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Summary 

Proper social interaction requires that we understand what people around us are doing 

and can infer their intentions and goals. Perceiving the actions of others is thus a prerequisite 

for action understanding. However, it remains unclear what information is de facto exploited 

by action observers to make accurate predictions concerning other people’s actions when 

confronted by the large number of possible action options. 

During action perception, information about manipulated objects and the movements of 

corresponding body parts (i.e., action kinematics) is exploited. However, this primary action 

information is often not perceived under perfect visual conditions. In addition, it is not sufficient 

for long-term goal inferences. Actions are naturally embedded in a contextual situation, i.e., 

they take place within particular settings and are performed by intentional actors. As such, 

contextual cues can help to fill in the gaps (when needed) and allow higher-level meaning to be 

inferred. Thus, to enable a full understanding of an action, it has been suggested that this 

secondary or contextual information is integrated as part of the perception of actions. 

Building on these findings, the present work aimed at investigating whether and how 

contextual objects (COs), which are part of an action scene yet not integrated into the action 

itself, have an impact on action observation on a neural level. I aimed to answer questions 

concerning which (CO) information is read by the observer of an action and which factors 

influence the selection of the information that the observer notices. This was tackled by 

modulating two factors of the CO: the semantic relation to the observed action (goal affinity 

(GA)) and the spatial relation to the observed action (location ergonomics (LE)). Behavioural 

studies and two functional magnetic resonance imaging (fMRI) experiments were conducted to 

test 1) whether CO information is read by action observers and influenced by its semantic and 

spatial relation to the observed action; 2) whether, depending on the CO’s location, participants 

establish their own action space by perceiving COs within an observed action scene, not only 
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with reference to the action but also with reference to themselves; and 3) whether the processing 

of CO information is driven by a CO’s informative value to the observed action and its predicted 

(higher-level) outcome. 

Study 1 investigated the neural mechanisms underlying the integration of COs in 

semantic and spatial relation to observed actions. Participants observed action videos in which 

COs and observed actions either possessed or lacked common overarching goals (goal affinity), 

and in which their location relative to the actor varied (location ergonomics). High goal affinity 

increased bilateral activity in the occipitotemporal cortex (OTC) and the intraparietal sulcus 

(IPS), but also in the precuneus and middle frontal gyri, implying that the semantic relation 

between COs and actions is considered during action observation and triggers processes beyond 

those usually involved in action observation. Moreover, COs with high goal affinity located 

close to the actor’s dominant hand additionally engaged the bilateral inferior frontal gyrus 

(IFG), corroborating the view that the IFG is critically involved in the integration of action steps 

in pursuit of a common overarching goal. 

Study 2 investigated whether, depending on their location, COs can trigger an observer-

referenced processing. I reasoned that depending on the location a CO, action observers might 

also establish their own (virtual) action space by perceiving the CO not only regarding the 

observed action but also with reference to themselves. Participants were presented with the 

action videos from Study 1 that contained COs at varying locations on a table. A behavioural 

study assessing reachability scores of the COs from an observing perspective was conducted. 

Results suggest that, in addition to an actor space, participants created their own action space 

within the presented scene. These scores were subsequently used to model the BOLD response 

in the fMRI data set from Study 1. The fMRI analysis revealed significant activations in the 

premotor, cingulate, inferior parietal, and insular cortices in addition to the left IFG, 

parametrically increasing with reachability of the presented CO for the observer. These findings 
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suggest that proximal located COs furnish action observers with their own action possibilities, 

and hence, even just observing an action from 3pp can trigger the involvement of an observer-

referenced perspective. 

Based on the findings of Studies 1 and 2, I reasoned that the processing of COs might 

be driven by a particular CO’s informative impact on the observed action, rather than by 

congruency per se. In contrast to Study 1, Study 3 thus investigated whether incongruent COs, 

which match neither the current action nor the corresponding room category, exert a strong 

impact on action observation. I hypothesized that both highly congruent COs and incongruent 

COs provide rich information regarding potential upcoming action steps. Specifically, I tested 

the hypothesis that the IFG subserves this selection and integration process. As hypothesized, 

the processing of both highly congruent and incongruent COs engaged the OTC and the IPS. 

Moreover, the activation of all IFG compartments significantly increased for both CO levels, 

whereas the engagement of Brodmann Area (BA) 47 was significantly stronger for incongruent 

COs.  

Together, the experimental data support the view that CO information is selectively used 

by action observers in order to construe the higher-level meaning of an action and thus predict 

an action’s unfolding. This selection seems to be based on the informative impact of the CO on 

the observed action. 
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1. Theoretical and Empirical Background 

From the beginning of our lives, we are constantly observing what other people are 

doing and thus trying to understand what their aims are. This ability is vital in order to navigate 

through our social world and to properly react and interact with one another. Thus, the 

capability to derive intentions, to capture action goals and to predict the future steps of an 

unfolding action is highly important for decent social interaction. Consequently, action 

observation and understanding has become an intensively investigated and discussed research 

field in human cognitive (neuro)science (cf. Overwalle & Beatens, 2009; Caspers, Zilles, Laird, 

& Eickhoff, 2010).  

An everyday action is an extremely complex stimulus carrying many different types and 

amounts of information. It remains unsettled how we understand, simply by observation, the 

actions of others. When we observe an action, we are seldom presented solely with a single 

action step, consisting of a manipulation movement and a manipulated object (core 

information), performed in isolation. Instead, we are exposed to countless cues that may impact 

the perception of an action (contextual information) and especially its outcome, i.e., the 

overarching action goal. To give some examples, an action is usually embedded in a contextual 

scene that may include room information, actor information and additional object information, 

as well as spatial relations between objects and agents. Due to this contextual information, 

seeing somebody cracking an egg can have different implications. For example, if the 

manipulation is performed within a bakery setting (or at least in the presence of a baking bowl), 

one could infer that the person is trying to bake a cake. However, when performed in a typical 

kitchen and in the presence of a frying pan, one might instead expect the person to be preparing 

scrambled eggs. If the observed action scene additionally contained another actor who was 

buttering a bread, one might further expect that breakfast was going to be prepared. 
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In this way, action recognition involves not only the reading of body movements and of 

the objects involved, but also the integration of contextual information, i.e., the environment in 

which an action takes place (cf. Malcolm, Groen, & Baker, 2016). The process of inferring 

superordinate goals and generating predictions about forthcoming action steps should benefit 

especially from screening the action’s immediate environment, and in particular, additional 

objects that are located within reach of an agent, and could thus be used in action steps 

subsequent to the observed action. In fact, objects themselves provide action observers with 

their functional use — that is, not only in terms of how they must be used (i.e., kinematics) but 

in terms of their function (i.e., intention) (e.g., a credit card is for paying) — thereby providing 

additional meaningful information (Bach, Nicholson, & Hudson, 2014; Nicholson, Roser, & 

Bach, 2017). As such, objects located close to oneself (i.e., the observer) can also provide 

meaningful information during action observation. Our social world comprises situations which 

involve not only the understanding of another person’s intention to act, but at the same time, 

one’s own ability and opportunity to act and interact with others and with the environment. This 

ability is necessary to adequately select actions when facing cooperation or competition. 

In this thesis, I will focus on the impact of contextual information on action 

understanding in terms of such additional objects, referred to as contextual objects. Contextual 

objects are part of an observed action scene, i.e., part of its contextual setting, but never 

involved in the observed action itself. I investigate whether and under which circumstances this 

type of contextual information is exploited to constrain an observer’s expectations concerning 

an observed action and its outcome, thereby potentially subserving goal anticipation. More 

specifically, I investigate the neural mechanisms underlying these processes. 

In the following sections, I will give a detailed description of action as a stimulus, 

including different hierarchies of an action and its outcome, as well as the differentiation of 

core (i.e., primary) and contextual (i.e., secondary) action information types. I will then briefly 



 1.1 Action as a stimulus 

7 
 

give an overview of the existing theories of action understanding, followed by a summary of 

current findings on the impact of contextual information on object recognition and action 

observation. Finally, the relevant neural correlates underlying these issues will be discussed. 

 

1.1 Action as a stimulus 

In order to investigate how we understand what others aim to do by simple observation, 

action observation paradigms, which treat action as a stimulus, are invaluable. Since actions 

can be understood on different levels of abstraction, it is crucial to review the literature with 

regard to the concepts and definitions the term action can entail. 

An action is by definition a change in the environment induced by an (intentional) actor 

(Zacks & Tversky, 2001). Accordingly, actions are goal-directed: that is, they are subject to a 

specific purpose (Csibra & Gergely, 2007). Noppeney (2008) differentiates actions into i) hand 

actions and ii) whole-body movements: while whole-body movements are intransitive in nature 

(e.g., running), hand actions can be either intransitive (e.g., waving somebody goodbye or 

pointing to something) or transitive, i.e., involving objects. The majority of hand actions, 

however, are transitive and thus depict object manipulations.1 Depending on the definition of 

the beginning and end of an action, actions can be temporally structured on various scales: for 

example, “making coffee” can be regarded as a single action. When considered on a more fine-

grained scale, however, it also can be considered as a sequence of action steps: that is, taking 

the coffee filter, putting it into a plastic filter, filling the filter with coffee powder, and so on 

(cf. Hrkać, Wurm, & Schubotz, 2014). On the other hand, when considered on a larger temporal 

scale, an action may be part of another overarching action, such as “preparing breakfast” (Kurby 

& Zacks, 2008). Like using a camera zoom on an object consisting of various objects we are 

                                                
1 In this thesis, transitive actions are the main focus. Thus, when using the term action, I am referring to an object 
manipulation. 
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posed with the problem of a wide action gamut in terms of (non-atomic) definition and inherent 

understanding. It has been suggested that this convoluted organization of an action is also 

reflected in its neural representation. In order to properly investigate action observation and 

understanding, it is important to differentiate between the types of information that can relate 

to an action (as a stimulus), the hierarchical subdivisions of an action and the different levels 

of its outcome, i.e., different levels of action goals. I will account for these issues in the 

following sub-sections. 

 

1.1.1 Core vs contextual action information 

When we observe an action (e.g., squeezing a lemon), we are typically confronted with 

a manipulation movement (e.g., squeezing) and the corresponding manipulated objects (e.g., 

the lemon and the squeezer). While the visual analysis of the manipulation movement (or action 

kinematics) incorporates its movement trajectories and the posture of the hands, the visual 

analysis of an object includes its pragmatic information (shape and size), as well as its semantic 

information, i.e., its functional use (or affordance, see below) (e.g., Bach et al., 2014; Nicholson 

et al., 2017; see Gibson, 1977, 1979). This information has to be processed in order for the 

observed action to be unambiguously recognized. It is termed core information (or primary 

action information). Thus, when participants are able to name the action (squeezing a lemon) 

after having observed the corresponding object manipulation, they have processed both object 

and manipulation information. Here, fMRI has proven an effective method for disentangling 

the signatures involved in the processing of these two core information types, which are 

simultaneously available (Grafton & Hamilton, 2007; Schubotz & von Cramon, 2009; Wurm, 

von Cramon, & Schubotz, 2012).  

For example, studies have shown that the posterior superior temporal sulcus (pSTS) is 

sensitive to biological motion (Grossman et al., 2000), and that the lateral occipital complex 
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(LOC) — including the fusiform gyrus — is selective for processing visual object information 

(Grill-Spector, Kourtzi, & Kanwisher, 2001). However, action observation engages a larger 

fronto-parietal network and is not limited to areas processing these information sources. The 

underlying neural correlates will be thoroughly examined in Section 1.4. 

Studies have shown that an action observer processes both sources of information even 

when the object information proves useless or even hinders the recognition of the performed 

manipulation, as is the case in pantomime with incompatible objects (Schubotz & von Cramon, 

2009; Wurm et al., 2012).2 This may be owing to the fact that objects are recognized earlier 

(< 200 ms) than manipulations, as manipulations only develop over time. In addition, object 

information itself implies potential actions (Buxbaum, Kyle, Tang, & Detre, 2006; Johnson-

Frey, 2004). This is referred to as the concept of affordance (see Section 1.3), according to 

which the environment (including objects) implies information about possible actions (Gibson, 

1977, 1979; Jeannerod, 1994; Fagg & Arbib, 1998). As such, objects provide an observer with 

a visuomotor priming effect when their perception facilitates an action that is congruent with 

their visual properties (Craighero, Fadiga, Rizzolatti, & Umilta, 1998; Craighero, Fadiga, 

Umilta, & Rizzolatti, 1996). Interestingly, this effect is dependent on the object’s reachability 

(Costantini, Ambrosini, Sinigaglia, & Committeri, 2010; Costantini, Committeri, & Sinigaglia, 

2011): that is, it only occurs when the object is within reach (cf. Maranesi, Bonini, & Fogassi, 

2014) of either the actor (Costantini et al., 2010) or the observer (Costantini et al., 2011; 

Brozzoli, Gentile, Bergouignan, & Ehrsson, 2013; see also Creem-Regehr, Gagnon, Geuss, & 

Stefanucci, 2013). As a matter of fact, recent monkey (Ishida, Nakajima, Inase, & Murata, 

2010) and human (Brozzoli et al., 2013; Brozzoli, Ehrsson, & Farnè, 2014) studies have shown 

that the same neuronal populations in the parietal and ventral premotor cortices respond to both 

                                                
2 Pantomime with incompatible objects depicts specific action kinematics (e.g., cracking an egg) that are performed 
on objects that are incompatible with regard to that action (e.g., a lemon and a squeezer). 
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objects close to one’s own hand and objects close to another person’s hand. Object affordances 

are thus space dependent.3 

On the other hand, it has been found that observing action kinematics can help us 

understand and predict actions of others (Hamilton, Joyce, Flanagan, Frith, & Wolpert, 2007; 

Aglioti, Cesari, Romani, & Urgesi, 2008; Gowen, 2012). This is especially the case for complex 

social stimuli, i.e., real-life situations. Actions might be performed within cooperative or 

competitive situations (Manera, Becchio, Cavallo, Sartori, & Castiello, 2011); they might 

include multiple objects and/or imply different actions which can be performed with them 

(Schubotz, Wurm, Wittmann, & von Cramon, 2014). For example, when observing someone 

sitting in front of an apple and a knife, two actions could be expected: peeling or cutting the 

apple. It is not until the manipulation movement begins (cutting) that one can precisely name 

the observed action (cutting an apple). 

