Vallacher & Wegner, 1985, 2012), proposing that people tend to 

conceptualize their actions in a given task context in a way that ensures most efficient task 

performance. Thus, participants in the joint task goal condition may have found it more easy to 

perform the task in an efficient way by discarding the joint task goal instruction of building 

ascending and descending target sequences and by adopting an individual task goal of matching 

or mismatching the target selection of their co-actors instead. This interpretation would also be 

in line with the finding of higher error rates in the joint compared to the individual task goal 
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condition in Experiment 2 which may reflect difficulties with initial or partial attempts to 

implement the instructions of the joint task goal conditions.21  

This interpretation would suggest that representing own and others’ contributions to a 

shared task as integrated complementary contributions towards a joint goal is not necessarily a 

default strategy for joint action planning but may be rather dependent on its utility for guiding 

efficient action performance in a given task context. Indeed, it has been proposed that joint 

action planning minimally requires co-actors to represent their joint goal as well as their own 

task contribution needed to achieve it while only being aware that the joint goal cannot be 

achieved by acting alone (Vesper et al., 2010). Such minimal joint action representations would 

thus not require that co-actors integrate representations of their own and their partners’ 

individual action contributions into more elaborated hierarchical joint action plans that encode 

complementary relations between co-actors’ individual task contributions. Yet, they might be 

often sufficient to guide efficient action performance in a given task. One possibility suggested 

by our findings could thus be that co-actors default to represent interactive tasks by means of 

action plans that remain limited on separate representations of their own and their partners’ 

individual action contributions (i.e., individual action or movement goals), while additional 

efforts to further represent complementary relations between individual action contributions of 

self and others into hierarchical joint action plans may become only engaged when beneficial 

for current task performance. A promising direction for future research on joint action planning 

could thus be to identify conditions and enabling factors that provoke co-actors to switch from 

action plans centred at individual action and movement goals to more elaborated hierarchical 

 
21 As suggested by an anonymous reviewer, an alternative explanation of this finding 

could be that the joint task goal condition could have led to a parallel activation of joint and 

individual goal representations (Sartori et al., 2015), increasing cognitive demands in the joint 

compared to the individual task goal condition. Note that this interpretation would also be in 

line with our suggestion that participants may have coped with increased cognitive demands in 

the joint task goal condition by adopting an individual task goal instead.  
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representations of joint action that also encode complementary relations between co-actors’ 

individual action and/or movement goals as well.  

Conclusion 

In summary, the present study provides complementing evidence that tendencies to 

imitate low-level movement features of observed actions are controlled by representations of 

own and others actions in terms of their higher-level individual action goals. Supporting goal-

directed theories of imitation, this finding indicates that interpretations of observed actions in 

terms of their higher-level action goals can overrule tendencies to imitate others’ low-level 

movement goas. Furthermore, our study indicates that instructions to pursue joint task goals to 

which observed and self-executed actions are collectively directed don’t seem to overrule 

imitative congruency effects between co-actors’ individual action and movement goals by 

default. This finding suggests that action planning in interactive task contexts might be 

dominated by action plans limited on co-actors’ individual action and/or movement goals while 

further integration of own and others actions into hierarchical joint action plans that also encode 

complementary relations between them may become only engaged when afforded by current 

task demands.  
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4.2. STUDY IV: Automatic imitation of individual action goals in 

interactive task settings 

4.2.1. Introduction 

Action observation is essential to navigate our social environment. It underlies our ability 

to learn from others (Bandura, 1986), to imitate their behaviours (Iacoboni et al., 1999) and to 

coordinate our own actions with them (Sebanz & Knoblich, 2009). Understanding the cognitive 

processes that underly the observation and interpretation of actions we observe in others is thus 

central to research on social cognition and social interaction. An important but unresolved 

question in these research areas concerns the role of the motor system in action observation 

(Csibra, 2007; Thompson et al., 2019; Wilson & Knoblich, 2005). Evidence shows that 

observing an action performed by another agent activates the observer’s own motor system in 

a similar way as if the observer would perform the observed action themselves (for a review 

see Rizzolatti & Sinigaglia, 2016), which creates a tendency to imitate the actions we observe 

in others (Cracco et al., 2018; Heyes, 2011). Discord arises regarding appropriate explanations 

of this imitative action tendency and to what degree it is susceptible to contextual modulations. 

Informing this debate, the current study contrasted accounts of imitation focusing on low-level 

sensorimotor associations (e.g., Heyes, 2011) with accounts promoting a central role of higher-

level action goals (e.g., Wohlschläger et al., 2003) to explain imitative action tendencies and 

link them to recent research investigating modulations of imitative action tendencies in joint 

action contexts (e.g., Clarke et al., 2019; McEllin et al., 2018; Sacheli et al., 2018).  

Associative vs. goal-directed accounts of imitation 

Theoretical explanations of imitative motor activation upon action observation can be 

classified into two opposing strands (c.f., Heyes, 2013). According to associative accounts of 

imitation (e.g., Brass & Heyes, 2005; Heyes, 2011; Iacoboni et al., 1999; Rizzolatti et al., 2001), 
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activation of corresponding motor representations upon action observation is the result of direct 

and stable excitatory connections between sensory and motoric representations of low-level 

movement features acquired through associative learning. Accordingly, these accounts propose 

that motor activation during action observation reflects an automatic and direct matching 

process between low-level sensory-motor representations that precedes any cognitively 

mediated interpretation of observed actions in terms of their goals.  

In contrast, goal-directed accounts of imitation (Gattis et al., 2002; Wohlschläger et al., 

2003) hold that activation of motor representations during action observation reflects predictive 

simulations of observed actions triggered by prior cognitive interpretations of the observed 

action in terms of their goals. These accounts assume that people first infer the most-likely goal 

of an observed action through cognitive processes outside the motor system. In a secondary 

step, the inferred goal is then thought to be forwarded to the observer’s motor system that 

outputs a simulation of motor commands the observer would execute to achieve the extracted 

goal themselves. In many cases, the resulting activation of the observer’s motor system is likely 

to match the motor commands the observed agent will perform to reach their goals, enabling 

accurate and timely predictions of how observed actions will unfold in space and time (Wilson 

& Knoblich, 2005; Wolpert et al., 2003). 

Associative and goal-directed accounts of imitation both hold that people tend to imitate 

low-level movement features of observed actions in cases where the goal to which the action is 

most likely directed is closely linked to a particular pattern of motor commands, like in simple 

intransitive (i.e., non-object-directed) actions22. However, the two accounts make diverging 

 
22 Many studies on imitative response tendencies measure observers’ responses to simple 

finger (Brass et al., 2000) or hand movements (Press et al., 2008) that lack a discernible purpose 

other than performing the movement per se. While such actions have been sometimes referred 

to as goal-less or non-goal directed actions (e.g., Chiavarino et al., 2013; Wild et al., 2010), we 

conceptualize such actions in the current paper as actions performed to reach a particular 

movement goal, describing physical features of the movements end state (e.g. “left finger up” 

or “hand open”).        

C
E

U
eT

D
C

ol
le

ct
io

n



104 

 

predictions concerning low-level movement imitation upon the observation of actions that are 

directed to higher-level goals that go beyond the mere realization of certain movement end 

states. Importantly, in these cases, the goal of an action can be represented at different, 

hierarchically nested levels of abstraction, ranging from low-level descriptions in terms of 

perceptual movement features and end states (e.g., reaching to the left; here referred to as 

movement goals), to higher-level descriptions in terms of the action’s functional outcomes (e.g., 

picking one of two objects; here referred to as action goals) (c.f., Grafton & Hamilton, 2007; 

Ondobaka & Bekkering, 2012). Whereas the achievement of a movement goal is typically 

linked to a specific pattern of motor commands, the mapping between higher-level action goals 

and specific motor commands is less precise, as higher-level action goals can be usually 

achieved by a variety of motor commands that may be more or less appropriate in a given 

situation. Thus, in contrast to associative accounts, goal-directed accounts of imitation claim 

that motor system activation upon action observation does not necessarily correspond to the 

lower-level movement features of the observed action but should depend on the higher-level 

goals the action is thought to achieve.  

Previous research has provided evidence supporting associative as well as goal-directed 

accounts of imitation. Support for associative accounts of imitation comes from studies on 

automatic imitation, showing that people tend to imitate observed movements even when they 

are irrelevant and interfere with one’s own ongoing behavior, (e.g., Brass et al., 2000; Kilner et 

al., 2003; Stürmer et al., 2000; see Cracco et al., 2018 and Heyes, 2011 for review). These 

studies indicate that imitation of observed movements occurs involuntarily and automatically, 

which is in line with the idea of direct matching between observed and self-executed movement 

features. Furthermore, studies have shown that prolonged sensorimotor learning can modulate 

the size and direction of automatic imitation effects (Catmur et al., 2008; Catmur & Heyes, 

2019; Cook et al., 2010; Heyes et al., 2005; Press et al., 2007). This indicates that involuntary 

tendencies to imitate observed movements are shaped by associative learning mechanisms.  
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Support for goal-directed accounts of imitation comes from studies assessing people’s 

behavior when explicitly instructed to imitate others’ actions. Here, studies have shown that 

when people are asked to imitate the action of another person, they are more likely to reproduce 

their higher-level action goal instead of the specific movements the person performed to reach 

it (Bekkering et al., 2000; Genschow et al., 2019; Leighton et al., 2010; Wohlschläger et al., 

2003).  

Interestingly, some studies further indicate that higher-level action goals also influences 

involuntary tendencies to imitate lower-level movement features of observed actions. In a 

seminal study, Ondobaka et al., (2012) found that people were only prone to imitate low-level 

movement features of another person when they were instructed to imitate their higher-level 

action goal, but not when being instructed to counter-imitate their higher-level action goal. In 

a recent replication of this study, we have further shown that instructions to counter-imitate 

another person’s higher-level action goal can even reverse tendencies to imitate low-level 

movement features (Marschner et al., 2025). Moreover, in both studies, people had a general 

performance advantage when their task required them to adopt the same rather than a different 

action goal as their task partner. Supporting goal-directed accounts of imitation, these findings 

indicate a hierarchical interplay between imitation of higher-level action goals and imitation of 

lower-level movement features, where higher-level action goals control the impact and 

direction of low-level movement imitation (Ondobaka & Bekkering, 2012, 2013).  

Imitative action tendencies in joint action contexts 

The question of whether and how higher-level action goals shape imitative action 

tendencies becomes especially important in research on joint action (see McEllin et al., 2018 

and Sebanz & Knoblich, 2021 for reviews). Joint actions refer to social interactions in which 

two or more people coordinate their actions in the service of a joint goal, i.e., social interactions 

structured around outcomes produced through coordinating action contributions of multiple co-
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actors (Butterfill, 2012; Sacheli et al., 2015; Sebanz et al., 2006). Crucially, for many joint 

actions, imitative action tendencies become detrimental for smooth interpersonal coordination, 

as joint action often requires co-actors to coordinate dissimilar yet complimentary actions to 

achieve their joint goals (Sartori & Betti, 2015). Interestingly, a number of recent studies has 

found that involuntary imitation of observed movements is indeed attenuated (Clarke et al., 

2019; Formica & Brass, 2024; Rocca et al., 2023; Schmitz et al., 2023) or even absent (Sacheli 

et al., 2018, 2019) when observed and self-executed actions are performed as interrelated 

contributions towards a joint action goal.  

These findings are in line with goal-directed accounts of imitation because they indicate 

that involuntary tendencies to imitate observed movements become modulated when the 

observed action is interpreted as a contribution towards a higher-level goal to be achieved 

together with one’s own action contribution. A possible explanation for this modulation is that 

representations of joint action goals lead co-actors to integrate separate representations of their 

own and their co-actors’ individual action contributions into a unified joint action plan that 

imposes relational constraints between individual action contributions that are constitutive for 

the achievement of the joint goal (Clarke et al., 2019; Sacheli et al., 2018; Sinigaglia & 

Butterfill, 2022; Zapparoli et al., 2022). According to this idea, interpreting observed actions as 

contributions to a joint goal should trigger complementary action representations that satisfy 

relational constrains between individual task contributions of self and others.   

The present research 

Against this background, the current study set out to further investigate whether and how 

imitative action tendencies become modulated by higher-level action goals. Our study was 

motivated by two primary aims. First, we assessed whether higher-level action goals of an 

interaction partner affect imitative action tendencies despite being irrelevant for selecting one’s 

own contributions to a shared task. Whereas previous studies showed that others’ higher-level 
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action goals influence imitative action tendencies when people are explicitly instructed to 

imitate or counter-imitate the action goal of a task partner (Marschner et al., 2025; Ondobaka 

et al., 2012), evidence that imitative action tendencies can also become modulate by task-

irrelevant action goals of others remains inconclusive so far. Whereas findings by Ondobaka et 

al. (2013) indicate that people tend to encode and imitate others’ higher-level action goals 

despite not being required to do so, a recent replication attempt by Cole et al. (2018) found no 

effects of task-irrelevant action goals on imitative action tendencies.  

Second, we aimed to further investigate the role of joint action goals in shaping imitative 

action tendencies in social interactions. Going beyond previous findings that representations of 

joint action goals can modulate involuntary tendencies to imitate lower-level movement 

features of observed actions (Clarke et al., 2019; Rocca et al., 2023; Sacheli et al., 2018), we 

asked whether joint action goals also shape imitative action tendencies that emerge between co-

actors’ individual-level action goals. Often, achieving a joint action goal (e.g., building a brick 

tower together with another person) does not only involve the coordination of different 

movements of both co-actors (e.g., grabbing and placing bricks at different locations and with 

different movement kinematics) but also the coordination of different higher-level action goals 

each co-actor achieves individually to contribute to the realization of the overarching joint 

action goal (e.g., selecting bricks of a different size or shape as one’s co-actor). Thus, joint 

action goals add another layer to the hierarchical representation of own and others’ actions. In 

this way, they may also shape how higher-level representations of own and others’ actions in 

terms of their individual-level action goals influence each other.  

To address these questions, we conducted three experiments using variations of 

Ondobaka et al.’s (2013) sequential card selection task. In all experiments, participants were 

paired with a virtual partner (in the following referred to as participant’s co-actor) and selected 

one of two playing cards based on an imperative cue after observing their co-actor selecting 

one of two playing cards themselves (see Figure 4-5).  
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To assess participants’ imitative action tendencies, we manipulated whether selecting the 

instructed card on a given round required participants to adopt either the same or the opposite 

action goal as their co-actor (selecting the higher or the lower of their cards) and whether that 

meant to adopt either the same or the opposite movement goal as their co-actor (selecting the 

left or the right of their cards). Crucially though, to select their own contribution to the task, 

participants were not required to encode their co-actor’s action goal nor their co-actor’s 

movement goal, rendering them both irrelevant for task performance. Instead, participants’ task 

contributions were instructed by an imperative cue. This allowed us to test whether participants 

Figure 4-5. Illustration of the experimental task and setup. Participants viewd four horizontally 

aligned playing cards differing in their numerical value. The two left cards were assigned to a 

virtual partner, the two right cards were assigned to the participant. At the beginning of a trial, 

participants first observed their virtual partner selecting one of their cards (indicated by the red 

frame) and where then required to select one of their own cards shortly after. The card to be 

selected by participants was instructed by an instructive cue presented in the centre of the 

screen. In the individual goal condition, the cue instructed participants to select either the higher 

(Ʌ) or the lower (V) of their cards (e.g., selecting the clubs seven as the smaller card 
relative to the clubs nine in the given example). In the joint goal condition the cue 
instructed participants to select the card that completed an ascending (Ʌ) or a descending 
(V) number sequence together with the card selected by their virtual partner (e.g., 
selecting the clubs seven as a predecessor of the clubs eight in the given example). 
Participant selected one of their cards by pressing a left (C) or a right (M) key on their 
keyboard corresponding to the location of the selected card. Crucially, in both the 
individual and the joint goal condition, selecting the correct card required participants 
implicitly to adopt either the same or the opposite action goal as their virtual partner (e.g., 
selecting one’s lower card after observing the partner selecting their higher card in the 
given example). At the same time, selecting the correct card also meant to adopt either 
the same or the opposite movement goal as their virtual partner (e.g., selecting one’s right 
card, after observing the partner selecting their left card in the given example).  
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would nevertheless show an involuntary tendency to imitate their co-actor’s action goal and/or 

their co-actor’s movement goal and how both tendencies might interact with each other. 

Following associative accounts of imitation, participants should be only affected by imitative 

congruency between their own and their co-actor’s low-level movement goals. In contrast, 

following goal-directed accounts of imitation, participants should be affected by imitative 

congruency between their own and their co-actor’s higher-level action goals instead, which 

should modulate participants’ involuntary tendencies to imitate their co-actor’s lower-level 

movement goals.  

To test whether joint action goals modulate imitative action tendencies, we manipulated 

the task instructions with regard to the interpretation of the imperative cue. One group of 

participants was instructed to pursue an individual action goal. Here participants responded to 

the imperative cue by selecting either the higher (Ʌ) or the lower (V) of their cards. In contrast, 

another group of participants was instructed to pursue a joint action goal together with their co-

actor. Here, participants responded to the imperative cue by selecting one of their cards that 

completed either an ascending  (Ʌ) or a descending (V) card sequence together with the card 

selected by their co-actor before. In contrast to participants receiving individual action goal 

instructions, participants receiving joint goal instructions were not required to encode their own 

task contribution in relation to an individual action goal of selecting the higher or the lower of 

their cards. Instead, they selected their cards in relation to the card selected by their partner to 

produce a joint outcome together that reflected specific relations between the outcomes of their 

individual task contributions. We hypothesized that participants receiving instructions to pursue 

a joint action goal with their co-actor, should be less pronounced to imitate their co-actor’s 

individual-level action goal compared to participants receiving instructions to pursue an 

individual action goal alone.  

Finally, across experiments, we varied when the instructive cue was presented. In 

Experiment 1, the instructive cue was presented after participants observed their co-actor 
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selecting one of their cards. In Experiment 2 and Experiment 3, the instructive cue was 

presented before the card selection of the co-actor. This allowed us to test whether possible 

imitation effects would be modulated by knowledge of individual or joint action goals at the 

time of observing their co-actor’s actions. 

4.2.2. Methods 

Participants 

In total, three samples consisting of 60 (Experiment 1), 60 (Experiment 2) and 214 

(Experiment 3) participants took part in the experiments. Our target sample size for all 

experiments were determined based on a priori power analysis.  

Experiment 1 and 2 were powered to detect an ordinal interaction effect of size f = 0.2 in 

a 2 x 2 mixed ANOVA with one between and one within-subjects factor with 80% power at an 

alpha level of .05. Conducting an a priori power analysis in G*Power with these input 

parameters, we calculated a required sample size of N = 52 participants for Experiment 1 and 

Experiment 2 respectively23. Expecting possible exclusion of participants due to our 

preregistered criteria, we decided to collect data from 60 participants for Experiment 1 and 

Experiment 2 respectively. Experiment 3 was powered to replicate an unexpected three-way 

interaction found in Experiment 2 with adequate follow-up tests (see preregistration protocol 

for details).  

Applying our preregistered exclusion criteria (see below), N = 59 participants were 

retained in Experiment 1 (mean age = 36.1, SD = 11.2; 40 % female, 60 % male), N = 60 in 

Experiment 2 (mean age = 38.2, SD = 10.7; 39 % female, 61 % male) and N = 209 in Experiment 

 
23 A subsequent sensitivity analysis showed that the estimated sample size for each 

between-subject group in Experiment 1 and 2 (i.e., 26 participants per group in each 

experiment) would also be sufficient to detect main effects and interaction contrasts of size f > 

0.57 in a 2 x 2 repeated measures ANOVA with two within-subjects factors. This showed that 

Experiment 1 and 2 should have been sufficiently powered to replicate earlier findings by 

Ondobaka et al. (2013), reporting effect sizes of f > 0.6 for these effects 
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3 (mean age = 36.9, SD = 11.5; 41 % female, 59 % male). All participants had normal or 

corrected-to-normal vision and hearing and reported to speak English as their first language. 

All participants gave written informed consent and received monetary compensation for their 

participation (2,25 GBP for a total duration of approx. 15 minutes). Ethical approval for the 

study was granted by an independent research ethics board. 

Stimuli and apparatus 

Participants completed the respective experiment online in a browser on their own 

personal computer. Experiment files and data were stored on a JATOS (Just Another Tool For 

Online Studies; Lange et al., 2015) server. Stimuli presentation and response recording was 

controlled by a custom made script written in the jsPsych JavaScript framework (de Leeuw et 

al., 2023). 

In all experiments, participants were presented with four horizontally aligned playing 

cards, displayed against a green background (see Figure 4-5). The cards were drawn from a 

subset of a standard card deck comprising the numerical card values of the clubs’ suit in the 

range from two to nine. Two of the cards were assigned to the virtual the co-actor and were 

presented on the left half of the screen. They always showed one out of six possible card 

combinations from the card set, containing card values in the range from three to eight with a 

numerical distance between cards larger than two (i.e., [3|6], [3|7], [3|8], [4|7], [4|8], [5|8]). The 

other two cards were assigned to the participants and were presented on the right half of the 

screen. Importantly, they always showed the next higher and the next lower card value relative 

to the card selected by the co-actor on a given trial (e.g., if the co-actor selects clubs’ eight, the 

two cards of the participants were clubs’ seven and clubs’ nine). Which of their cards 

participants had to select on a given round was instructed by one of two possible cues (V or Ʌ) 

printed in red, centrally presented between the two cards of the co-actor and the two cards 

assigned to participants. Participants selected one of their assigned cards by pressing the “C” 
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key for their left and the “M” key for their right card on their keyboard respectively. Figure 4-

5 depicts an example arrangement of the four playing cards on an individual trial. 