Hence, if core information is available an observer can identify the immediate 

consequence of an object manipulation, thus labelling the action (e.g., squeezing a lemon). 

Moreover, one might even be able to infer possible goals of that action based on prior 

experience (e.g., preparing lemonade). However, it is not until the contextual setting of that 

observed action is taken into account (e.g., a kitchen, a salad bowl next to the action site) that 

a prediction can be made about the ongoing action, which is more likely than others (e.g., 

preparing a salad). Hence, information that may not actually be relevant for the recognition of 

an ongoing action step is still often crucial for higher-level processes like the inference of goals 

and intentions, and thus the prediction of forthcoming action steps. This information type is 

called contextual information (or secondary action information). Context per se has been 

                                                
3 The space around an individual can be divided into three areas: personal space, peripersonal space (PPS) and 
extrapersonal space. Personal space covers the surface of our body, whereas PPS or “action space” is the space 
surrounding our body that is reachable with our arms and hands. Finally, extrapersonal space is defined as the 
space that is unreachable with simple arm movements (di Pellegrino & Làdavas, 2015; Rizzolatti, Fadiga, Fogassi, 
& Gallese, 1997). 
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defined as everything within a given situation that shows or impacts the meaning of a target 

stimulus (Kokinov, 1997), or “the sensory/behavioural/cognitive milieu that influences the way 

each sensory feature is perceived” (Albright & Stoner, 2002, p. 340). Contextual information 

may be broadly subdivided into two classes: i) person-related contextual information, and ii) 

scene-/situation-related contextual information. While the former is allocated to the performing 

agent of an action and includes information on mental or social states, the latter is, as suggested 

by the name, derived from the scene in which the observed action takes place. This might 

include prototypical social or cultural events (e.g., a wedding) but also more fine-grained scene 

aspects, such as the room in which an action takes place (Wurm & Schubotz, 2012). It is worth 

noting that scenes not only contain specific objects or even object-categories, but also several 

non-moveable elements with fixed spatial locations, such as floors, ceilings, trees, etc., which 

contribute to the gist of a scene (e.g., a kitchen vs a forest) (cf. Joubert, Rousselet, Fize, & 

Fabre-Thorpe, 2007; Malcolm et al., 2016). As humans tend to process information with regard 

to a global understanding (Fiske & Taylor, 1991) — that is, there is a natural human tendency 

to draw together several pieces of information to construct higher-level meaning in context 

(Frith & Happe, 1994) 4 — the scene in which an action takes place should possess information 

relevant for action understanding.  

Contextual information can impact action perception on different levels. Hence, before 

reviewing important findings regarding the impact of contextual information on action 

observation, it is necessary to consider the different hierarchies of an action and the different 

levels of its outcome, i.e., different levels of action goals.  

 

                                                
4 This tendency is referred to as the concept of Central Coherence (Frith & Happe, 1994). Central Coherence 
includes two aspects: global perception and contextual sensitivity. The former is used in order “to see the forest 
for the trees”, whereas the latter refers to the ability “to use the forest in order to quickly recognize the trees as 
trees” (Vermeulen, 2015). Whereas the former might be associated with using context to infer overarching action 
goals, the latter might be associated with contextual facilitation during object or action identification. 
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1.1.2 Action hierarchies 

In this section, I will consider the different hierarchies of an action. Regarding the 

hierarchy of an action, different models have been proposed (Byrne & Russon, 1998; Csibra, 

2007; Grafton & Hamilton, 2007; Hamilton & Grafton, 2006, 2007; Jeannerod, 1994; Kilner, 

Friston, & Frith, 2007; Kilner, 2011; Wolpert, 1997; Wolpert, Doya, & Kawato, 2003). Grafton 

and Hamilton (2007) have suggested three levels in the hierarchy of an action: the muscle level, 

the kinematic level and the goal level. At the bottom of the hierarchy is the muscle level, 

representing the activity of the muscles needed to perform the action. On that level, motor 

neurons in the brainstem and the spinal cord are innervated, eventually inducing movement 

(Porter, 1985). The intermediate level, the kinematic level, represents the movement in space 

of an effector. Here, upper motor neurons in the premotor and motor cortices induce the 

movement kinematics of the effector (Dum & Strick, 2002; Graziano, 2006). Finally, at the top 

of the hierarchy is the goal level, representing the intention of the actor and the desired outcome 

of that action. Hamilton and Grafton (2007) have proposed the goal level to be coded by the 

parietal cortex, and more specifically, the anterior intraparietal sulcus. 

Kilner et al.’s model (2007) resembles Hamilton and Grafton’s model (2007) in many 

aspects, but it makes a further distinction between goals and intentions, thereby proposing four 

levels in the hierarchy of an action. According to Kilner and colleagues (Kilner et al., 2007; 

Kilner, 2011), the goal level describes short-term goals (e.g., reaching to grasp a glass of water) 

that are necessary to achieve the long-term intention, while the intention level defines the long-

term goal of an action (e.g., drinking to quench thirst). This further distinction is reasonable 

given that intentions are mental states of an agent, not directly visually accessible to an observer 

(Premack & Woodruff, 1987), and are further thought to precede an action (Zhu & Buckareff, 

2006). On the other hand, a goal is the (anticipated) outcome of an action, and will therefore 

eventually be achieved by an observed action; goals are thus likely to be visually accessible to 
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an observer, at least in the future. Kilner (2011) makes this distinction between goals and 

intentions on a conceptual level but not on a neural level. In contrast to Hamilton and Grafton 

(2007), Kilner (2011) suggests middle temporal areas and the anterior IFG (BA 47) to be 

responsible for coding goal inferences. 

Taken together, the neural correlates of the lower levels of an action hierarchy have been 

well studied, whereas the neural correlates of higher levels (i.e., goals and intentions) seem not 

to have been conclusively ascertained yet. This might in part be owing to the fact that 

psychologists and neuroscientists have used the terms goal and intention interchangeably. 

Moreover, the term goal has been used ambiguously in the research literature, as it can refer to 

different sub-states of an action (or its outcome) (cf. Section 1.1). Therefore, I will consider 

goals and intentions more closely in the following section. 

 

1.1.3 Goals and intentions 

The term goal itself has already been found to be used in at least three different ways 

throughout the literature (Uithol, van Rooij, Bekkering, & Haselager, 2011). On the most basic 

level, a goal has been described as a target in space, thus depicting (e.g.,) pointing to 

(Wohlschlager & Bekkering, 2002), reaching for (Bekkering, Wohlschlager, & Gattis, 2000) or 

grasping an object (Hamilton & Grafton, 2006). On the intermediate level, the term goal has 

been used interchangeably with the term action, commonly brought down by early macaque 

literature on mirror neurons (e.g., Gallese & Goldman, 1998; Rizzolatti & Craighero, 2004). 

Finally, goals have been described as a desired outcome or state of an action, such as “a prepared 

breakfast” or “a full cup of tea” (cf. Csibra & Gegely, 2007). Apart from the wide range of 

definitions used to describe an action goal itself, there have also been ambiguities regarding the 

usage of the terms intention and goal in the action literature (Hamilton, 2009; Iacoboni et al., 

2005). As briefly described in Section 1.1.2, the main difference between intentions and goals 
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is that an intention is a mental state, not directly visually accessible (Premack & Woodruff, 

1987), that precedes the execution of an action, while a goal refers to the forthcoming states in 

the external world and thus should be at least perceivable as a future state of an observed action. 

In fact, Iacoboni et al. (2005) have defined an intention as the ‘why’ of an action. However, 

when asking participants in studies about the ‘why’ of an observed action, they were found 

either to infer goals or to envision the mental state of the agent, which relate to two different 

cognitive processes (cf. Frith & Frith, 2005, 2006; Saxe, 2005). Thus, using the term intention 

may be disadvantageous due to its potential to confuse mental state and goal inferences. To 

give an example, on a basic level, the ‘why’ and thus the intention of the action grasping could 

have (e.g.,) two intentions: “grasping to drink” or “grasping to write”. Writing or drinking, in 

turn, can themselves be described as actions, or at the very least, as the more distal action goals 

of the sub-goal grasping that may or may not become true as its future state. Similarly, there 

could be different intentions behind writing, e.g., “writing a summary” to “study for a test” or 

“writing a letter” to “stay in contact with someone/socially interact”. To avoid ambiguity, in 

the present thesis when referring to the term goal, I mean a desired end state or outcome of an 

action. In the next section, I will give an overview of the three main neurocognitive theories on 

action understanding. 

  

1.2 Theories on action understanding 

There are three major neurocognitive accounts regarding the understanding of action 

and the involvement of the motor system: direct matching, action reconstruction and predictive 

coding. I will briefly describe each theory within this section, before turning to more specific 

neural correlates in Section 1.4. 
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1.2.1 Direct matching theory 

After the discovery of mirror neurons in the macaque premotor area F5 (di Pellegrino, 

Fadiga, & Fogassi, 1992), and later in the parietal areas termed PFG and AIP (Fogassi et al., 

2005; for a review, see Rizzolatti & Sinigaglia, 2010), the idea of shared representations of 

action and perception attracted much attention among neuroscientists. Mirror neurons in the 

macaque monkey were found to modulate their activity during the execution of an action as 

well as during the observation of the same (or similar) action performed by another individual. 

This mirror neuron network in the macaque monkey corresponds to a fronto-parietal network 

in the human brain (for a review, see Rizzolatti & Sinigaglia, 2010). Based on the findings 

relating to mirror neurons, a theory called direct matching was put forward that suggests that 

an observed action is directly mapped to a corresponding motor representation of that action in 

the observer’s motor repertoire, i.e., the motor system of the action observer resonates with the 

observed action (Rizolatti, Fogassi, & Gallese, 2001). Through this simulation process (or 

“mirroring”), goals and intentions of the observed action can be inferred (Gallese & Goldman, 

1998) and subsequently understood. In this sense, action understanding is retrodictive (Zentgraf 

et al., 2011), i.e., a visually perceived action is propagated bottom-up from the OTC and directly 

mapped to the motor system. Thereby, access to knowledge about action goals is enabled. In 

this sense, action mirroring provides a simulation device for goal understanding. Actions are 

understood only after the visuomotor transformation has been performed. Hence, the meaning 

of the contextual setting in which an action takes place is ignored. 

In spite of its popularity, there have been theoretical concerns with the direct matching 

theory (e.g., Csibra, 2007; Hickok & Hauser, 2010; Jacob, 2008; Kilner et al., 2007; Kilner, 

2011; Friston, Mattout, & Kilner, 2011). One important concern relates to the fact that an action 

goal can be achieved by different means (i.e., actions), while a specific action can have different 

goals, i.e., there is no one-to-one mapping (Kilner et al., 2007). For example, a cup can be 
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grasped to drink or to clean (Iacoboni et al., 2005). Just by directly simulating the observed 

motor act in one’s own motor system, one will not necessarily know what the goal of (e.g.,) this 

“grasping action” will be. Therefore, alternative theories have been proposed: namely, action 

reconstruction (Csibra, 2007) and predictive coding (Kilner et al., 2007; Kilner, 2011; Friston 

et al., 2011). These theories suggest goal inferences through emulative processes and take the 

contextual constraints of a given observed action into account. 

Before turning to action reconstruction and predictive coding in detail, it is worth 

mentioning the affordance matching hypothesis (Bach et al., 2014). This is an approach to 

action understanding that incorporates the available data on direct matching but places it in a 

model of action understanding that emphasizes the role of object knowledge, which is thought 

to facilitate the prediction and interpretation of any observed action. Thereby, this model aims 

to account for several of the inconsistencies found with regard to the direct matching account 

(such as the one-to-one mapping problem). Objects and their functional use — as opposed to 

action kinematics — are viewed as the main driver of action understanding (Bach et al., 2014). 

Accordingly, an understanding of object-directed actions does not initially result from a 

matching of motor parameters, but is based on the identity of objects, as well as one’s prior 

experience of their function (what an object is for) and use (how it is used). This proposition is 

especially interesting given that during action observation, objects are recognized earlier than 

action kinematics. Support for this theory comes from a recent neuroimaging study revealing 

overlapping brain areas for object and higher goal processing, but not movement-related 

activations (Nicholson et al., 2017). For a detailed description of this theory, see Bach et al. 

(2014).  
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1.2.2 Action reconstruction theory 

According to the action reconstruction theory, also referred to as the inferential model, 

it is suggested that the involvement of the motor system during action perception does not 

subserve action goal inference (Csibra, 2007). Instead, action goals originate outside the motor 

system: for example, by propagating relevant information directly from the OTC to the 

prefrontal cortex. Hence, it is suggested that the observed action is reproduced through its 

interpretation, which is based on an initial visual analysis of that action. During this visual 

analysis, further information such as the context can be included to help select the most 

appropriate goal (cf. Iacoboni et al., 2005). Information is then passed down to the motor 

system, which in turn is thought to compute the most appropriate means to attain the specific 

goal (without performing it) through emulative reconstruction. In agreement with the direct 

matching account, action mirroring in the motor system implements a simulation function. 

However, the primary function of action mirroring is suggested to be predictive action 

monitoring rather than action understanding in terms of goals. In that sense, action 

understanding and goal inference are thought to precede action mirroring by the motor system, 

rather than following on from it (Csibra, 2007). Hence, action understanding is suggested to be 

predictive in nature, in that its goals are inferred in a top-down manner. This would allow for 

the anticipation of an ongoing action enabling action coordination with others, necessary for 

proper social interaction. 

 

1.2.3 Predictive coding theory 

According to the predictive coding theory (PCT; for a review, see Clark, 2013) — 

adapted from motor control theory (Sperry, 1950; Wolpert, Ghahramani, & Jordan, 1995) — 

actions are understood and predicted through the use of generative internal models. These 

generative models which comprise the expectation regarding a sensory input (unfolding of 
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observed action) are probabilistic in nature and are emulators of the ongoing action, thus 

capable of estimating a state of the action before actual feedback from the observed action is 

available. It is suggested that generative forward models are learnt by action observers in the 

guise of optimal Bayesian observers (for detailed description, see Friston, 2010). According to 

the PCT, a generative model is used to predict the most probable action outcome (Friston et al., 

2011; Kilner et al., 2007) via top-down modulation from higher to lower levels of the hierarchy 

(see Section 1.1.2) until it reaches the primary sensory areas. On each level, the generative 

model is compared to subordinate levels. If the predicted sensory info matches the actual 

sensory input, a goal can be inferred and the predictable sensory input (of the cortical motor 

system) can be suppressed (Keysers & Perrett, 2004; Schiffer, Ahlheim, Ulrichs, & Schubotz, 

2013; Summerfield & Egner, 2009). On the other hand, a discrepancy between the predicted 

and actual sensory feedback creates a prediction error, which is processed upwards through the 

hierarchy in order to adjust the currently operating model, i.e., the top-down prediction (Clark, 

2013). An adjustment at the goal prediction level is hence necessary and the next most likely 

goal is instead predicted. By minimizing the prediction error at all levels of the hierarchy, the 

most likely cause of an action can be inferred. Importantly, contextual information is integrated 

into the model (Kilner et al., 2007), thereby addressing the one-to-one mapping problem: the 

most likely intention of an action can be inferred even when the action is associated with 

multiple intentions, such as “grasping the cup to clean” or “grasping the cup to drink” (cf. 

Iacoboni et al., 2005).  

It is worth mentioning that forward models might also be run offline (internal 

emulation). Hence, they could contribute to a range of cognitive tasks such as motor imaginary 

or action anticipation of others (Grush, 2004; Wolpert, Doya, & Kawato, 2003). It has been 

shown that the premotor cortex (PMC) is involved in such action prediction processes, making 
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this region a likely candidate for the generation of forward models (Schubotz, Sakreida, 

Tittgemeyer, & von Cramon, 2004; Schubotz & von Cramon, 2002, 2003, 2004). 

Taken together, the action reconstruction theory and the predictive coding theory have 

several parallels (Zentgraf, Munzert, Bischoff, & Newman-Norlund, 2011). Both use prediction 

as the main driving force during action observation and understanding, both emphasize the 

importance of empirical Bayes during goal inference, and both incorporate contextual 

information into their model (Csibra, 2007; Kilner et al., 2007; Kilner & Frith, 2008; Kilner, 

2011). Indeed, in order to be able to infer the higher-level goals of an ongoing, observed action, 

it would be beneficial to consider all relevant perceivable information helping the observer to 

understand an observed action: that is, to take context into account. Therefore, I will review the 

relevant findings on the impact of contextual information during the observation of actions in 

the next section. 

 

1.3 The impact of contextual information on action perception and 

understanding 

The impact of context during action observation has been investigated within and across 

different domains (e.g., language), revealing facilitating and impeding effects depending on its 

compatibility with the target stimulus. Following on from this, the contextual setting in which 

an action takes place can provide relevant information that can help an observer to identify an 

observed action when core information is not fully available (e.g., for visibility reasons), or to 

infer higher-level meaning, i.e., overarching action goals. As such, it is important to emphasize 

contextual scenes as environments providing possibilities for action (cf. Malcolm et al., 2016),5 

                                                
5 Scenes are very complex stimuli and can be described at several levels ranging from basic stimulus features (e.g., 
edges and colours) to high-level characteristics (e.g., object identities). At any given moment, different visual 
aspects of an environment (i.e., scene) will be prioritized based on the current goal of an observer. Moreover, 
different properties of a scene can be processed to complete a single goal, while a single property can also be used 
to facilitate many different goals, depending on several factors such as the goal in question and the prior knowledge 
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as was initially provided by the theory of affordances put forward by Gibson (1977, 1979). 

According to this theory, affordances are not about mere physical properties, they rather 

incarnate the action opportunities that the environment has to offer to an individual who is able 

to perceive and use them.6  

Taken together, contextual scenes should exert an impact on the recognition of objects 

and actions performed within them, whereas objects themselves — due to their functional use 

(e.g., a credit card is for paying) (Bach et al., 2014; Nicholson et al., 2017) — can serve as both: 

they can be part of the observed action itself, i.e., part of the primary action information, or a 

part of the contextual scene (e.g., a kitchen consists of a stove, a fridge and a sink). In the below 

section, I will summarize all relevant findings with regard to the impact contextual (scene) 

information can have on action perception.  

 

1.3.1 Contextual information and object recognition 

The influence of contextual information on object identification and recognition has 

been extensively investigated using a wide range of methods, including eye tracking, fMRI and 

electroencephalography (EEG) (Biedermann, Glass, & Stacy, 1973; Biedermann, Mezzanotte, 

& Rabinowitz, 1982; Boyce, Pollatsek, & Rayner, 1989; Palmer, 1975; Bar & Ulmann 1996; 

Bar, 2004; Davenport & Potter, 2004; Hayes, Nadel, & Ryan, 2007; Zimmermann, Schnier, & 

Lappe, 2010; Barenholtz, 2014; Wokke, Knot, Fouad, & Ridderinkhof, 2016). There is a 

general agreement across studies that objects appearing in a familiar or congruent scene are i) 

detected more accurately and ii) processed more quickly, compared to objects presented within 

an incongruent scene (cf. Bar, 2004; Oliva & Torralba, 2007). For example, Palmer (1975) 

                                                
of the observer. Hence, scene processing is not entirely stimulus driven but is dependent on matching a percept to 
a prior experience. In this sense, scene understanding entails representing information about the properties and 
arrangement of the world in order to facilitate the ongoing needs of the observer (for a detailed review, see 
Malcolm et al., 2016). 
6 The theory of affordance is by definition the power of the environment to furnish the viewer with possible actions 
(Gibson, 1979). 
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found the accuracy of object categorization of a target object (e.g., loaf of bread) to be 

influenced by its presentation within congruent (e.g., kitchen counter) or incongruent (e.g., 

bathroom) contextual scenes, thereby facilitating or impairing accuracy, respectively. In a 

similar vein, studies on categorization have revealed that presenting objects within a scene 

facilitates categorization, especially of superordinate-level categories (e.g., animals) (see 

Murphy & Wisniewski, 1989; Borghi, Caramelli & Setti, 2005). Davenport and Potter (2004) 

found that coherence between an object and its respective scene revealed a mutual influence on 

recognition, i.e., objects influenced scene recognition and vice versa. Bar and Uhlmann (1996) 

found that in the presence of a clearly identifiable object, an additional ambiguous object’s 

recognition was facilitated when both objects were semantically related. A more recent study 

even revealed that objects (e.g., a fridge) relating to a specific room category (e.g., kitchen) 

were recognized faster when participants were seated in that specific category of room during 

the experiment (Wokke et al., 2016). 

To explain the observed effects of context on object recognition, Biedermann et al. 

(1982) postulated five contextual factors influencing object recognition: interposition, support, 

probability, position and size. While the first two respectively describe physical factors 

characterising the background of an object and the fact that an object is physically supported 

rather than free floating, the other three factors are semantic in nature. Probability refers to the 

likelihood that certain objects will be present in a specific scene, position refers to the typical 

position of a given object in a given scene, and size relates to the typical relative size that an 

object usually has. The authors found that a violation on each level increased reaction times 

(RTs) and error rates. Based on this study and related findings on object recognition, Bar (2004) 

concluded that the context of a scene might be extracted early enough to affect our perception 

of an individual object in a top-down manner. He proposed a specific mechanism underlying 

the contextual facilitation of object identification: a context frame. Context frames are defined 



 1.3 The impact of contextual information on action perception and understanding 

22 
 

by Bar (2004) as “a prototypical representation of unique contexts (for example, a library), 

which guide the formation of specific instantiations in episodic scenes (for example, our 

library)” (p. 618). Low-frequency visual information is quickly extracted from the visual scene 

(~ 80 ms), leading to the activation of a context frame which in turn provides expectations that 

facilitate other scenes that can be represented by the same context (Bar, 2004). Accordingly, 

the processing and recognition of objects that are sufficiently characteristic of a specific context 

will be facilitated while atypical objects for that given context require additional scrutiny. Other 

studies have also found that the gist of a scene (i.e., a coarse version of a context frame) can be 

extracted based on ‘one glance’ (Joubert et al., 2007), but they argue that contextual processing 

does not appear to be faster than object processing. Rather, object and contextual information 

are extracted in parallel by observers, allowing for the reciprocal influence of both sources: 

processing from context to object categorization, but also from objects to context 

categorization. 

As demonstrated, the impact of contextual information on object recognition has been 

extensively researched. In contrast, the effects of contextual information on action perception 

and goal inferences have been less extensively addressed in the literature. I will give a summary 

of these findings in the next section. 

 

1.3.2 Contextual information, action perception and goal anticipation 

As with objects, actions naturally occur within a related contextual setting. Actions are 

not perceived in isolation, but are rather embedded in context, with objects, actors and the 

relationships amongst them merging into a unifying and meaningful scene (cf. Amoruso et al., 

2014; Amoruso, Couto, & Ibanez, 2011). Therefore, the contextual information of an observed 

action should impact the understanding of that action similarly to how contextual information 

impacts object recognition: enhanced action recognition in cases of congruent contextual 
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information as compared to hampered action recognition in cases of incongruent contextual 

information. 

The impact of contextual information on action perception has attracted less attention 

than its impact on object recognition. Relevant studies have found that participants process 

contextual information spontaneously, i.e., without task requirements. While participants need 

longer to recognize an action when it takes place in an incompatible as opposed to a compatible 

or neutral room (Wurm & Schubotz, 2012), action-compatible room information can help when 

actions are difficult to recognize, leading to increased recognition accuracy (Wurm & Schubotz, 

2017). Wurm and colleagues (2017) showed that children at the age of four to eight years 

already exploit contextual information during action observation: recognition rates for object-

free pantomime actions were enhanced when taking place in compatible as opposed to 

incompatible or neutral rooms. This effect interacted with action familiarity: context effects 

were stronger for unfamiliar than for familiar actions. This effect suggests that the context of 

an observed action becomes especially important when actions are unfamiliar, i.e., there is no 

or little perceptual motor experience with a specific action. 

Even where contextual information derived from the observed action scene is not 

necessary for the recognition of an ongoing action (e.g., when both aspects of core information 

are fully available), it might still be crucial for higher-level inferences of goals and the 

prediction of forthcoming action steps (Malcolm et al., 2016). For example, Iacoboni et al. 

(2005) have investigated how a background scene providing a meaningful context impacted on 

the observation of a “grasping a cup” action. The authors compared the cortical activity induced 

by viewing the action against a plain background to either a “reach and grasp to drink” or a 

“reach and grasp to clean” contextual background. Putting the action into a meaningful context 

increased activity in the premotor and inferior frontal cortices. Thus, an increase in neural 

activity was observed when visual information regarding an action goal was presented as 
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compared to when no such additional information was available (plain background). This 

finding clearly shows that i) during action observation, context can provide meaningful 

information with regard to a goal, and ii) this additional information is indeed exploited by 

action observers, whereby ii) can serve as an indication of i). 