Procedure and design 

The trial time line for Experiment 1, 2, and 3 is depicted in Figure 4-6. In all experiments, 

each trial started with the presentation of all four playing cards faced down and participants 

started each trial manually by pressing their space bar. In Experiment 1, pressing the space bar 

first revealed the two cards of the co-actor, presented for a variable delay between 750 and 1250 

ms, which was followed by one of the two cards being highlighted with a red frame, reflecting 

the co-actor’s card selection. After a delay of 1000 ms, the two cards of participants were turned 

over, together with the presentation of the red cue, instructing participants which of their two 

cards to select on the given trial. Participants had up to 2500 ms to select one of their cards. If 

participants responded within this window, their selected card was highlighted with a red frame 

as well, followed after a delay of 500 ms by written feedback (“correct”, “error”, or “too slow” 

if participants failed to respond within the response window) displayed for 1500 ms until the 

end of the trial. The trial time line for Experiment 2 was identical to Experiment 1, despite the 

Figure 4-6. Trial timeline in A) Experiment 1, B) Experiment 2, and C) Experiment 3.  
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imperative cue being displayed only at the start of each trial (after participants pressed the space 

bar) for 1500 ms, with all four cards remaining faced down. The trial time line of Experiment 

3 followed that of Experiment 2 with a shortened response window of 1000 ms to enforce faster 

responding. Additionally, during feedback presentation in the joint goal condition of 

Experiment 3, only the selected card of the co-actor and the one selected by participants 

remained on screen to highlight the joint outcome of their separate task contributions.  

In all experiments participants were randomly allocated to one of two task conditions that 

differed with respect to whether the imperative cue instructed participants to select one of their 

cards to achieve an individual action goal (individual goal condition) or to achieve a joint action 

goal together with their co-actor (joint goal condition). In the individual goal condition, 

participants were instructed to select the higher (Ʌ) or the lower (V) of their cards. In the joint 

goal condition, participants were instructed to select the card that completed an ascending (Ʌ) 

or a descending (V) sequence together with the card selected by their co-actor. Note that as the 

two cards assigned to the participant always represented the two neighboring cards of the card 

selected by the co-actor, completing an ascending or descending card sequence in the joint goal 

condition was equivalent to selecting the higher or lower card in the individual goal condition 

respectively. Thus, the two task conditions were procedurally and perceptually completely 

identical, differing only in framing participants card selection as being directed towards an 

outcome to be achieved alone (higher/lower card) or towards an outcome to be achieved 

together with their co-actor (ascending/descending card sequence).  

After receiving the condition specific task instructions, participants performed a total 

number of 96 trials, split into six sub-blocks with 16 trials each24. Within each sub-block, 

imperative cues were counterbalanced and half of the trials reflected action goal congruent (e.g., 

 
24 Proceeding the experiment after the first sub-block required that participants responded 

correctly in at least 10/16 trials. Participants who failed to reach this performance threshold had 

to quit the experiment after the first sub-block and got replaced right away.  
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selecting the higher of one’s cards after observing the co-actor selecting the higher of their 

cards) and the other half action goal incongruent trials (e.g., selecting the higher of one’s cards 

after observing the co-actor selecting the lower of their cards), of which each half reflected 

movement goal congruent (e.g., selecting the left of one’s cards after observing the co-actor 

selecting the left of their cards) and movement goal incongruent trials (e.g., selecting the left of 

one’s cards after observing the co-actor selecting the right of their cards) respectively. Trial 

order within each sub-block was randomized. Thus all experiments had a 2 Task Condition 

(Individual Goal vs. Joint Goal) x 2 Action Goal Congruency (Congruent vs. Incongruent) x 2 

Movement Goal Congruency (Congruent vs. Incongruent), mixed factorial design with Task 

Condition manipulated between and Action Goal Congruency and Movement Goal Congruency 

manipulated within participants. Each experiment lasted about 15 minutes. 

Data analysis 

In each experiment, the first 16 trials served as training trials and were excluded from 

analysis. For the remaining trials, trials with response omissions were removed from analysis 

(1.44 % of all trials in Experiment 1; 0.35 % of all trials in Experiment 2; 4.54 % of all trials in 

Experiment 3). Participants with an overall error rate (ER, relative frequency of wrong card 

selections) larger than 20 % were excluded from the sample (effecting one participant in 

Experiment 1, none in Experiment 2, and five participants in Experiment 3). For the remaining 

sample, trials with a response time (RT) that deviated more than three standard deviations from 

participants’ individual mean RT were also excluded (0.97 % of remaining trials in Experiment 

1; 1.92 % of remaining trials in Experiment 2; 1.22 % of remaining trials in Experiment 3). For 

the remaining trials, participants’ ERs and mean RTs on correct trials were analyzed by separate 

2 (Task Condition: Individual Goal vs. Joint Goal) × 2 (Action Goal Congruency: Congruent 

vs. Incongruent) × 2 (Movement Goal Congruency: Congruent vs. Incongruent) mixed 

ANOVA with Task Condition as a between-subjects factor and Action and Movement Goal 

C
E

U
eT

D
C

ol
le

ct
io

n



115 

 

Congruency as within-subjects factors. For all inference statistical analysis, the alpha level was 

set to .05. Significant interactions were followed up by analysis of simple main effects that were 

Bonferroni corrected for multiple comparisons. 

Transparency and openness 

Data for Experiment 1 and Experiment 2 were collected in February 2025, data for 

Experiment 3 in Mai 2025. Data frames, analysis scripts, stimuli and experiment scripts for all 

experiments are accessible in an Open Science Framework project repository 

(https://osf.io/wc96q/?view_only=dd5091015d744e81a0295afdb0050d49). The study design, 

hypotheses, sampling plan and data exclusion criteria of all experiments were preregistered in 

the Open Science Framework. The preregistration is accessible under 

https://osf.io/swhpu/?view_only=2e61ecd807a642cc9540bf254f847148. 

4.2.3. Results and discussion for Experiment 1 

Results 

The main findings of Experiment 1 are depicted in Figure 4-7.  

Figure 4-7. Mean RT in Experiment 1 as a function of Task Condition, Action Goal 

Congruency and Movement Goal Congruency. Error bars represented standard errors of the 

mean corrected for within-subjects designs.  
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The RT analysis revealed a significant main effect of Action Goal Congruency, F(1,57) 

= 15.5, p < .001, ηp
2 = .213, showing that participants selected their cards faster on action goal 

congruent trials (M = 1048 ms, 95 % CI = [984, 1112]) compared to action goal incongruent 

trials (M = 1079 ms, 95 % CI = [1013, 1145]). Yet, we found no evidence that the main effect 

of Action Goal Congruency was further moderated by Task Condition, as indicated by a non-

significant interaction between Action Goal Congruency and Task Condition, F(1,57) = 1.24, 

p = .269, ηp
2 = .021. The main effects of Task Condition and Movement Goal Congruency were 

both non-significant (both F < 1). Yet, the analysis revealed a significant interaction between 

Action Goal Congruency and Movement Goal Congruency, F(1,57) = 5.53, p = .022, ηp
2 = .089. 

Analyzing simple main effects showed that the interactions was driven by descriptively faster 

RTs on movement goal congruent trials (M = 1044, 95 % CI = [980, 1108]) compared to 

movement goal incongruent trials  (M = 1052, 95 % CI = [987, 1117]) when participants action 

goal was congruent to that of their partner, t(57) = -0.91, pcorrected = .736, while participants 

responded descriptively faster on movement goal incongruent trials (M = 1070, 95 % CI = 

[1003, 1137]) compared to movement goal congruent trials (M = 1088, 95 % CI = [1022, 1154]) 

when their action goal was incongruent to that of their partner, t(57) = 2.28, pcorrected = .053.  

The ER analysis revealed no significant main effects (all F < 1). Yet, similar to the RT 

analysis we found a significant interaction between Action Goal Congruency and Movement 

Goal Congrueny, F(1,57) = 4.58, p = .037, ηp
2 = .074. No other interaction effect reached 

significance (all F[1,57] < 3.31; see Appendix D for the full result table). Follow-up analysis 

of simple main effects showed that the interaction between Action Goal Congruency and 

Movement Goal Congruency was driven by descriptively lower ER on movement goal 

congruent trials (M = 2.53 %, 95 % CI = [1.36, 3.69]) compared to movement goal incongruent 

trials (M = 3.22 %, 95 % CI = [2.00, 4.44]) when participants action goal was congruent to that 

of their partner, t(57) = -1.00, pcorrected = .647, while participants made descriptively fewer 

response errors on movement goal incongruent trials (M = 2.58 %, 95 % CI = [1.27, 3.88]) 
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compared to movement goal congruent trials (M = 3.74 %, 95 % CI = [2.26, 5.23]) when their 

action goal was incongruent to that of their partner, t(57) = 1.63, pcorrected = .219. 

Discussion 

Experiment 1 revealed three main findings. First, we found an imitative congruency effect 

between co-actors’ individual action goals: Participants selected their cards faster when 

imitating rather counter-imitating their partner’s action goal of selecting the higher or the lower 

of their cards. Notably, this effect was present although encoding their task partner’s individual 

action goal was irrelevant for selecting participant’s own contribution to the task. This finding 

suggests that participants encoded the action goal of their task partner automatically and showed 

a behavioral tendency to adopt the same action goal for their own contribution to the task.  

Second, we found that imitative congruency between co-actors’ individual action goals 

modulated effects of imitative congruency relations between co-actors’ movement goals: On 

action goal congruent trials, participants selected their cards descriptively faster and less error 

prone when imitating the movement goal of their task partner, while on action goal incongruent 

trials participants selected their cards descriptively faster and less error prone when counter-

imitating the movement goal of their task partner. This interaction pattern replicates previous 

findings (Marschner et al., 2025; Ondobaka et al., 2012, 2013) and support the idea of an 

hierarchical control mechanisms for imitative response tendencies in which representations of 

own and others’ actions at higher conceptual levels (i.e., action goals) shape the influence of 

lower-level sensorimotor representations of own and others’ actions (i.e., movement goals) 

(Ondobaka & Bekkering, 2012, 2013).  

Third, however, Experiment 1 revealed no evidence that participants’ imitative response 

tendencies were further modulated by task instructions to adopt an individual action goal (to 

select the higher or the lower of their cards) or a joint action goal (to select a card that 

complements the card selection of their co-actor). Instead, imitative congruency between co-
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actors’ individual action goals seemed to affect task performance in the individual and the joint 

task goal condition in comparable ways, although participants in the joint goal condition were 

not instructed to encode their own task contribution in terms of an individual action goal of 

selecting the higher or the lower of their cards. This finding suggests that instructions to pursue 

joint rather than individual action goals were unable to eliminate participants’ automatic 

tendency to encode their task partner’s individual action goal and to deploy it for their own 

subsequent task contribution.  

To follow up on these initial findings, in Experiment 2 we investigated whether the timing 

of forming an individual or joint action goal respectively impacts imitative response tendencies 

in the current task setup. Therefore, we presented the cue instructing participants which of their 

cards to select (i.e., the higher or the lower of their cards in the individual goal condition or the 

card that complements an ascending or descending number sequence in the joint goal condition 

respectively) at the start of each trial, i.e., before participants observed the card selection of 

their virtual partner. We reasoned that joint action goals may only become able to modulate 

imitative response tendencies if participants can observe the action of their task partner while 

already knowing the joint goal they are trying to achieve together.  
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4.2.4. Results and discussion for Experiment 2  

Results 

The main findings of Experiment 2 are depicted in Figure 4-8.  

The ER analysis revealed no significant effects (all F[1,58] < 1.49; see Appendix D for 

full result table). Though, similar to Experiment 1, the RT analysis revealed a significant main 

effect of Action Goal Congruency, F(1,58) = 6.90, p = .012, ηp
2 = .106, showing that 

participants selected their cards faster on action goal congruent trials (M = 665 ms, 95 % CI = 

[616, 714]) compared to action goal incongruent trials (M = 679 ms, 95 % CI = [630, 728]). 

Yet, as before we found no evidence that the main effect of Action Goal Congruency was further 

moderated by Task Condition, as indicated by a non-significant interaction between Action 

Goal Congruency and Task Condition (F < 1). The main effect of Task Condition was also non-

significant (F < 1), although examining Figure 4-8 shows that participants responded 

descriptively faster in the joint goal condition (M = 649 ms, 95 % CI = [580, 718]) compared 

to the individual goal condition (M = 694 ms, 95 % CI = [625, 763]). The main effect of 

Movement Goal Congruency was also non-significant, as where all two-way interactions (all F 

Figure 4-8. Mean RT in Experiment 2 as a function of Task Condition, Action Goal 

Congruency and Movement Goal Congruency. Error bars represented standard errors of the 

mean corrected for within-subjects designs. 
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< 1). Yet unexpectedly, we found a significant three-way interaction between Task Condition, 

Action Goal Congruency and Movement Goal Congruency, F(1,58) = 6.01, p = .017, ηp
2 = .094. 

To follow up on the three-way interaction, we analyzed RTs from participants in the individual 

and the joint goal condition separately by subjecting RTs in each task condition to separate 2 

(Action Goal Congruency: Congruent vs. Incongruent) x 2 (Movement Goal Congruency: 

Congruent vs. Incongruent) repeated measures ANOVAs. However, both analysis showed no 

significant effects. Main effects of Action Goal Congruency were non-significant in the 

individual goal condition, F(1,29) = 3.75, pcorrected = .126, ηp
2 = .114, as well as in the joint goal 

condition, F(1,29) = 3.24, pcorrected = .165, ηp
2 = .101. Main effects of Movement Goal 

Congruency were also non-significant in both analysis (both F < 1). Similarly, the  two-way 

interactions between Action Goal Congruency and Movement Goal Congruency were non-

significant in the individual goal condition, F(1,29) = 3.37, pcorrected = .154, ηp
2 = .104, as well 

as in the joint goal condition, F(1,29) = 2.65, pcorrected = .229, ηp
2 = .084.  

Discussion 

Similar to Experiment 1, Experiment 2 revealed an imitative congruency effect between 

co-actors’ individual action goals: Participants selected their cards faster when imitating rather 

than counter-imitating the action goal of their task partner. Furthermore, we still found no 

evidence that this effect was modulated by task instructions to pursue joint rather than 

individual action goals, although this time participants observed their task partner’s action while 

knowing which joint goal to pursue together. Interestingly though, the result pattern of 

Experiment 2 suggested that participants performed the task differently when being instructed 

to pursue an individual compared to a joint action goal: We observed a significant three-way 

interaction between Task Condition, Action goal Congruency and Movement Goal 

Congruency, indicating that the interaction pattern between Action Goal Congruency and 

Movement Goal Congruency differed between the individual and the joint goal condition. 
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However, our follow-up analysis remained inconclusive to draw reliable conclusions about the 

source of these differences.  

Therefore, we decided to run a replication of Experiment 2 that was sufficiently powered 

to detect significant two-way interactions between Action Goal Congruency and Movement 

Goal Congruency in the individual and joint goal condition respectively (see preregistration 

protocol for details). Besides increasing the sample size compared to Experiment 2, we also 

adapted two procedural details in Experiment 3 that we thought would elevate chances of 

finding significant contrasts in task performance between the individual and the joint goal 

condition. First, we shortened the response window to 1000 ms to foster faster responding 

across participants. We did so with the suspicion that relatively lenient constraints on response 

speed in the previous two experiments may have overshadowed descriptive performance 

differences between the individual and the joint goal condition. Second, during feedback 

presentation in the joint goal condition, we now presented only the two cards selected by the 

virtual partner and participants respectively to highlight the joint outcome of their individual 

task contributions.  
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4.2.5. Results and discussion for Experiment 3 

Results 

The main findings of Experiment 3 are depicted in Figure 4-9.  

The ER analysis of Experiment 3 revealed no significant effects (all F[1, 207] < 2.24,; 

see Appendix D for full result table). As in both previous experiments, the RT analysis again 

revealed a significant main effect of Action Goal Congruency, F(1,207) = 40.9, p < .001, ηp
2 = 

.165, showing that participants responded faster on action goal congruent trials (M = 565 ms, 

95 % CI = [555, 576]) compared to action goal incongruent trials (M = 576 ms, 95 % CI = [565, 

586]). This time though, the RT analysis also revealed a significant main effect of Task 

Condition, F(1,207) = 61.8, p < .001, ηp
2 = .230, indicating that participants selected their cards 

generally faster in the joint goal condition (M = 529 ms, 95 % CI = [514, 544]) compared to the 

individual goal condition (M = 612 ms, 95 % CI = [597, 626), and a significant main effect of 

Movement Goal Congruency, F(1,207) = 7.46, p = .007, ηp
2 = .035, driven by overall faster 

RTs on movement goal congruent trials  (M = 568 ms, 95 % CI = [558, 579])  compared to 

movement goal incongruent trials (M = 572 ms, 95 % CI = [562, 583]).  Yet, we still found no 

Figure 4-9. Mean RT in Experiment 2 as a function of Task Condition, Action Goal 

Congruency and Movement Goal Congruency. Error bars represented standard errors of the 

mean corrected for within-subjects designs. 
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evidence that the main effect of Action Goal Congruency was modulated by Task Condition, 

with the interaction between both factors being non-significant, F(1,207) = 1.57, p = .212, ηp
2 

= .008. Likewise, we found no evidence that the main effect of Movement Goal Congruency 

was modulated by Task Condition, with the interaction term of both factors being close to but 

not reaching the statistical significance threshold, F(1,207) = 3.14, p = .078, ηp
2 = .015. 

Descriptively, the difference between movement goal congruent and movement goal 

incongruent trials was larger in the individual goal condition (MDifference = 6.59 ms, 95 % CI = 

[2.52, 10.7]) compared to the joint goal condition (MDifference = 1.41 ms, 95 % CI = [-2.68, 5.50]). 

The interaction between Action Goal Congruency and Movement Goal Congruency was non-

significant, F(1,207) = 1.00, p = .317, ηp
2 = .005, as well as the three-way interaction between 

all design factors (F < 1).  

Discussion 

Overall, Experiment 3 replicated the main observations of the previous two experiments. 

As in the previous experiments, participants selected their cards faster when imitating rather 

than counter-imitating their task partner’s action goal, providing further evidence for an 

imitative congruency effect between co-actors’ individual action goals.  

Furthermore, we still found no evidence that this imitative tendency is easily overcome 

when own and others’ actions are performed to achieve a joint action goal together. Instead, 

congruency between co-actors’ individual-level action goals appeared to affect task 

performance in the individual and joint goal condition in similar ways.  

A novum of Experiment 3 is that we observed an action goal congruency effect across 

task instructions despite a general performance advantage in the joint compared to the 

individual task goal condition. A likely explanation of the performance advantage in the joint 

compared to the individual goal condition is that participants in the joint goal condition could 

deduce their individual contribution to the joint outcome from observing their partner’s card 
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selection. As such they simply had to search for the inferred card value that complemented the 

instructed sequence once their cards turned over, while participants in the individual goal 

condition still had to process the relative magnitude relations between their revealed cards to 

make their selection. 

The performance advantage in the joint goal condition clearly shows that participants 

performed the task differently in the two task conditions and benefited from selecting one of 

their cards to complement the card selection of their partner rather than selecting the higher or 

the lower of their two individually assigned cards. Nevertheless, the finding of an imitative 

congruency effect between co-actors’ individual action goals across task conditions indicates 

that this advantage did not help participants to overcome a remaining tendency to imitate the 

individual action goal of their task partner. The results of Experiment 3 thus suggest that 

although acting towards a joint rather than an individual action goal can boost overall task 

performance, representations of joint action goals appear limited in their ability to modulate 

imitative response tendencies that stem from representations of own and others’ actions in terms 

of their individual-level action goals.  

Lastly, in contrast to the previous two experiments, Experiment 3 also revealed an 

imitative congruency effect at the level of co-actors’ movement goals. Participants selected 

their cards slightly faster when imitating rather than counter-imitating their task partner’s 

movement goal of selecting the left or the right of their cards. Furthermore, Experiment 3 

provided no evidence that this effects was modulated by co-actors’ higher-level action goals 

nor by task instructions to work towards individual or joint action goals respectively. This 

finding shows the presence of an involuntary tendency to imitate low-level movement features 

of observed actions in the current study. Yet, it should be noted that the movement goal 

congruency effect found in the present experiment was rather small which may have masked 

descriptive differences in the size of this effect between the different levels of our other 

experimental manipulations (i.e., Action Goal Congruency and Task Condition).  
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4.2.6. General Discussion 

In three Experiments, we investigated the role of joint and individual action goals in 

shaping involuntary tendencies to imitate aspects of others’ actions. We manipulated imitative 

congruency relations between higher-level action goals and lower-level movement goals of the 

consecutive actions of two co-actors (of which one was a virtual agent) that either worked 

towards individual or towards joint action goals. Crucially, irrespective of acting towards an 

individual or a joint action goal, the individual action and movement goals of participants’ task 

partners were irrelevant for selecting participants’ own contribution to the task. This allowed 

us to assess if participants would nevertheless show involuntary tendencies to imitate their task 

partner’s action and/or movement goals, and how both tendencies might interact with each 

other. Furthermore, our study tested whether involuntary tendencies to imitate individual-level 

action or movement goals of an interaction partner become modulated when own and others 

individual actions are directed to the achievement of a joint action goal.  

Across all experiments, we consistently found an imitative congruency effect between 

co-actors’ individual action goals: Participants selected their cards faster when their individual 

action goal (selecting the higher or the lower of their cards) matched that of their partner. This 

effect was robust across various experimental manipulations and was observed regardless of 

whether participants performed their actions to achieve an individual action goal alone or a joint 

action goal together with their task partner, and regardless of whether participants observed 

their task partner’s actions before or after receiving task-relevant information about their own 

task contribution. These findings indicate that participants encoded their task partner’s 

individual action goal automatically despite not being required or instructed to do so and 

provide evidence that automatic encoding of others’ individual action goals can interfere with 

the implementation of subsequent task contributions.  
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In contrast, evidence for imitative congruency effects at the level of co-actors’ movement 

goals (i.e., selecting cards at the same or opposite relative spatial location) was limited and less 

consistent in the current study. Evidence for involuntary imitation of movement goals was only 

found in one out of three experiments. In the other two experiments movement goal congruency 

effects were modulated by higher-level congruency relations between co-actors’ individual 

action goals. Thus, while effects of movement goal congruency remained small overall, these 

inconsistencies suggest that involuntary imitation of lower-level movement goals is susceptible 

to a range of contextual task factors.  