Other evidence coming from neuroimaging studies investigating the effect of contextual 

information suggests the presence of interference effects for incompatible contextual 

information, rather than facilitation effects for compatible contextual information in action 

processing (Hrkać et al., 2014; Wurm & Schubotz, 2012). For example, an incompatibility 

between the room, the manipulated objects and the applied manipulation was accompanied by 

increased activity in brain regions associated with object and action processing (Wurm et al., 

2012). When an action took place in an incompatible room, activity in the IFG7 also increased 

(Wurm & Schubotz, 2012). Hrkać et al. (2014) found that actor information modulates brain 

activity during the observation of an action: they found a parametric increase in IFG activity 

when a single actor performed otherwise unrelated action steps, implying goal incoherence. 

Thus, contextual information in terms of actor information seems to crucially impact the 

interpretation of an observed action. 

Finally, studies on corticospinal excitability suggest a top-down modulative role for 

contextual information during action observation (Amruso & Urgesi, 2016; Riach, Holmes, 

Franklin, & Wright, 2018). Providing actions with a congruent contextual setting facilitated 

corticospinal excitability (Riach et al., 2018), while an incongruent contextual setting did 

selectively decrease corticospinal excitability (Amuroso & Urgasi, 2016). These results indicate 

that motor resonance is not an entirely automatic process but can be modulated top-down via 

contextual information, underlining the predictive value that context can add to action 

observation.  

                                                
7 The IFG is a brain region associated with semantic integration; for a detailed description, see Section 1.4.3. 
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Taken together, these findings indicate that i) context is exploited by action observers, 

ii) context can not only provide but also activate meaningful information regarding the goal of 

an action, thereby providing access to corresponding motor representations, and iii) both 

congruent (Iacoboni et al., 2005) and incongruent (e.g., Wurm & Schubotz, 2012; Hrkać et al., 

2014) contextual information can be meaningful with regard to goal inference: context can 

support the interpretation of actions by either constraining expectations in cases of high 

compatibility, or leading to interference for incompatibility. In the latter case, an extra effort 

would be needed to disentangle the meaning of a particular action scene.  

As reviewed, contextual information can modulate action perception. Decoding an 

observed action hence involves a range of cognitive processes and the integration of these 

different sources of information into a common frame of reference. In the next section, I will 

consider in detail the underlying neural correlates of action perception with regard to the impact 

of contextual information on action understanding. 

 

1.4 Neural correlates of action perception 

The discovery of mirror neurons in the macaque brain (see Section 1.2.1) raised the 

question of whether a comparable system also exists in humans (e.g., Rizzolatti, Fogassi, & 

Gallese, 2001). Accordingly, action observation has become an intensively investigated and 

discussed research field in human cognitive neuroscience (for a review, see Caspers et al., 

2010). It was suggested that the identified mirror neuron system corresponded to a fronto-

parietal network in humans (Rizzolatti & Sinigaglia, 2010), activated when an individual 

performs an action as well as when the same action is observed in another individual. However, 

in the past few years, an extended network — termed the action observation network (AON) 

(see Cross, Kraemer, de Hamilton, Kelley, & Grafton, 2009) — has been identified that reaches 

far beyond the ‘classical’ mirror neuron areas within the ventral premotor (F5 in the macaque 
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monkey) and inferior parietal cortices (PFG and AIP in the macaque monkey) (cf. Caspers et 

al., 2010; Van Overwalle & Beatens, 2009) and expands across both hemispheres, 

encompassing the posterior temporal, parietal and premotor areas, the IFG, the extrastriate 

visual areas and the fusiform gyrus (Caspers et al., 2010). Depending on the task at hand, 

specific brain areas are conjointly activated along with the AON, e.g., the dorsolateral prefrontal 

cortex (dlPFC) (Amuroso et al., 2018). 

In the upcoming section, I will take a closer look at the specific brain areas engaged 

during action observation with regard to i) manipulable objects, ii) scene perception, and iii) 

exploiting contextual information en route to goals. 

 

1.4.1 Neural correlates of manipulable objects 

When visually perceiving an action, the initial requirement is the visual analysis of 

object and manipulation information. Visual information is distributed in a bottom-up manner 

from the primary visual cortex (V1) along two processing streams (Milner & Goodale, 1995; 

Ungerleider & Mishkin, 1982): the ventral stream, also termed the “what” or “semantic” 

stream; and the dorsal stream, also known as the “where” (Ungerleider & Mishkin, 1982) or 

“how” stream (Milner & Goodale, 1995). It has been proposed that the dorsal stream, which 

stretches from V1 to the parietal lobe, mediates spatial perception (“where”) and the 

sensorimotor transformation of visually guided action (“how”; see also Maranesi et al., 2014).8 

On the other hand, the ventral stream, which links V1 to the (inferior) temporal lobe via V2 and 

V4, has been associated with object recognition (Goodale & Milner, 1992; see also Maranesi 

et al. 2014), and on a broader level, with visual representation and knowledge (Buxbaum & 

Kalénine, 2010; Jeannerod, Arbib, Rizzolatti, & Sakata, 1995). A key region of the ventral 

                                                
8 A further division of the dorsal stream into the dorsodorsal and ventrodorsal stream has been proposed but is not 
described here, as it is beyond the scope of this thesis. For a detailed description see Rizolatti and Matelli (2003). 



 1.4 Neural correlates of action perception 

27 
 

stream is the LOC, which consist of the lateral OTC and the fusiform cortex (Grill-Spector et 

al., 1999). These brain regions were found to be activated when seeing objects compared to 

scrambled objects (Grill-Spector et al., 2001). Other studies have suggested that the LOC 

represents semantic properties (Mahon et al., 2007; Park, Brady, Greene, & Oliva, 2011; 

Simons, Koutstaal, Prince, & Wagner, 2003). This is in line with the generally assumed function 

of the OTC: that is, the encoding of semantic object-and-action information (Bedny & 

Caramazza, 2011; Binder, Desai, Graves, & Conant, 2009; Noppeney, 2008). More recent 

studies propose that the lateral OTC also encodes action information on a more abstract level 

of representation that is object-, and orientation-independent (Wurm & Lingnau, 2015; Wurm, 

Ariani, Greenlee, & Lingnau, 2016).  

Located within the OTC and anterior to the LOC, the posterior middle temporal gyrus 

(pMTG) has been found to be specific to the visual processing of tools and tool-specific motion 

patterns (Beauchamp et al., 2002; Beauchamp & Martin, 2007). It has therefore been named 

“the MTG-tool area” (Downing, Chan, Peelen, Dodds, & Kanwisher, 2006). Other studies 

suggest that the pMTG codes conceptual object properties (Buxbaum & Kalénine, 2010; 

Noppeney, 2008). Finally, a very crucial area for the perception of manipulable objects is the 

posterior parietal cortex (PPC) in the dorsal pathway. In particular, the inferior parietal lobule 

(IPL)9 is engaged in the retrieval of specific ways of grasping tools (Chao & Martin, 2000) and 

manipulating objects (Kellenbach, Brett & Patterson, 2003), and might therefore be responsible 

for coding pragmatic object properties (Rumiati et al., 2004). Patients suffering from lesions in 

that area are often impaired in their ability to retrieve the correct manipulation for a given tool, 

whereas their ability to correctly name the tool stays intact (Rumiati, 2004; Buxbaum et al., 

2005). The anterior part of the IPL (aIPL) is suggested to generate internal representations of 

actions and knowledge about actions (Creem-Regehr, 2009). In a similar vein, the left aIPL — 

                                                
9 The IPL consists of the supramarginal gyrus and the angular gyrus, and is divided from the superior parietal 
lobule by the intraparietal sulcus. 
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in combination with the ventral premotor cortex (PMv) and the pMTG— were found to 

positively co-vary with the number of object-implied action possibilities (Schubotz et al., 2014). 

This matches the fact that the IPL is anatomically connected to the PMv (Geyer et al., 2000; 

Schmahmann & Pandya, 2006).10 Corroborating these findings, Wurm and Lingnau (2015) 

investigated the brain areas that decode actions (opening, closing) on concrete, intermediate 

and abstract levels of conceptualization. While they found the lateral OTC and IPL to decode 

actions at all levels, the PMv only decoded actions at the concrete level.  

Taken together, each of these brain regions is suggested to crucially contribute to the 

processing of object manipulations (for a simplified visualisation of these brain areas, see 

Figure 1). 

 

                                                
10 Note, that the PMv was found to be activated when perceiving manipulable objects but not for non-manipulable 
ones (Kellenbach, Brett, & Patterson, 2003). 

Figure 1. Brain regions underlying the processing of observed actions. Note, that this is a 
simplified visualisation: only regions relevant for this thesis are highlighted and their locations 
are schematized and simplified for clarity. The processing route via the dorsal stream is 
depicted in green, while the processing route via the ventral stream is depicted in blue. 
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1.4.2 Neural correlates of scene perception during action observation 

Contextual information is normally represented in the form of a scene (cf. Malcolm et 

al., 2016). There are three scene-selective brain regions that are suggested to significantly 

contribute to scene processing in humans: the occipital place area (OPA) on the lateral occipital 

surface, the parahippocampal place area (PPA) on the ventral temporal surface, and the 

retrosplenial complex (RSC) on the medial parietal cortical surface (Epstein, 2014; Malcolm et 

al., 2016). Importantly, these regions show a peripheral visual field bias with relatively large 

population receptive fields, which makes them well positioned to capture summary information 

across large portions of the field of view (Silson, Chan, Reynolds, Kravitz, & Baker, 2015; 

Silson, Steel, & Baker, 2016; Silson, Groen, Kravitz & Baker, 2016). While the RSC is 

suggested to be sensitive to landmarks and is further associated with spatial memory and 

imagery (e.g., Vass & Epstein, 2017), especially in the context of navigation (Malcolm et al., 

2016), the OPA codes local elements in a scene (Dilks, Julian, Paunov, & Kanwisher, 2013). 

Moreover, the OPA is involved in scene discrimination and categorization (Dilks et al., 2013; 

see also Malcolm et al., 2016). It has been suggested that the parahippocampal cortex is 

concerned with the local space information that is processed both when we perceive a given 

scene and when we perceive objects that are strongly suggestive of a particular environment 

(Harel, Kravitz & Baker, 2013). In a similar vein, it is important to stress the fact that a scene 

naturally comprises different sorts of information. As such, contextual information can include 

information about different entities such as actors or additional objects. Depending upon the 

different contextual elements of a particular scene, varying these aspects should engage 

additional respective brain areas, such as (for example) the OTC for additional object 

information. 
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1.4.3 Exploiting context en route to goals 

As already indicated in Section 1.2, there is still an ongoing debate about the brain 

regions ascribed to the processing of action goals and intentions, which might in large part be 

owing to the diverging definitions and approaches employed to investigate goal understanding 

across studies.11  

Initially, the inferring of goals has been ascribed to areas located within the dorsal 

stream. Previous studies focused on the IPS and the PMv due to their mirroring function (cf. 

Section 1.2). Recently, this was partly challenged by Wurm and Lingnau (2015), who argued 

for a cognitive account of action understanding (see also Marneweck & Vallence, 2015), 

whereby perceptual functions underlie action understanding. They emphasized the role of the 

lateral OTC and the IPL, as these areas seem to contain representations that are action specific 

and concurrently tolerate a wide range of perceptual variance, whereas the PMv only decoded 

actions at the concrete level and might therefore rather support specific action (outcome) 

anticipation (cf. Wurm et al., 2016). Regarding the IPL, there seems to be general agreement 

regarding its role in representing action outcomes, both in the sense of proximal end states or 

more distal long-term goals (Oosterhof, Tipper, & Downing, 2013; Rizzolatti, Fabbri-Destro, 

Rozzi, & Cattaneo, 2014), e.g., decorating a room (Leshinskaya & Caramazza, 2015). 

A body of research has emphasized the role of the ventral pathway (Badre & D’Esposito, 

2009, Binder et al., 2009) that links the pMTG and the anterior IFG (BA47) during goal 

inferences (Kilner, 2011; see also Nicholson et al., 2017). The idea is that a representation of a 

goal is generated through a process of semantic retrieval and selection, supported by the anterior 

IFG, resulting in the encoding of the representation of the most likely action that is required to 

                                                
11 Note that action understanding can occur at different levels of the action hierarchy (cf. Section 1.1.2 and 1.1.3). 
One could, for instance, distinguish between outcomes of single action steps that might relate to short-term goals 
(e.g., opening a bottle) and multistep actions (e.g., preparing breakfast) that might instead relate to higher-level 
overarching action goals. 
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achieve the most likely goal, encoded in the pMTG. Once this goal is estimated, a prediction of 

the sensory consequences of this action can be generated and the action’s outcome can be 

anticipated by means of the dorsal pathway (see Figure 1; cf. Amoruso et al., 2013). 

With regard to the inference of overarching long-term action goals, the incorporation of 

contextual factors during action observation is thought to play a crucial role (cf. Iacoboni et al., 

2005; cf. Amoruso et al., 2013). The IFG is known for its central role in the retrieval and 

integration of action-relevant semantic information (Caspers et al., 2010; Kilner, 2011), and 

from a broader perspective, has a well-established role in effortful contextual integration in 

different cognitive domains, especially language (cf. Bookheimer, 2002; Liakakis, Nickel, & 

Seitz, 2011). Shan et al. (2003) have described the role of the IFG is “choosing, comparing, 

judging and retrieving” information. As such, it is a very likely candidate for integrating 

contextual action information en route to higher-level action goals. 

The IFG is a brain structure which forms a large part of the ventrolateral prefrontal 

cortex (vlPFC). It consists of three different parts. Anterior to the ventral part of the precentral 

gyrus (BA 6) lies the posterior pars opercularis. This area is succeeded rostrally by the pars 

triangularis. Finally, ventrolateral to the pars triangularis lies the pars orbitalis, which occupies 

the most ventral part of the lateral frontal cortex and extends onto the orbital surface (Petrides, 

2005). These areas roughly correspond to BAs 44, 45 and 47, respectively (Zilles & Amunts, 

2010). The IFG belongs to the frontal component of the ventral pathway (see Section 1.4.1) 

(O’Reilly, 2010). The parcellation of the IFG, as well as various theories, suggest a hierarchical 

functional organization in the vlPFC (Amunts & Zilles, 2012; Badre & D’Esposito, 2009; 

Koechlin & Jubault, 2006).  

Since 1861, when Paul Broca presented the case of aphemia (loss of speech due to 

damage to the left IFG), the IFG has been considered the centre of speech production. 

Consequently, it has been an area that has received special investigation with regard to language 
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processing (cf. Bookheimer, 2002; Liakakis et al., 2011). In her review, Bookheimer (2002) 

summarizes findings on the function of the IFG pertaining to language processing as follows: 

the most posterior regions (BA 44/6) are involved in language tasks relating to phonological 

processing, whereas more anterior (BA 44/45) and anterior ventral regions (BA 45/47) code 

syntactic and semantic processing, respectively. This already points to a hierarchical functional 

organization of the inferior frontal gyrus.  

In more recent years, the role of the IFG in other domains has been emphasized 

(Liakakis et al., 2011; Uddén & Balhmann, 2012),12 and unifying functional models have been 

proposed, especially with an emphasis on executive (Koechlin & Summerfield, 2007) and 

cognitive control and memory (Badre & Wagner, 2007). In their cascade model of executive 

control, Koechlin and colleagues have proposed a hierarchical gradient for executive control, 

lying along the anterior-posterior axis in the lateral prefrontal cortex (lPFC) (e.g., Koechlin & 

Jubault, 2006; Koechlin & Summerfield, 2007). As implied by its name, the hierarchy is thought 

to be a cascade whereby top-down control is exerted from anterior to posterior frontal regions 

(Koechlin, Ody, & Kouneiher, 2003). This theory is not solely based on the IFG but includes 

other lateral prefrontal areas (Koechlin & Summerfield, 2007). Here, the premotor cortex lies 

at the base of the hierarchy and its function is to control stimulus-response patterns that are 

temporally in close relation, such as picking up the telephone when it is ringing (Koechlin & 

Summerfield, 2007). On the next level of the hierarchy, the posterior lPFC also includes 

contextual information and thus integrates additional information in which the stimulus occurs, 

e.g., not picking up another person’s ringing telephone. The authors refer to this process as 

contextual control. The posterior lPFC could roughly corresponds to BA 44/45. On the next 

higher level, the anterior lPFC (~ BA 47) also takes preceding events into consideration in order 

                                                
12 The domains include music processing, action observation (Casper et al., 2010), creativity (Kröger et al., 2012), 
and emotion recognition and evaluation (Carr, Iacoboni, Dubeau, Mazzioatta, & Lenzi, 2003; Seitz et al., 2008). 
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to select a specific action, termed episodic control. Sticking with the above-mentioned example, 

although you are at your friend’s house and it is their telephone that is ringing, you pick it up 

because your friend previously asked you to do so in the case of its ringing. At the highest level 

of the hierarchy lies the polar lPFC, which is suggested to be in charge of branching — when 

the execution of an action can be put on hold while another action is performed — thereby 

enabling long-term planning. 

Badre and Wagner (2007) have proposed a theory of cognitive control of memory for 

the IFG. According to this account, two processes are important: controlled retrieval, activating 

goal-relevant information in a top-down manner when bottom-up cues are insufficient (i.e., 

there is no automatic activation), and post-retrieval selection, a process that resolves 

competition between simultaneously activated memory representations. While they suggest that 

the former process (controlled retrieval) is coded by the anterior BA 47, post-retrieval selection 

is suggested to take place in more posterior sites (BA 45).13 

Badre and Wagner (2007) also propose a rostro-caudal axis of the IFG, reflecting a 

processing hierarchy en route to action (see also Petrides, 2005). Thus, they propose a 

hierarchical relationship between the IFG regions: the more posterior the area, the more it is 

concretely tied to an overt response, while more anterior sites represent more abstract action-

related representations and are therefore associated with high-level goals retrieved from long-

term memory (Badre & Wagner, 2007; Badre & D'Esposito, 2009; cf. Buckner, 2003).14 In a 

similar vein, Uddén and Bahlmann (2012) have proposed the structured sequence processing 

theory: a linguistic theory also applicable to other domains. Again, the IFG is suggested to be 

                                                
13 Here, the proposed functions of BA 45 and BA 47 are not in conflict with those proposed by the cascadic model 
(Koechlin & Summerfield, 2007), i.e., contextual and episodic control, respectively. That is, in the case of post-
retrieval selection, several memory representations are activated at the same time as the stimulus and are hence 
contextual. Moreover, semantic retrieval (from long-term memory) entails the consideration of previous 
information, concurring with the concept of episodic control. 
14 As such, the anterior BA 47 is linked to the temporal cortex, which is important in semantic knowledge storage 
and retrieval (Badre & Wagner, 2007). 
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structured by a rostro-caudal gradient for temporal abstraction and domain generality. While 

caudal areas are thought to process temporally less abstract stimuli, like phonemes and words, 

more rostral areas are thought to integrate these processes at a higher level of temporal 

abstraction and are domain general. Here, BA 44 is suggested to process sequences coming 

from premotor regions (Uddén & Bahlman, 2012). 

Summarized and in line with the above-stated accounts on the IFG, the suggestion is 

that BA 44 is involved in structuring sequences to realize particular outcomes (Fiebach & 

Schubotz, 2006; Grafman, 2002). With regard to action understanding, it thus potentially 

supports the anticipation of upcoming action steps during action perception (Csibra, 2007; Fagg 

& Arbib, 1998; Friston et al., 2011; Schubotz & von Cramon, 2009). While BA 45 activation 

supports the selection between competitively activated semantic representations (Gold et al., 

2006; Moss et al., 2005; Badre & Wagner, 2007), BA 47 is involved in the top-down semantic 

retrieval (Badre & Wagner, 2007) of goal-relevant knowledge. The proposed function of BA 

47 is in line with studies concentrating on creativity, and more specifically, contextual 

expansion (Kröger et al., 2012). Here, increased activity of BA 47 was found when participants 

were asked to think of unusual functions of an object, i.e., using a shoe as a plant pot. 

With regard to the IFG’s role in integrating contextual information during action 

perception, it was found (as outlined in Section 1.3.2) that action–room incompatibility (e.g., 

squeezing a lemon in the bathroom) particularly challenges the (left) IFG, probably reflecting 

efforts for semantic integration (Wurm & Schubotz, 2012). The same is true when an actor 

performed unrelated action steps in succession — i.e., action steps that did not match their 

current goal (Hrkać et al., 2014) — or when otherwise unrelated action steps shared a common 

object (Hrkać, Wurm, Kühn & Schubotz, 2015). This points to an attempt to integrate the 

information under a common overarching action goal. However, the variety of paradigms in 

which the IFG is reported to function in different (albeit related) tasks shows that it is still a 
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matter of debate as to how this area contributes to action perception. In particular, it remains 

uncertain at which levels and under which circumstances the IFG integrates contextual action 

information into action observation. 
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2. Objective of the Thesis 

As reviewed in the above sections, action observers consider multiple sources of 

information when observing an action and inferring its goal. The present thesis aims at 

extending the existing work on the impact of contextual action information on action 

observation by investigating how contextual objects (COs), which are part of a particular action 

scene yet never integrated in the observed action, influence action observation. COs not only 

signify a specific room category (e.g., coffee machine implies kitchen), thereby telling the 

observer about the general probabilities of an action (e.g., cooking vs brushing teeth), but rather 

they also often give information about measures the actor has adopted before performing the 

observed manipulation. Thus, COs are often prepared for the achievement of — and hence 

inform an observer about — an overarching goal. For instance, cracking an egg next to a frying 

pan implies the actor is going to make scrambled eggs. This means that upcoming action steps 

are implied and the observer can adapt their expectation accordingly. For example, an actor 

who is cracking an egg may do so because he/she is engaged in baking a cake. Hence, he/she 

has prepared the kitchen worktop in front of them, which is now equipped with a flour bag, a 

sugar bowl, eggs in a carton and a measuring cup. Crucially, it is not only the selection of 

objects hinting at a particular room that is informative, but also the objects’ condition and their 

spatial arrangement, both with regard to other objects and the actor. 

I conducted several behavioural and two fMRI experiments to investigate the impact of 

COs on action observation. The basic approach was to let subjects attend to action videos that 

either contained a CO or did not, and to respond to verbal action descriptions referring to these 

actions by button press (accept or reject). Those videos containing a CO were varied according 

to two experimental factors: 1) goal affinity (GA), and 2) location ergonomics (LE). Goal 

affinity is defined as an object’s semantic relation to the observed action, quantified by the 

probability with which the object will be employed in the same action. Accordingly, the higher 



 2. Objective of the Thesis 
 

37 
 

the goal affinity of a CO, the more an observer will expect the CO to be soon integrated into 

the observed action. On the other hand, location ergonomics, defined as the spatial relation to 

an observed action, are meant to quantify the probability with which an object can be reached 

by an actor. In order to build expectations about the observed action, a CO’s location in relation 

to the actor is meaningful to the extent that objects that are needed for an action must be easy 

to reach and grasp for subsequent efficient usage. By systematically varying these experimental 

factors, I aimed to investigate whether contextual objects are processed and integrated during 

the observation of an action, and if so, how this effect is grounded. The following specific 

research questions were addressed in Studies 1, 2 and 3, respectively: 

1 Are COs processed with regard to the observed action? 

2 Do action observers in a third-person-perspective (3pp) paradigm establish their own 

(virtual) action space, by perceiving COs in a scene not only with respect to the observed 

action, but also with reference to themselves? 

3 Is the processing of COs driven by their informative value to the observed action and its 

predicted outcome? 

In Study 1, I investigated the neural mechanisms underlying the integration of COs in 

semantic and spatial relation to observed actions. I hypothesized the goal affinity of COs to 

increase activity in the OTC, the IPL and the IFG. In addition, I expected that the goal affinity 

of a CO would have a specific effect when located in the preferred action space of the actor. In 

this case, COs would imply their upcoming usage particularly strongly and thus might trigger 

expectations of a concrete action sequence. I specifically tested the hypothesis that the IFG 

subserves this integration. To investigate whether COs are processed in terms of action 

probabilities, I modulated the factors goal affinity and location ergonomics as follows: I 

quantified goal affinity in an online survey (N = 500), measuring the subjective ratings of 

students regarding the associative strength of objects (N = 144) and actions (N = 72). Note that 
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the COs and actions always belonged to the same room category (either kitchen or office), 

resulting in an overall compatibility between CO, action and context background (e.g., cracking 

an egg in the kitchen next to a frying pan). Here, the mismatch was solely evoked by the 

associative semantic strength between the CO and a specific action. Based on this pilot data, 

objects were assigned to four different levels of goal affinity ranging from “very low 

associated” to “very high associated” (Study 1). Subsequently, COs of level one (“very low 

associated”) and level two (“rather low associated”) were merged to form the level low goal 

affinity COs (Study 1), also termed lowly congruent COs in Study 3,15 whereas level three 

(“rather high associated”) and level four (“very high associated”) were merged to form the level 

high goal affinity COs (Study 1), termed highly congruent COs in Study 3.16 Location 

ergonomics was quantified by a pilot study (N = 24) in which the reachability of an object in 

60 different positions on a table had to be rated. Based on these results, the table was subdivided 

into four quadrants: close-right (cr), close-left (cl), far-right (fr), and far-left (fl). Moreover, for 

each quadrant three positions were selected, which differed in regard to their reachability (high, 

middle, low) and, at the same time, mirrored the positions of the other quadrants. This resulted 

in a total of 12 positions for the possible placement of COs during the observation of actions 

(used in Studies 1, 2 and 3). Moreover, in this pilot study, a second task instructed participants 

to position an object in the most convenient location they could think of for subsequent use 

(Study 1). For the fMRI experiment, final videos were selected according to these two factors 

and piloted with regard to their recognizability. 