Finally, although our findings showed that instructions to pursue joint rather than 

individual action goals could improve overall task performance, our results provided no 

evidence that joint action goals enabled participants to overcome an evident tendency to imitate 

individual-level action goals of their co-actor. Our findings showed that observing a task 

partner’s action while representing a joint action goal can support subsequent action selection, 

possibly because joint action goals enable people to infer their own task contributions from that 

of their task partner. However, our findings also show that encoding of and alignment with 

individual-level action goals of other co-actors appears to be a robust and persistent feature of 

shared task contexts, even if own and others actions are jointly directed to the achievement of 

an overarching joint action goal. 

Implications for theories of imitation 

Our findings inform ongoing debates about the mechanisms and representations that drive 

people’s propensity to imitate others’ actions. In line with previous findings (Marschner et al., 

2025; Ondobaka et al., 2012, 2013) and goal-directed theories of imitation (Gattis et al., 2002; 

Wohlschläger et al., 2003) our study provides complementary evidence that cognitive 

interpretations of observed actions in terms of their higher-level action goals are a central driver 

of peoples propensity to imitate the actions they observe in others. Our findings show that 
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people possess an automatic tendency to encode the higher-level action goals of observed 

actions (c.f., Csibra et al., 1999; Hassin et al., 2005; Woodward, 1998), and tend to imitate these 

goals to guide performance of their own subsequent actions (c.f., Aarts et al., 2004).  

At the same time, the present study revealed only inconsistent evidence for involuntary 

imitation of lower-level movement goals. This suggests that tendencies to imitate low-level 

movement features of observed action are much more dependent on specific task contexts than 

would be predicted by associative accounts of imitation, challenging the notion that imitative 

behavior is mainly driven by low-level sensorimotor associations (e.g., Heyes, 2011). 

Moreover, the findings of Experiment 1 suggest that tendencies to imitate lower-level 

movement goals become modulated by implicit congruency relations between task partners’ 

higher-level individual action goals. This would extend previous findings showing that 

involuntary tendencies to imitate lower-level movement goals may not only be shaped by 

explicit instructions to imitate or counter-imitate others’ higher-level action goals (Marschner 

et al., 2025; Ondobaka et al., 2012) but also by involuntary tendencies to do so. However, while 

this finding aligns with proposals that representations of own and others’ actions in terms of 

higher-level conceptual action goals modulate the impact of lower-level sensorimotor 

representations of own and others’ actions (Ondobaka & Bekkering, 2012, 2013), these findings 

remain only suggestive and need to be backed up by further investigation.  

However, limiting the generalizability of our findings, the minor influence of low-level 

movement goals on imitation behavior in the present study could be due to characteristics of 

our virtual online setup. We operationalized congruency between co-actors’ movement goals 

by manipulating the relative spatial location of their action targets (i.e., spatial features of 

movement endpoints), and not by manipulating congruency between own and observed 

movements per se (i.e., topographical features of bodily effectors and movement trajectories). 

Although it has been shown that compatibility between spatial features of own and others 

movement endpoints contributes to a large part to movement imitation effects (Cracco et al., 
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2018), involuntary tendencies to imitate lower-level movement goals may have been more 

pronounced in the present study if participants would have observed not only the spatial 

endpoint but also other features of their partner’s movements. Future studies are required to 

determine whether the dominance of action goal imitation over movement goal imitation 

suggested by the present findings persists in more naturalistic task settings featuring observation 

of bodily movement features as well.     

Implications for theories of joint action  

The present findings also inform current theories of joint action planning. Our findings 

indicate that co-actors show a persistent tendency to imitate each other’s individual action goals 

even if own and others’ individual task contributions are performed to achieve an overarching 

joint action goal. This finding suggests that representations of co-actors individual-level action 

goals still possess a dominate role in joint action planning and seem to remain a source of 

interpersonal influence and interference. One the one hand, this finding highlights the 

hierarchical nature of joint action planning, comprising both group-level and individual-level 

representations (Loehr, 2022; Pacherie, 2012; Pesquita et al., 2018; Zapparoli et al., 2022). On 

the other hand, our findings point to limitations whereby group-level representations (i.e. joint 

action goals) organize and constrain the interplay between individual-level representations of 

own and others’ actions. While previous findings have shown that joint action goals can 

counteract people’s tendency to imitate the movement goals of their task partners (Clarke et al., 

2019; Rocca et al., 2023; Sacheli et al., 2018), our findings suggest that joint action goals might 

be limited in overriding imitative response tendencies that emerge between co-actors’ 

individual-level action goals.  

This apparent limitation may suggest that acting towards a joint action goal does not 

automatically imply that co-actors represent their own and their task partners’ contribution to a 

joint task in a highly integrated manner that imposes relational constraints on individual action 
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selection and control processes (c.f., Sinigaglia & Butterfill, 2022). Rather, our findings suggest 

that in many cases co-actors may default to represent own and others actions merely as parallel 

task contributions each contributing their individual part to an overarching joint action goal.  

However, starting from our findings, future studies will need to establish whether there 

are conditions where joint action goals could also become able to suppress involuntary 

tendencies of co-actors to imitate each other’s individual action goals. A limitation of the 

current study could have been, that the joint goal instructions did not specify relations between 

co-actors individual-level action goals (e.g., same/different relations between individual action 

goals) but only between specific outcomes of their individual action contributions (i.e., height 

relations between specific card values). It is thus possible that joint action goals could modulate 

involuntary tendencies to imitate a co-actor’s individual-level action goal when a specific 

relation between co-actors’ individual-level action goals becomes instrumental for the 

achievement of their joint action goal. Applied to the current study, one would need to find 

conditions where the achievement of a joint action goal would be contingent on partner A 

selecting the higher or lower of their card while partner B selects the higher or the lower of their 

cards respectively.  

Conclusion 

 In summary, the present study provides consistent evidence that people tend to imitate 

automatically encoded action goals of their task partners despite them being irrelevant for their 

own task performance. In contrast, the present study revealed only inconsistent evidence for 

involuntary imitation of low-level movement features of a task partner’s actions. These findings 

support goal-directed theories of imitation by showing that imitative response tendencies are 

not solely driven by low-level sensorimotor associations but can derive from cognitive 

interpretations of observed actions in terms of their higher-level action goals as well. Against 

our expectations, however, the present study revealed no evidence that imitative response 
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tendencies are further modulated by task instructions to pursue joint rather than individual 

action goals. This suggests that representations of joint action goals, despite being able to boost 

overall task performance, appear limited in modulating imitative response tendencies in joint 

action contexts.  
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5. General Discussion 

The aim of the present dissertation was to offer an account of the content and structure of 

joint task representations. Building up on previous research findings, I started by proposing 

three possible structures of joint task representations and spelled out how these structures could 

support interpersonal coordinating in joint action. In the subsequent chapters, I presented four 

empirical studies that were all tailored to test central assumptions of one of these proposals that 

I have referred to as the relational structure of joint task representations. The central idea 

behind this proposal is that joint task representations encode relations between individual action 

contributions of self and others that capture group-level features of co-actors’ joint task 

performance (c.f., Kourtis et al., 2019; Pezzulo et al., 2025). In the last chapter of this 

dissertation, I will summarize the key findings of the presented studies and discuss their 

theoretical implications for the content and structure of joint task representations.  

5.1. Key findings 

5.1.1. Relations between co-actors’ individual task contributions shape 

anticipated imitation between groups 

Study I probed the structure of joint task representations by investigating anticipated 

imitation effects in a virtual reality experiment simulating social interactions between groups. 

To this end, Study I employed an anticipated imitation task in which participants performed a 

stimulus-response task either with or without a virtual co-actor while either one or both 

member(s) of another dyad of virtual agents imitated participants’ task responses.  

Building up on the assumption that people use anticipated actions they evoke in others to 

initiate and control their own contributions to a social interaction (Kunde et al., 2018), this task 

setup allowed us to test if joint task representations encode group-level relations between co-
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actors’ individual task contributions: If this is the case, anticipating that group-level relations 

between own and others’ task contributions will be imitated by another group of co-actors 

should facilitate joint task performance.  

The results of Study I supported this prediction with some critical limitations. Our results 

showed that participants made fewer response errors when the number of imitative responses 

of another dyad matched the number of task responses performed by participants’ own dyad. 

I.e., performing the task together with one’s co-actor was facilitated when both vs. one 

member(s) of the opposing dyad performed an imitative response, whereas performing the task 

without one’s co-actor was facilitated when one vs. both member(s) of the opposing dyad 

performed an imitative response.  

Although the size of this effect was small and a similar descriptive pattern in participants’ 

response times did not reach statistical significance, the presence of this effect indicates that 

participants’ task performance was modulated by congruency relations between groups: Task 

performance was facilitated when group-level features of the anticipated response of another 

group (here the number of simultaneously performed actions) matched group-level features of 

a planned response performed by one’s own group. As such, this finding provides a proof of 

concept that anticipated imitation effects can be shaped by group-level congruency relations 

between interacting dyads. This supports the assumption that joint action partners represent 

their own contributions to a joint task not in isolation but in relation to the task contribution of 

their co-actors, i.e. that they form joint task representations that encode group-level (e.g., WE 

lift two index fingers) rather than individual-level performance (e.g., I lift my index finger). 

However, a critical limitation of Study I was that the described performance pattern, 

warranting these theoretical conclusions, showed to be moderated by participants’ overall 

response speed. In an explorative analysis targeting a combined measure of participants’ task 

performance, group-level congruency relations between the two dyads were only found to effect 

participants who responded relatively slow but not participants who responded relatively fast 
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on the task. This finding indicates that only a subset of participants was affected by anticipated 

responses of the other agents in the task, pointing towards limitations in how readily people 

integrate behavioural responses evoked in others into their own task representations. This 

suggests that the formation of joint task representations that encode relations between own and 

others individual contributions to a joint action outcome is not an automatic process but rather 

dependent on a set of contextual and/or motivational factors that need to be worked out in future 

research.  

5.1.2. Action-outcome learning is sensitive to relations between co-actors’ 

individual task contributions  

Study II probed the structure of joint task representations by investigating action-outcome 

learning in synchronous joint action. Starting from the assumption that joint task representations 

encode relationships between co-actors’ actions and their ensuing joint action outcomes in some 

way, Study II tested how co-acting individuals link jointly produced action outcomes to features 

of their own and their partners’ preceding response contributions.  

Study II tested two hypothesis yielding different predictions of how co-actors form 

action-outcome representations in joint action contexts. If joint task representations take on a 

minimal structure, co-actors should link the production of joint action outcomes to individual-

level features of their own task contribution viewed in isolation. In contrast, if joint task 

representations take on a relational structure, co-actors should link the production of joint action 

outcomes to group-level features of their joint task contributions viewed together.  

To test these hypotheses against each other, Study II employed a two-stage action 

outcome learning task derived from research on ideomotor learning (c.f., Elsner & Hommel, 

2001) in which the instructed stimulus-response mappings in a choice-reaction time task 

performed by two co-actors were manipulated to be either compatible or incompatible with the 
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individual and/or the group-level action-outcome mapping that co-actors experienced in a 

preceding learning phase.  

In support of the hypothesis that co-actors link jointly produced action outcomes to group-

level features of their joint response contributions rather than to individual-level features of 

their own response contributions viewed in isolation, we found that participants’ task 

performance was affected by group-level but not by individual-level compatibility between 

learning and test phase mappings. However, in contrast to predictions derived from associative 

accounts of action-outcome learning (c.f., Moeller & Pfister, 2022 for review), this effect was 

driven by better task performance when the stimulus-response mapping was incompatible 

rather than compatible with co-actors’ group-level action-outcome mapping of the preceding 

learning phase.  

To explain the unexpected direction of the group-level compatibility effect, we drew on 

recent proposals attributing action-outcome learning effects in the two-stage action-outcome 

learning task to strategic rule use rather than to associative response priming (c.f., Custers, 

2023; Sun et al., 2022; see Custers, 2024; Hommel & Eder, 2024; Kunde & Janczyk, 2024 for 

discussion). Following these proposals, we argued that co-actors interpreted the ambiguous 

stimulus-response rules in the test phase of our experiment in a way that could be most easily 

reconciled with their previous group-level learning experience. We proposed that this let co-

actors to encode the stimulus-response task in the test phase either as a joint task performed 

together with their partner (if the instructed stimulus-response mapping was compatible with 

co-actors group-level learning experience) or rather as an individual task performed 

independently of their co-actor (if the instructed stimulus-response mapping was incompatible 

with co-actors group-level learning experience). Following this interpretation, the reversal of 

the group-level compatibility effect could be explained as the result of higher cognitive 

demands associated with the implementation of joint vs. individual task representation.  
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The findings of Study II and our proposed interpretation bear several implications for 

theoretical accounts of joint task representations. First, our findings indicate that experiencing 

contingent relationships between own actions, others’ actions, and ensuing sensory outcomes 

can lead to the implicit formation of task representations that link joint action outcomes to 

group-level relations between co-actors’ individual task contributions. This suggests that joint 

task representations embedding a relational structure are readily acquired if co-actors are 

required to synchronize individual task contributing to produce distinct joint action outcomes.  

Second, however, the findings of Study II also indicate that representing group-level 

relations between own and others’ task contributions is not an automatic response to any joint 

task context. Rather, the proposed interpretation of our results suggests that co-actors may 

deliberately choose to represent a task performed alongside another co-actor in relation to 

individual-level performance alone if that helps to overcome conflict with previous learning 

experience.  

Finally, the proposed interpretation of our results further implies that joint task 

representations embedding a relational structure incur higher processing costs compared to 

leaner task representations that encode individual task contributions alone. This suggests that 

representing group-level relations between own and others’ contributions to a joint task can 

become detrimental if the task could also be performed without other co-actors in mind.  

5.1.3. Representing relations between own and others’ action outcomes does 

not help to overcome imitative response tendencies  

Study III and Study IV probed the content and structure of joint task representations by 

investigating modulations of imitative response tendencies in joint task settings. Both studies 

were motivated by recent research findings indicating that representations of shared goals can 

dissolve automatic tendencies to imitate observed actions of another task partner (Clarke et al., 

2019; Rocca et al., 2023; Sacheli et al., 2018). Study III and IV were guided by the idea that 
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these modulation effects provide a signature of joint task representations that encode relations 

between co-actors’ individual task contributions. Based on this idea, Study III and IV were 

designed to probe the relational structure of joint task representations by assessing whether 

shared goals that specify relations between action outcomes of own and others’ individual task 

contributions modulate imitative response tendencies. As another extension of earlier research, 

Study III and IV assessed modulations of imitative response tendencies at different hierarchical 

levels of action representations, namely at the level of co-actors’ lower-level movement goals 

and at the level of co-actors’ higher-level individual action goals.   

In a series of online experiments, we assessed imitative response tendencies in different 

variants of a sequential target selection task in which participants selected action targets in turns 

with a virtual co-actor to achieve either individual or shared goals. Across experiments we 

found consistent evidence for an imitative congruency effect between co-actors’ individual-

level action goals. Participants executed their own task contributions faster when imitating 

rather than counter-imitating the individual action goal of their virtual partner. This effect was 

observed regardless of whether the individual action goal of participants’ task partner was 

relevant (c.f. Study III) or irrelevant (c.f. Study IV) for selecting their own task contributions. 

Crucially though, this effect remained robust against task instructions to complement the task 

contribution of a task partner in the service of a shared goal that specified relations between the 

outcomes of co-actors’ individual task contributions. Although acting towards a shared goal 

showed to be beneficial for overall task performance if it allowed participants to deduce 

individual task contributions from the task contributions of their co-actor, our findings thus 

point to limitations whereby shared goals modulate imitative response tendencies.  

Thus, the findings of Study III and IV did not confirm the hypothesis that representing 

relations between own and others’ action outcomes help co-actors to overcome imitative 

response tendencies. Accordingly, Study III and IV did not provide evidence for the relational 

structure of joint task representations. Rather, their findings suggest that parallel rather than 
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relational representations of own and others’ individual task contributions constrain task 

performance in many interactive task settings.  

5.2. Synthesis: Determinants of the content and structure of joint 

task representations  

Taken together, the studies presented in this dissertation offer a multi-facetted picture of 

the content and structure of joint task representations. While the results of Study I and Study II 

supported the proposal that joint task representations can take on a relational structure, both 

studies also came with their own limitations and complications implying that co-actors do not 

represent group-level relations between own others’ individual task contributions by default. 

The findings of Study III and Study IV suggest a similar conclusion, namely that the relational 

structure of joint task representations may reflect an exception rather than the rule in task 

settings involving coordinated contributions of multiple co-actors.  

An implication of these mixed findings is that joint task representations do not default to 

a particular structure, but are rather flexibly adapted to the specific characteristics and demands 

of the task at hand. Thus, instead of asking if joint task representations take on either a minimal, 

parallel or relational structure, it might be more fruitful to investigate the factors that determine 

which kind of structure co-actors draw on when engaging in a particular task. In the last part of 

this dissertation, I will therefore discuss how the findings of the presented studies shed light on 

possible factors that determine the content and structure of joint task representations. These 

considerations could offer promising starting points for future research on the structure and 

function of joint task representations.    

5.2.1. Coordination demands  

A natural starting point to think about possible determinants of the content and structure 

of joint task representations is to look at the function they ought to fulfil. A guiding assumption 
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of the work presented in this dissertation was that joint task representations provide cognitive 

structures that prepare and support coordination between co-actors towards shared goals (c.f., 

Knoblich et al., 2011; Pacherie, 2012; Sebanz & Knoblich, 2021). With this functional 

characterisation in mind, an obvious conjecture is that the content and structure of joint task 

representations is largely determined by the coordination demands imposed by the interactive 

task they are meant to support. 

Looking back at the different studies, the tasks they deployed to investigate the content 

and structure of joint task representations imposed quite different coordination demands upon 

participants. Starting with Study I, coordination demands imposed on participants were close 

to zero, as participants could perform the task by simply adhering to an instructed stimulus-

response mapping that was completely independent from the task contributions of any other co-

actor. At most, the task implied that a set of other agents coordinated their actions in response 

to the actions of the participant, making participants the leader of a social interaction completely 

determined by their own doings. Although implementing further task demands that required 

participants to monitor the performed actions of other agents in scene (catch trials in which the 

imitating avatars lifted their respective finger twice), the task used in Study I thus imposed only 

minimal requirements on participants to take the actions of other people into account to plan 

and perform their own task contributions. This could provide an explanation for the fact that a 

bulk of participants in Study I showed no indication of being affected by the behaviour of other 

agents in the task.  

A related point can be made by looking at the coordination demands imposed by the tasks 

deployed in Study III and IV. Here, although participants had to select their own task 

contributions in relation to those of their task partner to achieve a shared goal, these 

coordination demands were still unidirectional as participants’ task partners always acted first 

and were thus primarily in charge of determining the further course of the interaction. Thus, as 

in Study I, the task imposed a leader-follower hierarchy that prevented a need for mutual 
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adaptation and common coordination requirements between co-actors. The findings of Study 

III and IV may thus imply that merely acting as a follower who is only in charge of 

complementing the task contributions of a task partner makes it less likely that people form 

joint task representations that encode group-level relations between own and others’ task 

contributions.  

Examining the coordination demands imposed upon participants in Study II adds to this 

picture. Across studies, the highest coordination demands were present in the learning phase of 

Study II. Here, co-actors had to synchronize their individual response contributions with each 

other to produce a joint action outcome that could only be achieved if co-actors met specific 

spatiotemporal relations between their individual response contributions. Our findings suggest 

that this task context was most likely to result in the formation of task representations that 

encoded group-level relations between co-actors’ individual response contributions. In contrast, 

similar coordination demands were absent in the test phase of Study II, were no synchrony 

requirements between co-actors’ individual response contributions remained. The absence of 

coordination demands in the test phase may thus have made it unnecessary that co-actors went 

on to represent group-level relations between their individual task contributions. This may add 

to the proposed explanation of the reversed group-level compatibility effect which entails that 

participants who faced conflict between learning and test phase mappings reverted to encode 

the instructed stimulus-response mapping merely in relation to their individual performance 

alone.   

Taken together, this discussion suggests that the content and structure of joint task 

representations are shaped by the coordination demands co-actors face in an interactive task 

setting. As interdependence between individual task contributions increases, and as demands 

for mutual adaptation and monitoring of others’ actions rise, co-actors seem to become more 

likely to represent group-level relations between their individual task contributions. This 

interpretation aligns with other research showing that mutual adaptation, common coordination 
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requirements, and egalitarian role distributions are critical task characteristics that foster a sense 

of acting together as a group rather than as separate individuals (Bolt et al., 2016; Le Bars et 

al., 2020, 2022; Pacherie, 2014).  

5.2.2. Further task characteristics 

Beyond the coordination demands imposed by a specific task, the findings of the present 

dissertation indicate that additional task characteristics are also likely to shape the content and 

structure of joint task representations. 

One critical aspect relates to the legitimate question of whether participants 

conceptualized the deployed tasks as interactive tasks performed together with other co-actors 

in the first place. This question arises specifically in the context of Study I, which simulated a 

social interaction between groups in a virtual environment depicting animated computer 

avatars, and in Study III and IV, in which participants interacted with a disembodied virtual co-

actor (i.e., a computer program). Indeed, previous research indicates that interactive task 

behaviour is shaped by human-likeness in behaviour and appearance of artificial co-actors 

(Ciardo et al., 2022; Musco et al., 2025; Sahaï et al., 2019; Weller et al., 2019), suggesting that 

these features have a critical influence on how people represent joint tasks. It is thus possible 

that a necessary condition for the construction of joint task representations that integrate task 

contributions of other co-actors (either in a relational or in a parallel manner) is a certain degree 

of human-likeness in their appearance and behaviour that have been lacking in some of the 

presented experiments.  