In Study 2, I tested whether, depending on their location, COs can trigger an observer-

referenced processing. If so, I expected that the more convenient the spatial location of the CO 

for the hypothetical grasp of the observer, the stronger the responses in the brain regions 

representing this observer perspective would be. I specifically expected a significant increase 

                                                
15 I will use the term lowly congruent COs hereafter. 
16 I will use the term highly congruent COs hereafter. 
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of activity in the aIPL, the PMv and the insula. To this end, I extended the location ergonomics 

factor through a behavioural study in which 24 right-handed participants were asked to rate the 

ease with which they thought they could reach and grasp the CO as active counterparts in the 

final action videos of Study 1. Based on this pilot data, a reachability-by-observer map could 

be established. Subsequently, I used the behavioural data as a predictor to reanalyse the fMRI 

data set from Study 1.  

Finally, in Study 3, I investigated whether the processing of COs was driven by their 

informative value in relation to the observed action. Extending my findings from Study 1, this 

second fMRI study specifically tested whether COs that matched neither the current action nor 

the corresponding room category, termed incongruent COs, strongly impact on action 

observation. I hypothesized that both highly congruent COs and incongruent COs provide rich 

information regarding potential upcoming action steps. Therefore, I expected an overlap of 

increased neural activity in the OTC and IPL, elicited by highly congruent and incongruent 

COs, when compared to lowly congruent COs. I concentrated particularly on the IFG, due to 

its established role in the retrieval and integration of action-relevant semantic information 

(Casper et al., 2010; Badre & Wagner, 2007). To this end, I extended the factor goal affinity by 

including the additional level incongruent COs. Incongruent COs neither match the observed 

action nor belonging room category. To determine the incongruent COs, a further pilot study 

was conducted where COs belonging to one contextual background or room category (e.g., 

kitchen) were tested for the probability of their occurring in another contextual background 

(office). 24 right-handed participants were asked to rate on a six-point Likert scale how strongly 

the presented CO (e.g., rolling pin) fitted into the alternative room category (e.g., office). Those 

objects creating the biggest mismatch according to these pilot data were chosen for the level 

incongruent COs (Study 3).
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A B S T R A C T

Action recognition involves not only the readout of body movements and involved objects but also the integration
of contextual information, e.g. the environment in which an action takes place. Notably, inferring superordinate
goals and generating predictions about forthcoming action steps should benefit from screening the actor's im-
mediate environment, in particular objects located in the actor's peripersonal space and thus potentially used in
following action steps. Critically, if such contextual objects (COs) afford actions that are semantically related to the
observed action, they may trigger or facilitate the inference of goals and the prediction of following actions.

This fMRI study investigated the neural mechanisms underlying the integration of COs in semantic and spatial
relation to observed actions. Specifically, we tested the hypothesis that the inferior frontal gyrus (IFG) subserves
this integration. Participants observed action videos in which COs and observed actions had common overarching
goals or not (goal affinity) and varied in their location relative to the actor.

High goal affinity increased bilateral activity in action observation network nodes, i.e. the occipitotemporal
cortex and the intraparietal sulcus, but also in the precuneus and middle frontal gyri. This finding suggests that
the semantic relation between COs and actions is considered during action observation and triggers (rather than
facilitates) processes beyond those usually involved in action observation. Moreover, COs with high goal affinity
located close to the actor's dominant hand additionally engaged bilateral IFG, corroborating the view that IFG is
critically involved in the integration of action steps under a common overarching goal.

Introduction

Ecologically, it is of utter importance that we observe and understand
what people around us are doing. To properly interact with each other,
the ability to derive intentions, to capture action goals and to predict
future steps of an unfolding action is highly relevant. Consequently, a
large body of research has focused on the question of how we capture,
simply by observation, what others aim to do (Van Overwalle and
Beatens, 2009; Caspers et al., 2010). However, since actions are complex
and carry different sorts of information it is not surprising that it remains
to be investigated i) how information is exploited during the observation
of actions, and ii) how this information helps to constrain the observer's
expectation.

When we perceive an object-directed action we are typically

confronted with manipulation information including hand posture and
movement trajectories, and object information including pragmatic and
semantic object properties. Both information types are relevant for action
recognition and are referred to as core information, hereafter. For
example, after watching somebody cracking (manipulation movement)
an egg (object information) one could easily name the action, i.e.,
cracking an egg. However, it is not before detecting the pan nearby that
one would expect the actor to prepare scrambled eggs rather than baking
a cake. Hence, information that is not necessary for the recognition of an
on-going action might be crucial for higher-level inferences of goals and
the prediction of forthcoming action steps (Malcolm et al., 2016). This
information, which is referred to as contextual information, hereafter,
potentially modulates action perception.

While the influence of contextual information on object recognition
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has been investigated (Bar, 2004; Boyce et al., 1989; Hayes et al., 2007;
Zimmermann et al., 2010), contextual influence on action perception has
attracted little attention thus far. For this reason, in recent studies we
concentrated on the impact of contextual information on action percep-
tion. We focused on the room and actor information during the obser-
vation of an action. As with actor information (Wurm et al., 2011; Hrka!c
et al., 2014), our data revealed that participants’ brains process room
information spontaneously, i.e., without instruction or task requirements
(Wurm and Schubotz, 2012). Participants even process room information
when it is in conflict with the action itself: subjects needed longer to
indicate the recognition of an action when the action took place in an
incompatible as compared to a compatible or neutral room (Wurm and
Schubotz, 2012). On the other hand, action-compatible room informa-
tion helped when actions were difficult to recognize (Wurm and Schu-
botz, 2017; Wurm et al., 2017). Moreover, a misfit between the room, the
manipulated objects and the applied manipulation was associated with
increased activity of brain regions associated with object and action
processing, respectively, even when participants were not required to
deal with this conflict (Wurm et al., 2012).

The present study takes the position that contextual objects (COs),
which are often part of an observed action scene albeit that they are not
integrated into the observed action (Fig. 1), should also exert an impact
on action observation. On the one hand, contextual objects often signify
the room category (e.g., a knife block implies ‘kitchen’) and so inform the
observer about the general probability of an action. On the other hand,
contextual objects can also inform us about measures an actor has
adopted before performing the observed manipulation. Thus, contextual
objects are often prepared for the achievement of (and hence inform an
observer about) an overarching goal (cf. Iacoboni et al., 2005), that is, a
desired end state or outcome (Csibra and Gergerly, 2007). This should be

especially the case when contextual objects are located close and right to
the actor (i.e. actor's peripersonal space), as this area yields special ex-
pectations for subsequent usage of that object. In this case, contextual
objects may undergo a shift in their meaning: from contributing to the
general probability of actions to becoming a potential future target of the
observed actor.

While we found that manipulated objects have a significant impact on
action processing due to their implicating of possible actions (Schubotz
et al., 2014; Hrka!c et al., 2015), we know very little about the impact of
contextual objects. If it is part of the information provided by an object
which actions can be performed with it, contextual objects should also
signal possible actions. The question hence arises: Do contextual objects
also imply possible actions, and if so, how do observers deal with this
additional information? We here focus on two factors that might
modulate the impact of contextual object information on action percep-
tion: goal affinity (GA) and location ergonomics (LE).

Goal affinity is defined as an object's semantic relation to the observed
action, quantified by the probability with which the object becomes
employed in the same action. Accordingly, the higher the goal affinity of
a contextual object, the more an observer will expect the contextual
object to be soon integrated into the observed action. Functional MRI
studies have shown that the mere perception of objects implicates
manipulation and action (Buxbaum et al., 2006; Johnson-Frey, 2004;
Schubotz et al., 2014). Correspondingly, we expected the goal affinity of
contextual objects to increase activity in brain areas that are related to
object-related action representation, particularly the occipito-temporal
cortex (OTC; Wigget and Downing, 2011) and the inferior parietal
lobule (IPL; Buxbaum and Kal!enine, 2010; Schubotz et al., 2014).
Moreover, we expected that the goal affinity of contextual objects cor-
relates with activity in the inferior frontal gyrus (IFG), as we found this

Fig. 1. Exemplary demonstration of experimental factors: Red dots refer to location ergonomics and include positions 1–12. Further positions are subdivided into quadrants from the
actor's perspective: close-right (cr), close-left (cl), far-right (fr) and far-left (fl). Goal affinity levels of contextual objects for distinct actions are depicted in the box.
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area to be modulated by other types of contextual information, specif-
ically room and actor information, during action observation (Wurm and
Schubotz, 2012; Hrka!c et al., 2014; Hrka!c et al., 2015). In action
observation, the IFG is suggested to be engaged in the retrieval and
integration of action-relevant semantic information (see also Caspers
et al., 2010; Kilner, 2011).

On the other hand, location ergonomics, the spatial relation to an
observed action, are meant to quantify the probability with which an
object can be reached by an actor. For example, right-handers have a
general bias for objects on their right-hand-side (Toney and Thomas,
2006; Rezaee et al., 2010; Bryden et al., 2000). This could be confirmed
by a pilot study, in which we asked participants to place an object in the
most convenient location they could think of for subsequent use. In order
to build expectations about the observed action, the location of a
contextual object in relation to the actor is meaningful in such a way that
objects that are needed for an action have to be easily reached and
grasped for subsequent efficient use. So far, object reachability has been
studied only with regard to its effect on action execution, but not
regarding the effect on goal inferences. It was found that grip facilitation
depends on the object's availability to manipulation, pointing to an
interaction between the object's pragmatic properties and the action goal
implied by the contextual setting (Kal!enine et al., 2013). Furthermore,
current research on the effects of hand proximity in relation to objects
showed that placing the hands near an object was found to initiate the
visual system for the processing of visually guided actions (Gozli et al.,
2012). Against this backdrop, we expected that goal affinity of contextual
objects should have a specific effect when located close and right to the
actor. Our own previous findings implied that objects with a low goal
affinity would then lead to increased IFG activity as they would challenge
attempts to be integrated into the currently observed action (Wurm and
Schubotz, 2012; Hrka!c et al., 2014). However, in principle, also the
opposite effect is conceivable: IFG activity increases for contextual ob-
jects with both a strong semantic and spatial relation to the observed
action, because when contextual objects score high on both dimensions,
they might trigger expectations of a concrete action sequence. These
opposite effects would speak in favor of alternative processing modes: in
the former, the brain selects more information from the scene than is
minimally needed to interpret the currently observed object manipula-
tion; then, it strives to resolve potentially conflicting information. In
contrast, the latter effect would be expected when the brain focuses only
on core information (manipulated object, manipulating hands) and se-
lects from the rest of the scene only compatible information to strengthen
the current interpretation of the object manipulation with regard to up-
coming action steps.

Materials and methods

Participants

Twenty-one right-handed subjects (12 females; 24.00 ± 3.25 years
old; range, 20–30 years) with normal or corrected-to-normal vision
participated in the study. None of them reported a history of medical,
neurological or psychiatric disorders, or substance abuse. The study
protocol was conducted in accordance with ethical standards of the
Declaration of Helsinki and approved by the local Ethics Committee of
the University of Münster. Each participant submitted a signed informed
consent and received reimbursement or course credits for their partici-
pation afterwards.

Stimuli

During the scanning session participants were presented with 360
video clips showing actions (action trials) and with 72 written action
descriptions referring to these actions (question trials) (presentation
software: Presentation Version 13.1, Neurobehavioral Systems). Each
trial (6 s) started with a video clip or a question (3 s), which was followed

by a fixation phase (3 s). To enhance the temporal resolution of the BOLD
response, a variable jitter (500, 1000, 1500 ms) was included after the
fixation phase. In 5% (N¼ 18) of the trials a null event was implemented
(6 s), which required participants to fixate a fixation cross.

Each video showed a single object-directed action performed by one
and the same actress sitting at a table and was filmed from a frontal third
person perspective (3pp). Each of the actions was performed in a typical
setting (e.g., cracking an egg in the kitchen, writing a letter in the office),
resulting in compatibility between action and context-background. Set-
tings were either a kitchen background or an office background. In total,
39 action videos in the kitchen and 33 in the office were selected.

Each video involved two target objects (e.g., a lemon and a squeezer
in „squeezing a lemon“). The actress's face was inclined downwards in
order to minimize cognitive effects of person perception (Fig. 2). In a
pilot study (C) all videos were investigated regarding their recogniz-
ability. Only videos were selected in which 100% of the participants
recognized the action correctly.

Out of the 360 action videos presented to each participant, 288
included an additional contextual object, which was always positioned in
front of the actress on a table (Fig. 2). In order to investigate whether
those objects are processed in terms of action probabilities we modulated
them due to two experimental factors: location ergonomics and
goal affinity.