Second, another task characteristic that might determine how joint task representations 

become structured is whether co-actors’ individual contributions to a joint task are performed 

in synchrony or sequentially (i.e. the temporal structure of the joint task). Our findings suggest 

that task contexts in which co-actors synchronised their individual task contributions to produce 

a joint action outcome (Study I and II) were more likely to engage joint task representations 
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embedding a relational structure than task context in which co-actors performed their individual 

contributions to a joint task temporally separated from each other (Study III and IV). A possible 

reason for this could be that synchronous task contributions of self and others are more readily 

represented in relation to each other (i.e. bound together as a single event representation 

comprising “our” actions) due to their close temporal contiguity (c.f., Moeller & Frings, 2019). 

Moreover, synchronous joint action obscure individual action-outcome contingencies, which 

makes it harder to track the results of co-actors’ individual contributions to a joint action 

outcome in isolation. This could lead co-actors to switch from co-representing own and others’ 

task contributions in parallel to the encoding of group-level features of their synchronized 

responses instead. In contrast, in sequential joint actions, individual contributions to a joint 

action outcome are clearly distinguishable. This could increase the likelihood that co-actors 

represent the individual task contributions of self and others as parallel subplans towards a 

shared goal.  

Lastly, a similar point could also be made about the structure and appearance of the shared 

goal or joint action outcomes to be achieved in a joint task. If a joint action outcome is composed 

of clearly distinguishable contributions of each individual co-actor (as it was the case in Study 

III and IV) this may promote the engagement of joint task representations embedding a parallel 

structure. On the other hand, if a joint action outcome has a particular appearance or “Gestalt” 

that cannot simply be reduced to the mere summation of individual task contributions of self 

and others (e.g., the harmony of a jointly produced chord, as in the learning phase of Study II) 

this could foster the construction of joint task representations that take on a relational structure. 

Supporting this idea, a recent study by Zhou et al. (2023) showed that co-actors experience a 

stronger sense of joint agency (i.e. a feeling of acting as a group rather than as independent 

individuals) if they synchronize their actions to produce harmonic musical duets rather than a 

series of constant tones together.  
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5.2.3. Costs and benefits 

Finally, another aspect raised by the findings of the presented studies is that the 

engagement of joint task representations that take on a relational structure seems to come at 

some costs. This is suggested by several findings throughout the dissertation. In Study I, those 

participants who showed indications for relying on a relational structure of joint task 

representations performed the task slower than participants who showed no indications for 

integrating other agents’ actions into their own representation of the task. In Study II, the 

reversal of the group-level compatibility effect could be explained by assuming that encoding 

own and others’ task contributions in relation to each other is cognitively more demanding than 

merely encoding one’s own task contribution in isolation. Finally, Study III indicated that 

participants could have found it less demanding to represent the card selection task in relation 

to individual-level goals instead of relying on a joint task representation that encoded group-

level relations between own and others individual task contributions.  

These findings point towards another important factor that is likely to determine the 

content and structure of joint task representation. Confronted with a novel task, co-actors will 

need to find a balance between the representational costs associated with a particularly 

structured task representation and the benefits they offer for successful task performance (c.f., 

Correa et al., 2023; Ho et al., 2022; Shenhav et al., 2013, 2017). This consideration would 

predict that co-actors become less likely to engage joint task representations that represent 

group-level relations between own and others’ individual task contributions if relying on a 

leaner representational structure of the task guarantees equally or even more efficient task 

performance.  

A crucial implication of these considerations is that the content and structure of joint task 

representations is determined by decision making or construal processes balancing costs and 

benefits of different representational structures to support optimal task performance. This 
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consideration in mind, a promising direction for future research would be to link research on 

the content and structure of joint task representations to normative principles of optimization 

and utility in human thought and behaviour (Gershman et al., 2015; Griffiths et al., 2015; Lewis 

et al., 2014) and to optimality principles guiding action identification and task construal 

(Vallacher & Wegner, 1987, 2012).  

5.3. Conclusion 

The aim of the present dissertation was to offer a comprehensive account of the content 

and structure of joint task representations. Building up on previous research, I laid out three 

possible structures of joint task representations and conducted four empirical studies that war 

all tailored to test central assumptions of the proposal that joint task representations encode 

group-level relations between co-actors’ individual contributions to a joint task. The findings 

presented in this dissertation provide partial support for this proposal, offering novel evidence 

that joint task representations can adopt a relational structure that encodes joint actions at the 

group level. At the same time, however, our results reveal important limitations regarding how 

frequently such relational structures are applied in interactive task settings. These limitations 

suggest, that joint task representations, rather than embedding a fixed structure centred on 

group-level relations between co-actors’ individual task contributions, become flexibly adapted 

to cope with the specific demands and characteristics of the interactive task they aim to support.    
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Appendix 

A. Supplementary material for Study I 

Table A-1 

Full ANOVA results for the explorative IES analysis  

Effect df F p ηp
2 

Task Condition 1, 233 0.38 .536 .002 

Imitative Response 1, 233 0.20 .657 < .001 

RT Group 1, 233 323.5 < .001 .581 

Task Condition × 

Imitative Response 
1, 233 3.81 .052 .016 

Task Condition ×  

RT Group 
1, 233 2.08 .151 .009 

Imitative Response × 

RT Group 
1, 233 1.15 .284 .005 

Task Condition × 

Imitative Response × 

RT Group 

1, 233 6.61 .011 .028 

Note. Inverse Efficiency Scores (IES) were analysed by means of a 2 (Task Condition: 

Individual vs. Joint Action) x 2 (Imitative Response: Individual vs. Joint Imitation) x 2 (RT 

Group: Fast vs. Slow Responder) mixed ANOVA with Task Condition and Imitative 

Response as within- and RT Group as between-subjects factors. 

 

Table A-2 

Full ANOVA results for the follow-up IES analysis of slow responder 

Effect df F p ηp
2 

Task Condition 1, 116 0.30 .588 .003 

Imitative Response 1, 116 0.87 .352 .007 

Task Condition × 

Imitative Response 
1, 116 7.21 .008 .059 

Note: Inverse Efficiency Scores (IES) were analysed by means of a 2 (Task Condition: 

Individual vs. Joint Action) x 2 (Imitative Response: Individual vs. Joint Imitation) x 2 (RT 

Group: Fast vs. Slow Responder) repeated measures ANOVA with Task Condition and 

Imitative Response as within-subjects factors. 
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Table A-3 

Full ANOVA results for the follow-up IES analysis of fast responder 

Effect df F p ηp
2 

Task Condition 1, 117 2.48 .118 .021 

Imitative Response 1, 117 0.29 .593 .002 

Task Condition × 

Imitative Response 
1, 117 0.33 .569 .003 

Note: Inverse Efficiency Scores (IES) were analysed by means of a 2 (Task Condition: 

Individual vs. Joint Action) x 2 (Imitative Response: Individual vs. Joint Imitation) x 2 (RT 

Group: Fast vs. Slow Responder) repeated measures ANOVA with Task Condition and 

Imitative Response as within-subjects factors. 
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B. Supplementary material for Study II 

B1. Learning phase results 

Table B1-1   

Learning phase performance as a function of subsequent test phase condition 

 Solo Learning Phase  Joint Learning Phase (1st Block)  Joint Learning Phase (2nd Block) 

 Individually 

Comp. 

Individually 

Incomp. 
 

Individually 

Comp. 

Individually  

Incomp. 

 Individually 

Comp 

Individually 

Incomp. 

 Jointly 

Comp. 

Jointly 

Incomp. 

Jointly 

Comp. 

Jointly 

Incomp. 
 

Jointly 

Comp. 

Jointly 

Incomp. 

Jointly 

Comp. 

Jointly 

Incomp. 

 Jointly 

Comp. 

Jointly 

Incomp. 

Jointly 

Comp. 

Jointly 

Incomp. 

Outcome 

Ratio 

47% 

±8% 

50% 

±2% 

50% 

±2% 

51% 

±4% 

 51% 

±4% 

49% 

±3% 

50% 

±1% 

51% 

±2% 

 50% 

±2% 

52% 

±3% 

50% 

±2% 

50% 

±1% 

Error 

Rate 

0.3% 

±1% 

0.3% 

±0.8% 

0.6%, 

±1.2% 

0% 

 

 5.8% 

±3.1% 

7.7%, 

±2.5% 

13.8%, 

±9.3% 

5.8%, 

±3.5 

 6.5% 

±3.4% 

5.4% 

±4.8% 

4.7% 

±4.7% 

9.6% 

±5.6% 

Note. Group means and standard deviations of outcome ratios and error rates in the solo and joint part of the learning phase. Outcome ratios 

represent the relative frequency of high tones and high chords produced in the solo and joint part of the learning phase respectively. None of the 

outcome ratios differed significantly from chance (all t < 1.96). Analysis of error rates in the first block of the joint learning phase as a function 

of pairs’ subsequent test phase condition revealed a significant interaction between Individual Compatibility and Joint Compatibility, F(1,32) = 

7.71, p = 0.009,  ηp
2 = .194, indicating that pairs’ performance in the first block of the joint learning phase was not comparable between the four 

test phase groups. Subsequent pairwise comparisons between the four test phase groups showed that the interaction was driven by higher error 

rates in the group who later performed the test phase with an individually incompatible/jointly compatible stimulus response mapping (marked 

in bold) compared to the other three groups.  
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B2. Test phase results with Joint Compatibility as within-subjects factor 

Table B2-1 

Descriptive statistics for the full experimental design 

 Jointly Compatible 1st  Jointly Incompatible 1st 

 Individually Compatible  Individually Incompatible  Individually Compatible  Individually Incompatible 

 Jointly 

Compatible 

Jointly 

Incompatible 

 Jointly 

Compatible 

Jointly 

Incompatible 

 Jointly 

Compatible 

Jointly 

Incompatible 

 Jointly 

Compatible 

Jointly 

Incompatible 

IES 
632ms 

±21.7ms 

583ms 

±21.7ms 

 720ms 

±46.3ms 

646ms 

±46.3ms 

 582ms 

±28.7ms 

579ms 

±28.7ms 

 546ms 

±29.2ms 

584ms 

±29.2ms 

RT 
567ms 

±15.9ms 

541ms 

±15.9ms 

 595ms 

±20.7ms 

551ms 

±20.7ms 

 519ms 

±16.7ms 

509ms 

±16.7ms 

 515ms 

±13.8ms 

521.6ms 

±13.8ms 

ER 
9.61% 

±2.61% 

6.76% 

±2.61% 

 16.0% 

±4.14% 

13.5% 

±4.14% 

 10.1% 

±2.38% 

11.9% 

±2.38% 

 5.38% 

±2.74% 

9.86% 

±2.74% 

|Asy| 
125ms 

±11.6ms 

134ms 

±11.6ms 

 165ms 

±17.7ms 

149ms 

±17.7ms 

 114ms 

±13.6ms 

115ms 

±13.6ms 

 114ms 

±21.8ms 

110ms 

±21.8ms 

Note. Group means and 95% confidence intervals for the test phase performance measures for each cell of the 2 (Individual Compatibility: Ind. 

Compatible vs. Ind. Incompatible) x 2 (Joint Compatibility: Joint Compatible vs. Joint Incompatible) x 2 (Block Order: Joint Compatible 1st vs. 

Joint Incompatible 1st) experimental design with Joint Compatibility manipulated within-subjects and Individual Compatibility and Block Order 

manipulated between-subjects. Confidence intervals are corrected for within subjects designs (Morey, 2008). 
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Table B2-2 

ANOVA results for the full experimental design 

 IES  RT  ER  |Asy| 

Effect F(1,66) p ηp
2 F(1,66) p ηp

2  F(1,66) p ηp
2  F(1,31) p ηp

2 

Ind. Compatibility 2.20 .143 .032  0.76 .388 .011  0.92 .342 .014  2.06 .161 .062 

Joint Compatibility 3.93 .051 .056  10.5 .002 .137  0.06 .807 < .001  0.27 .605 .009 

Block Order 13.4 < .001 .166  12.3 < .001 .157  1.68 .199 .014  11.8 .002 .276 

Ind. Compatibility x 

Joint Compatibility 
0.14 .708 .002 

 
0.01 .935 < .001  0.54 .466 .008  2.17 .151 .065 

Ind. Compatibility x 

Block Order 
5.12 .027 .072 

 
0.26 .615 .004  8.86 .004 .118  2.96 .095 .087 

Joint Compatibility x 

Block Order 
12.5 < .001 .159 

 
8.45 .005 .114  7.91 .006 .107  0.01 .912 < .001 

Ind. Compatibility x 

Joint Compatibility x 

Block Order 

2.20 .143 .032 

 

2.30 .135 .034  0.29 .589 .004  0.89 .353 .028 

Note. IES, RTs, ER and |Asy| were each subject to 2 (Individual Compatibility: Ind. Compatible vs. Ind. Incompatible) x 2 (Joint Compatibility: Joint 

Compatible vs. Joint Incompatible) x (Block Order: Joint Compatible 1st vs. Joint Incompatible 1st) mixed ANOVA with Joint Compatibility as within-

subjects factor and Individual Compatibility and Block Order as between-subjects factors. Significant effects are marked in bold font.  
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C. Supplementary material for Study III 

C1. Additional results for Experiment 1 

Table C1-1  

Bayesian Model Comparison Results for Response Time Analysis in Experiment 1 

Models P(M) P(M|data) BFM BF01 error % 

Movement Goal Congruency + Action Goal Congruency + Movement Goal Congruency × 

Action Goal Congruency 

0.053 0.338 9.201 1.000 
 

Action Goal Congruency 0.053 0.193 4.293 1.757 3.029 

Movement Goal Congruency + Action Goal Congruency + Task Goal + Movement Goal 

Congruency × Action Goal Congruency 

0.053 0.169 3.658 2.003 8.692 

Movement Goal Congruency + Action Goal Congruency + Task Goal + Movement Goal 

Congruency × Action Goal Congruency + Action Goal Congruency × Task Goal 

0.053 0.086 1.683 3.956 10.217 

Action Goal Congruency + Task Goal 0.053 0.084 1.656 4.016 6.297 

Action Goal Congruency + Task Goal + Action Goal Congruency × Task Goal 0.053 0.048 0.905 7.064 6.754 

Movement Goal Congruency + Action Goal Congruency 0.053 0.026 0.481 12.991 17.356 

Movement Goal Congruency + Action Goal Congruency + Task Goal + Movement Goal 

Congruency × Action Goal Congruency + Movement Goal Congruency ×  Task Goal 

0.053 0.024 0.439 14.220 11.878 

Movement Goal Congruency + Action Goal Congruency + Task Goal + Movement Goal 

Congruency × Action Goal Congruency + Movement Goal Congruency × Task Goal + 

Action Goal Congruency × Task Goal 

0.053 0.012 0.210 29.304 10.631 

Movement Goal Congruency + Action Goal Congruency + Task Goal 0.053 0.009 0.170 36.113 7.868 

Note.  Only the 10 best out of all 19 models are shown. Results were obtained using a default prior specification for model parameters with r scale 

for fixed effects = .5. Model comparison results using two different prior settings can be found in the supplement.   
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Table C1-2 

ANOVA Results for Error Rate Analysis in Experiment 1 

Effect df F p ηp
2 

Task Goal 1,188 1.105 .295 .006 

Action Goal Congruency 1,188 6.349 .013 .033 

Movement Goal Congruency 1,188 3.821 .052 .02 

Task Goal × Action Goal Congruency 1,188 0.065 .799 3.4 × 10-4 

Task Goal × Movement Goal 

Congruency 

1,188 0.898 .345 .005 

Action Goal Congruency × Movement 

Goal Congruency 

1,188 8.760 .003 .045 

Task Goal × Action Goal Congruency 

× Movement Goal Congruency 

1,188 1.002 .318 .005 

Note. Based on Type III Sum of Squares 

Figure C1-1 Mean error rates in Experiment 1 as a function of Task Goal, Action Goal 

Congruency and Movement Goal Congruency. Error bars represent standard errors of the 

mean (SEM) corrected for within subjects designs (Morey, 2008). Asterisks mark simple 

main effects between factor levels reaching significance after Bonferroni-correcting alpha 

levels for multiple comparisons. * p  < .05. 
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C2. Additional results for Experiment 2 

Table C2-1  

Bayesian Model Comparison Results for Response Time Analysis in Experiment 2 

Models P(M) P(M|data) BFM BF01 error % 

Movement Goal Congruency + Action Goal Congruency + Movement Goal 

Congruency × Action Goal Congruency 

0.053 0.397 11.841 1.000 
 

Movement Goal Congruency + Action Goal Congruency + Task Goal + Movement 

Goal Congruency × Action Goal Congruency 

0.053 0.272 6.733 1.458 8.974 

Movement Goal Congruency + Action Goal Congruency + Task Goal + Movement 

Goal Congruency × Action Goal Congruency + Action Goal Congruency ×  Task Goal 

0.053 0.207 4.710 1.913 6.339 

Movement Goal Congruency + Action Goal Congruency + Task Goal + Movement 

Goal Congruency × Action Goal Congruency + Movement Goal Congruency ×  Task 

Goal + Action Goal Congruency ×  Task Goal 

0.053 0.055 1.053 7.181 11.928 

Movement Goal Congruency + Action Goal Congruency + Task Goal + Movement 

Goal Congruency × Action Goal Congruency + Movement Goal Congruency ×  Task 

Goal 

0.053 0.052 1.006 7.495 10.774 

Movement Goal Congruency + Action Goal Congruency + Task Goal + Movement 

Goal Congruency × Action Goal Congruency + Movement Goal Congruency ×  Task 

Goal + Action Goal Congruency ×  Task Goal + Movement Goal Congruency × Action 

Goal Congruency × Task Goal 

0.053 0.015 0.281 25.787 33.670 

Movement Goal Congruency  0.053 3.5 × 10-13 6.3 × 10-12 1.1 × 1012 4.041 

Action Goal Congruency + Task Goal + Action Goal Congruency ×  Task Goal 0.053 2.4 × 10-13 4.0 × 10-12 1.6 × 1012 6.261 

Action Goal Congruency + Task Goal 0.053 1.9 × 10-13 3.3 × 10-12 2.1 × 1012 6.165 

Movement Goal Congruency + Action Goal Congruency  0.053 9.4 × 10-14 1.7 × 10-12 4.2 × 1012 4.011 

Note.  Only the 10 best out of all 19 models are shown. Results were obtained using a default prior specification for model parameters with r scale 

for fixed effects = .5. Model comparison results using two different prior settings can be found in the supplement.   
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Table C2-2 

ANOVA Results for Error Rate Analysis in Experiment 2 

Effect df F p ηp
2 

Task Goal 1,184 4.562 .034 .024 

Action Goal Congruency 1,184 8.505 .004 .044 

Movement Goal Congruency 1,184 0.044 .834 2.4 × 10-4 

Task Goal × Action Goal Congruency 1,184 1.939 .166 .010 

Task Goal × Movement Goal Congruency 1,184 0.027 .869 1.4 × 10-4 

Action Goal Congruency × Movement 

Goal Congruency 

1,184 16.632 < .001 .083 

Task Goal × Action Goal Congruency × 

Movement Goal Congruency 

1,184 0.206 .651 .001 

Note. Based on Type III Sum of Squares 

 

  

Figure C2-1. Error rates in Experiment 2 as a function of Task Goal, Action Goal Congruency 

and Movement Goal Congruency. Error bars represent standard errors of the mean (SEM) 

corrected for within subjects designs (Morey, 2008). Asterisks mark simple main effects 

between factor levels reaching significance after Bonferroni-correcting alpha levels for multiple 

comparisons. ** p < .01, * p  < .05. 
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D. Supplementary material for Study IV 

Table D-1 

ANOVA Results for Error Rate Analysis in Experiment 1 

Effect df F p ηp
2 

Task Condition 1,57 0.17 .678 .003 

Action Goal Congruency 1,57 0.20 .655 .004 

Movement Goal Congruency 1,57 0.18 .674 .003 

Task Condition × Action Goal Congruency 1,57 3.30 .074 .055 

Task Condition × Movement Goal Congruency 1,57 0.03 .866 < .001 

Action Goal Congruency × Movement Goal 

Congruency 

1,57 4.58 .037 .074 

Task Condition × Action Goal Congruency × 

Movement Goal Congruency 

1,57 1.73 .193 .030 

Note. Based on Type III Sum of Squares 

 

Table D-2 

ANOVA Results for Error Rate Analysis in Experiment 2 

Effect df F p ηp
2 

Task Condition 1,58 1.02 .317 .017 

Action Goal Congruency 1,58 0.67 .415 .011 

Movement Goal Congruency 1,58 0.06 .811 < .001 

Task Condition × Action Goal Congruency 1,58 0.23 .635 .004 

Task Condition × Movement Goal Congruency 1,58 0.92 .341 .016 

Action Goal Congruency × Movement Goal 

Congruency 

1,58 0.07 .790 .001 

Task Condition × Action Goal Congruency × 

Movement Goal Congruency 

1,58 1.49 .223 .025 

Note. Based on Type III Sum of Squares 
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Table D-3 

ANOVA Results for Error Rate Analysis in Experiment 3 

Effect df F p ηp
2 

Task Condition 1,207 1.16 .283 .006 

Action Goal Congruency 1,207 2.24 .136 .011 

Movement Goal Congruency 1,207 1.20 .275 .006 

Task Condition × Action Goal Congruency 1,207 0.28 .600 .001 

Task Condition × Movement Goal Congruency 1,207 0.14 .711 < .001 

Action Goal Congruency × Movement Goal 

Congruency 

1,207 0.05 .821 < .001 

Task Condition × Action Goal Congruency × 

Movement Goal Congruency 

1,207 1.10 .296 .005 

Note. Based on Type III Sum of Squares 
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