Location ergonomics was quantified by a pilot study A (N ¼ 24) in
which the reachability of an object at 60 varying positions on a table had
to be rated. The mean standard deviation of this rating was 0.579. Based
on these results the table was subdivided into four quadrants: close-right
(cr), close-left (cl), far-right (fr), and far-left (fl). Furthermore, for each
quadrant three positions were selected, which differed with their regards
to reachability (high, middle, low) and, at the same time, mirrored the
positions of the other quadrants. This resulted in a total number of 12
positions for the placement of contextual objects during the observation
of action videos (Fig. 1). In a second task we asked participant to place a
“power-grip” object in the most convenient location they can think of for
subsequent use. Mean values of x and y coordinates on the table show
that participants’ preferred location for subsequent usage was close and
right to the action site.

Goal affinity was quantified on the basis of subjective ratings of a
large sample (N ¼ 500) of students (pilot study B). The mean standard
deviation of this rating was 0.645. Based on pilot data B, 144 different
objects were assigned to four different levels of goal affinity ranging
from “very low associated” to “very high associated”. Each of the 72
actions was paired with two objects of two different goal affinity levels.
However, these pairs were selected in such a way that the factor goal
affinity was evenly distributed across all levels (Fig. 1). Videos were
arranged and selected for the fMRI session so that each action was seen
five times in total, once without and four times with one contextual
object. Furthermore, those action videos containing a contextual object
were arranged in a way that all goal affinity levels at all 12 positions
occurred in an evenly distributed number (12 positions x 4 goal affinity
levels x 6 occurrences ¼ 288 action videos with a contextual object).
Videos were presented in a pseudo-randomized fashion in order to
avoid direct repetition of action, goal affinity, and location of the
contextual object. All factor levels were presented in an evenly
distributed manner.

Task

Participants were instructed to watch the video clips attentively. They
were told that after some of the video clips an action description would
appear that referred to the content of the preceding video, and that had
either to be accepted or rejected by the participants. Participants were
naïve with regard to the ratio of videos followed by a question trial. The
ratio of action and catch trials was 1:5 (20% catch trials); 50% of trials
were to be affirmed and 50% to be rejected. Action descriptions (e.g.,
squeezing a lemon) did not amount to an overarching action goal (e.g.,
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preparing a meal) but rather to each single action itself and hence a short-
term goal. Action descriptions were presented in a pseudo-randomized
fashion mixed with the experimental trials. Responses were given on a
two-button response box, using the index finger to accept and the middle
finger to reject the action description at hand. This method was used for
the purpose of keeping the participants' attention on track while
watching the videos (Wurm and Schubotz, 2012; Hrka!c et al., 2015).
Error rates were analyzed to assess participants’ behavioral performance.
Finally, a training phase of five minutes was included before the fMRI
session in order to familiarize the participants with the task.

fMRI image acquisition

Imaging was performed on a 3 Tesla Siemens Magnetom Prisma MR
tomograph using a 20 channel head coil. Participants were located in a
supine position on the scanner bed with their right index and middle
fingers positioned on the appropriate response buttons of a response box.
To minimize head and arm motions, head and arms were tightly fixated
with form-fitting cushions. Furthermore, participants were provided with
earplugs in order to attenuate the scanner noise. Whole-brain functional
images were acquired using a gradient T2*-weighted single-shot echo-
planar imaging (EPI) sequence sensitive to blood oxygenation level
dependent (BOLD) contrast (64 ! 64 data acquisition matrix, 192 mm
field of view, 90" flip angle, TR ¼ 2000 ms, TE ¼ 30 ms). Each volume
consisted of thirty adjacent axial slices with a slice thickness of 4 mm and
a gap of 1 mm, which resulted in a voxel size of 3 ! 3 ! 5 mm. Images
were acquired in ascending order along the AC-PC plane to provide a
whole-brain coverage. After functional imaging, structural data were
acquired for each participant using a standard Siemens 3D T1-weighted
MPRAGE sequence for detailed reconstruction of anatomy with
isotropic voxels (1 ! 1 ! 1 mm) in a 256 mm field of view (256 ! 256
matrix, 192 slices, TR ¼ 2130, TE ¼ 2.28).

In order to present the stimuli during the scanner session, a 45"

mirror was fixated on the top of the head coil. A video-projector pro-
jected the experiment on a screen that was positioned behind the sub-
ject's head, so that participants could see the stimuli via the mirror. The
mirror was adjusted for each participant to provide a perfect view
(center of the field of vision). In a pilot study C we controlled for
recognizability of actions and contextual objects in a similar experi-
mental setting. Only action videos in which the action and the
contextual object could be identified by at least 95% of the participants
were employed in the present study.

fMRI data analysis

fMRI data preprocessing
Brain image preprocessing and basic statistical analyses were con-

ducted using LIPSIA software package, version 3.0 (Lohmann et al.,
2001). Initially, spikes in time series were corrected by interpolating
them with adjacent time points. To correct for temporal offsets between
the slices acquired in one scan, a cubic-spline interpolation was used.
Furthermore, individual functional MR (EPI) images were
motion-corrected with the first time-step as reference and six degrees of
freedom of which three are rotational and three translational. Then, the
average across all time points of this corrected data was used as reference
scan for a second pass of motion-correction. Motion correction estimates
were inspected visually. Coregistration was done using statistical para-
metric mapping package (SPM12, Wellcome Department of Imaging
Neuroscience, London, UK). The images were coregistered and trans-
formed into a standard stereotactic space using the intercommissural line
as the reference plane for transformation (Ashburner and Friston, 1997).
Anatomical datasets were normalized to the ICBM/MNI space by linear
scaling. The resulting parameters were then used to transform all func-
tional slices employing a trilinear interpolation. Resulting data had a
spatial resolution of 3 ! 3 ! 3 mm (27 mm3). Normalized functional
images were spatially smoothed with a Gaussian kernel of 6 mm full
width at half-maximum (FWHM). Finally, a temporal high-pass filter of
1/125 HZwas applied to the data in order to remove low-frequency noise
such as scanner drift.

Design specification
The statistical evaluation was based on a least-squares estimation

using the general linear model (GLM) for serially autocorrelated obser-
vations (Friston et al., 1995; Worsley and Friston, 1995). The design
matrix was generated with delta functions and convolved with a ca-
nonical hemodynamic response function. Activations were analyzed
time-locked to the onset of the videos and the analyzed epoch comprised
the full duration (3s) of the presented videos, the duration of the null
events (6s), and the reaction time in question trials (max. 3s). The GLM
contained 12 regressors: eight predictors for the experimental conditions,
one predictor for videos without contextual objects (noCO), one
including all the null events (6s fixation phase), one predictor for ques-
tion trials, and finally one parametric regressor for the iteration of action,
which was included as a regressor of nuisance to control for effects of
action repetition. The eight predictors for the experimental conditions

Fig. 2. Schematic diagram of the task. Action trials consisted of an action video (3s) and a fixation phase (3s). Question trials consisted of a question regarding the preceding video trial (n-
1), followed by a response and fixation phase.
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were assigned with regard to location ergonomics in terms of the four
quadrants. Furthermore, goal affinity levels were merged into high (level
3 þ 4) and low level (level 1 þ 2), which resulted in the following pre-
dictors: 1. High goal affinity at close-right (cr) positions; 2. Low goal
affinity at close-right (cr) positions; 3. High goal affinity at close-left (cl)
positions; 4. Low goal affinity at close-left (cl) positions; 5. High goal
affinity at far-right (fr) positions; 6. Low goal affinity at far-right (fr); 7.
High goal affinity at far-left (fl) positions; 8. Low goal affinity at far-left
(fl) positions.

Influence of contextual objects on action perception. In order to investi-
gate whether the brain automatically seeks to integrate contextual ob-
jects with the observed action, we contrasted action videos containing a
contextual object with those, which did not (CO > noCO).

Influence of contextual objects goal affinity. For the main effect of goal
affinity, all eight predictors regarding goal affinity were used in order to
contrast high goal affinity with low goal affinity (GAhigh > GAlow) on a
first level GLM.

For the interaction analysis of goal affinity and location ergonomics
only close-right and close-left positions were included in the analysis
reflecting high and low location ergonomics, respectively. This was done
as we hypothesized close-right positions to have a specific effect on the
processing of contextual objects, due to the preferences of actors to de-
posit objects that they plan to use in upcoming action steps at such lo-
cations (Pilot Study A).

Group analysis
To obtain group statistics, the resulting contrast images of all par-

ticipants were entered into a second level random-effects analysis using a
one-sample t-test across participants to test for significant deviation from
zero. We then corrected for multiple comparisons across all voxels using
the threshold-free cluster enhancement (TFCE) method (Smith and
Nichols, 2009). The significance level for whole-brain activations was set
to p < 0.05 TFCE-corrected. Default TFCE parameters H ¼ 2 and E ¼ 0.5
were used (Smith and Nichols, 2009).

SVC Analysis. To specifically test the hypothesis that the IFG is
modulated as function of the interaction of the goal affinity and the
location of the contextual object, a small volume correction (SVC) was
performed on the interaction contrast goal affinity (high, low) x location
ergonomics (close-right (cr), close-left (cl)) at p < 0.05 TFCE-SVC-
corrected. Anatomical masks of left and right Brodmann area (BA) 44
and 45 (Amunts et al., 1999) were defined based upon the Anatomical
Toolbox (Eickhoff et al., 2005).

Results

Behavioral results

Performance during the fMRI session was assessed by error rates and
reaction times on correctly answered trials. The average response time
was 1353 ± 65 ms and the average error rate was low (1.23 ± 2.16%)
indicating that participants attentively observed and recognized
the actions.

Moreover, in a post-fMRI interview four out of the 21 subjects re-
ported not having noticed the CO during the course of the experiment,
i.e. they did not consciously process these objects. It would be great,
however, to find out whether implicit and explicit processing of these
contextual objects would lead to differential activation patterns. Unfor-
tunately the sample size was too small in order to conduct a valid sta-
tistical comparison.

fMRI results

Main effect of contextual objects
To investigate brain activity triggered by the mere presence of

contextual objects, we contrasted action trials containing contextual
objects compared with action trials, which did not (CO > noCO). After

applying a TFCE-correction at p < 0.05, the inclusion of a contextual
object revealed activation of the left intraparietal sulcus (IPS; descending
branch, middle occipital gyrus), peristriate regions of the occipital cortex
(BA 18, 19) and the fusiform gyrus (BA 19, 37) bilaterally, with stronger
activation in the left than the right hemisphere (Fig. 3; Table 1).

Main effect of goal affinity
For the main effect of goal affinity, we tested for differences between

high vs. low goal affinity trials (GAhigh > GAlow). We hypothesized that
goal affinity of the contextual objects modulates activity of the OTC and
the IPL. TFCE corrected at p < 0.05, we found the OTC (local maxima in
posterior middle temporal gyrus and inferior temporal gyrus) and the IPL
(IPS) to be activated bilaterally, for high compared to low goal affinity
trials. In addition, the dorsolateral prefrontal cortex (dlPFC) was acti-
vated bilaterally, more specifically in BA 8, 9 and 10. Finally, we found
activity in the precuneus and the cerebellum. The reverse contrast
(GAlow > GAhigh) revealed no significant activation.

To test whether the activations found for high compared to low goal
affinity were due to an increase in activation for contextual objects with a
high goal affinity rather than a decrease for contextual objects with low
goal affinity, we calculated a conjunction of the TFCE-corrected contrast
GAhigh > GAlow and the TFCE-corrected contrast GAhigh > Rest (Null-
Events), i.e. (GAhigh > GAlow) ∩ (GAhigh > Rest). When corrected at
p < 0.05, the conjunction analysis revealed bilateral activation of the IPS
(including aIPS), the dlPFC, the OTC, the precuneus, and the cerebellum
(Fig. 4; Table 2). The results indicate that the effect of GAhigh > GAlow did
in fact become apparent due to an increase in activation for contextual
objects with a high goal affinity. The conjunction analysis for low GA
((GAlow > GAhigh) ∩ (GAlow > Rest)) revealed no significant activations.

Interaction of goal affinity by actor side
In order to investigate whether goal affinity effects differed depend-

ing on the contextual objects location, we conducted a SVC-based anal-
ysis of the left and right IFG for the interaction contrast goal affinity
(GAh, GAl) x location ergonomics (close-right (cr), close-left (cl)). The
analysis revealed significant engagement of the left and right IFG (Fig. 5),
when TFCE-corrected at p < 0.05. Mean beta values of the significantly
activated clusters can be found in Fig. 5.

Discussion

The present study aimed at gaining insight into the question if and
how the brain processes nearby objects (contextual objects, COs) that are
not involved in an observed action. We manipulated the contextual ob-
jects' semantic relation (goal affinity, GA) as well as their spatial relation
(location ergonomics, LE) to the observed action. We expected both
factors to influence action observation such that, first, the higher the
contextual object's goal affinity the stronger the observing brain's read-
iness to integrate it into the observed action. Second, we expected that
goal affinity would have an additional effect for contextual objects pre-
sented close and right to the actor, i.e., those contextual objects that were
potentially easy to reach for the actor (Pilot study A).

We found that contextual objects are processed by brain areas that
transcend simple visual processing of man-made objects. In particular,
activity increased at several sites when the contextual objects' semantic
relationship to the observed action was strong. Notably, when such
contextual objects with a high goal affinity were presented close and to
the right side of the actor in contrast to close left, we observed additional
effects. We had hypothesized modulation of the IFG, which is known to
be involved in the retrieval and integration of action-relevant semantic
information. In the following, we will outline the view that the impact of
the actor's location on the contextual object's goal affinity suggests that
objects lying close to the actor's dominant hand are processed as being
potential future targets of the observed actor.

Our findings show that the brain processes objects in the vicinity of an
observed action, and it does so in a telling manner. We here have to
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distinguish between the effects induced by the mere presence of a
contextual object on the table (vs. no contextual object), and the effects
induced by the goal affinity this contextual object has with regard to the
observed object manipulation. Regarding the presence of contextual
objects, in our experiment contextual objects were from trial to trial
located at different sites on a table including locations that were not
easily accessible to the actor. Independent of this accessibility, the mere

presence of an object anywhere on the table increased neural activation
in areas known for visual, haptic, and action-related object processing,
including the left IPS (Creem-Regehr, 2009; Grefkes and Fink, 2005;
Singh-Curry and Husain, 2009; Ramsey et al., 2011), the fusiform gyrus
(cf. Bar et al., 2001; Tyler et al., 2004), and visual association areas, i.e.,
BA 18 and 19 (Chawla et al., 1999). Activity in the visual association
areas, especially BA 19, corresponds to the occipital place area (OPA),
which is suggested to represent local elements of an action scene (Kamps
et al., 2016).

Remarkably, an additional set of brain areas was engaged in pro-
cessing the goal affinity of the contextual object in relation to the currently
observed action, indicating an in-depth processing for this particular
object property. This set of areas included the posterior components of
the action observation network (AON), i.e., the right IPS (in addition to
the left IPS already active for contextual objects vs. no objects) and the
OTC. We additionally found activation of the precuneus and the dlPFC,
which we had not a priori hypothesized and only shortly speculate upon
in the following. While AON activity is already triggered by the obser-
vation of short and simple object manipulations, dlPFC and precuneus are
often seen to join this network for longer and multi-step actions (e.g.,
Wurm et al., 2014). The posterior dorsal precuneus, which we found in
our contrast, is strongly connected to the co-activated middle frontal
gyrus (dlPFC), and both are engaged in visuomotor imagery and action

Fig. 3. Effects of contextual objects, at p < 0.05, TFCE-corrected. P-values are scaled to –log10 (p).

Table 1
fMRI activations for the presence of contextual objects (CO > noCO).

Regiona Side BA MNI Coordinates p valuesb/local
maxima

x y z

Fusiform gyrusc L 37/
19

!24 !76 !7 1.9

R 37/
19

30 !46 !10 1.5

Middle occipital
gyrus

L – !27 !85 32 1.4
R 19 36 !85 26 1.4

Cuneus R 18 18 !91 8 1.3

R, Right; L, Left; x, y, z, MNI coordinates of peak voxel activation.
a According to the Anatomy Toolbox (Amunts et al., 1999).
b TFCE-corrected for multiple comparison: p-values are scaled to –log10 (p).
c Extending into left BA 18 þ 19.

Fig. 4. Effects of goal affinity at p < 0.05, TFCE-corrected. P-values are scaled to –log10 (p).
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planning (Zhang & Chiang-shan, 2012). Balser et al. (2014a) reported
enhanced precuneus and cerebellar activity for experts vs. novices during
the anticipation of sports movements. In a further study, these areas'
activity increased as a function of sport experts' anticipatory performance
(Balser et al., 2014b). In a similar vein, Calvo-Merino et al. (2005) re-
ported an almost identical network as ours to increase its activity when
expert dancers watched previously learned versus novel movements.
These activations were interpreted as a recall of acquired action repre-
sentations, enabling greater skills in anticipating these actions' outcomes
(cf. Aglioti et al., 2008). In sum, we take the network for high vs. low goal
affinity to reflect enhanced action anticipation in the observers’ brains,
and thus to corroborate the notion that contextual objects are processed
with regard to their potential upcoming usage in an observed action.

To further explore the impact of contextual objects on brain activity
during action observation, we tested the hypothesis that goal affinity
would have a specific effect when contextual objects were located close
and right to the actor. This idea derived from the fact that actors have a
preference to deposit objects that they plan to use in upcoming action
steps at this location (Pilot study A). We reasoned that the observers'
brains should be tuned to integrate particularly those contextual objects
in the currently observed action that are endorsed by their ergonomic
location; moreover, if these contextual objects score particularly high on
goal affinity to the ongoing action, semantic integration should be
especially facilitated. Based on former studies, we expected IFG to be the
area where such integration effects could surface (Wurm and Schubotz,
2012; Hrka!c et al., 2014; see also Kilner, 2011). Indeed, the comparison

Table 2
fMRI activations for Goal Affinity (GAhigh > GAlow) ∩ (GAhigh > Rest).

Regiona Side BA MNI Coordinates p valuesb/local
maxima

x y z

IPL L – !54
!42

!34
!52

44
59

3
3

R – 45
36

!40
!46

53
59

3
2.7

MTG/ITG L 21/22/
37

!57 !61 !1 3

R 21/22/
37

52 !66 !6 3

Fusiform gyrus L 20/36 !27 !7 !37 2.15
R 20/36 27 3 !44 1.8

Precuneus L 7 !12 !73 56 2.4
R 7 12 !67 59 2.3

Middle orbital
gyrus

L 10 !45 56 !5 1.9
R 10 45 59 !7 2.0

MFG L 8/9 !51 14 38 2.4
R 8/9 51 23 35 1.86

Cerebellum
(Crus 1)

L !14 !79 !22 3

Cerebellum (V1) R 15 !73 !22 3

R, Right; L, Left; IPL, inferior parietal lobule; MTG, middle temporal gyrus; ITG, inferior
temporal gyrus; MFG, middle frontal gyrus; x, y, z, MNI coordinates of peak voxel
activation.

a According to the Anatomy Toolbox (Amunts et al., 1999).
b TFCE-corrected for multiple comparison: p-values are scaled to –log10 (p).

Fig. 5. Effects of IFG SVC, TFCE-corrected at p < 0.05. P-values are scaled to –log10 (p). The bar graphs depict beta values of the significantly activated clusters, in order to provide a better
understanding of the interaction effect. The IFG was enhanced by contextual objects with high goal affinity when presented close to the actor's right (cr) vs. left (cl).
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between close right and close left contextual objects revealed an
enhanced goal affinity effect in both right and left IFG: while high and
low goal affinity objects induced comparable activity in this brain region
when contextual objects were presented to the actor's left hand side, they
differed significantly when presented to the actor's right (Fig. 5). The
engagement of the IFG in close-left positions of the contextual objects
could be interpreted as baseline activation. Hence, when presented close
and right to the actor, contextual objects with high goal affinity received
a boost in IFG engagement, while low goal affinity contextual objects led
to a suppression of IFG activation. This finding supports the view that
contextual objects were processed in their relation to the actor and the
action: not only with regard to their goal-relatedness, but also with re-
gard to their spatial reachability. The influence of the actor's location on
the goal affinity effect implies that contextual objects are perceived as
being possible upcoming targets of the actor: the stronger the spatial and
semantic relation of the contextual object to the observed manipulation,
the more information regarding a specific upcoming action sequence is
provided, and possibly, the more a specific action goal can be anticipated.
This result is in good accordance with the presumed core function of the
IFG in action observation, i.e., the retrieval and integration of
action-relevant semantic information (Caspers et al., 2010; Kilner, 2011).
Beyond its role in action observation, the IFG has also been linked to
response inhibition (e.g. Menon et al., 2001; Rubia et al., 2003; Aron
et al., 2004) and to the detection of important cues (Hampshire et al.,
2010). We cannot exclude that, and therefore it remains to be elucidated
in future studies, whether such processes might have taken part to
enhance focus on the currently observed action, as required by our task.

We suggest that, as long as contextual objects are not presented in the
close right area of the actor, they are processed with regard to their goal
affinity (relative to the observed action), whereas when entering the
preferred action zone, this information is used as current impact on up-
coming overarching goals.

In previous studies of our own (Hrka!c et al., 2014; Wurm and Schu-
botz, 2012) we found interference rather than enhancement effects for
contextual information in action processing. This apparent discrepancy
can be resolved by the fact that in Wurm and Schubotz (2012) we
investigated the effect of compatibility and incompatibility of room in-
formation on action perception, whereas the present study emphasized
the effect of compatibility, ranging from unspecific compatibility (low
goal affinity) to very specific compatibility (high goal affinity). Thus, in
the present study no strong conflict or mismatch emerged by the presence
of contextual objects with low goal affinity. Going into more detail, in
Wurm and Schubotz (2012) we created compatible room information by
employing a set of non-specifically related contextual objects in order to
form a room category (e.g., kitchen: stove, kettle, bottle of milk). Hence,
contextual objects were processed as part of the ‘room information’. As
we are used to be surrounded by room-compatible objects not directly
fitting our action goals, compatible objects can be neglected by an
observer, whereas objects revealing incompatible room information are
given more weight. In contrast, in the present study contextual objects
were presented in isolation and in front of the actor and action site, while
additional room information provided behind the actor was kept con-
stant. Therefore, contextual objects received a special emphasis with
regard to their implications for probable goals or – at least – subsequent
action steps. Due to their potential to soon become core information, an
interference effect of low goal affinity contextual objects was still
conceivable, especially when positioned close and right to the actor. The
fact that we did not find an effect of low goal affinity on IFG activation
suggests that – in line with Wurm and Schubotz (2012) - contextual
objects with a non-specific compatibility to the room category are in fact
treated as non-informative regarding a specific action goal. Hence, we
assume that low goal affinity contextual objects are perceived as part of
the room category comparable to the compatibility condition in Wurm
and Schubotz (2012). Indeed, in everyday life most of the objects that
surround us are room-compatible but have a low goal affinity to the
object manipulation we are about to perform. On the contrary, contextual

objects with a high goal affinity are perceived as highly informative in
such a way that a specific overarching action goal and hence a concrete
action sequence can be generated, especially when presented close and
right to the actor.

Conclusion

Our study shows that objects provide a meaningful context for
observed actions, even when they are neither involved in the action nor
relevant to the observer's task. Brain activation elicited by a contextual
object varied as a function of the currently observed action, i.e., the
contextual object's goal affinity. Moreover, when highly goal-related
objects were presented close to the actor's preferred action space, addi-
tional brain activity signified efforts to integrate the contextual object
into potentially upcoming action steps.
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Abstract 

Acting in a social world not only involves understanding the intention of others but at the same 

time considering one’s ability and opportunity to act. The present study investigated whether 

in a third-person perceptive (3pp) action observation paradigm participants establish their own 

action space by perceiving unused contextual objects (COs) in a scene not only regarding the 

observed action but also with reference to themselves. Participants were presented with action 

videos that contained COs at varying locations on a table. We conducted a behavioural study 

(N = 24) assessing reachability scores of the COs from an observing perspective. In a separate 

sample (N = 21), we employed fMRI while participants were presented with the same action 

videos as in the behavioural study. Reachability scores of the behavioural study were used to 

model the BOLD responses in the fMRI data analysis. Reachability scores of the COs assessed 

by the behavioural study revealed that in addition to the actor’s space, participants created their 

own action space in the scene. The fMRI analysis revealed significant activations in premotor, 

cingulate, inferior parietal, and insular cortex parametrically increasing with reachability of the 

presented CO for the observer. Results suggest that depending on where COs are located, even 

merely observing an action from 3pp can trigger the involvement of an observer-referenced 

perspective: proximal located unused COs furnish action observers with their own action 

possibilities. 
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Action observation, fMRI, perspective, insula, object perception 
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Introduction 
 
In everyday life, we frequently observe other people acting and easily infer their goals (cf. Van 

Overwalle & Beatens, 2009; Caspers, Zilles, Laird, & Eickhoff, 2010). This inference is 

significantly influenced by the contextual setting in which the action takes place (Costantini, 

Ambrosini, Sinigaglia, Committeri, 2010; Borghi, Flumini, Natraj, & Wheaton, 2011; Wurm 

& Schubotz, 2012; Hrkać, Wurm, & Schubotz, 2014; El-Sourani, Wurm, Trempler, Fink, & 

Schubotz, 2018). Context provides information about the (Wurm & Schubotz, 2012), the actor 

(Hrkac et al., 2014), and the location of objects (Costantini et al., 2010; El-Sourani et al., 2018). 

We recently showed that contextual objects (COs), i.e., objects which are part of an observed 

scene but which are not yet integrated into the observed action, shape brain activity during 

action observation although being task-irrelevant (El-Sourani et al., 2018). By modulating COs’ 

semantic (Goal Affinity) and spatial (Location Ergonomics) relation to the observed action, we 

found that COs were spontaneously processed in reference to the current goal of the agent. 

Brain activation in action observation network (AON) nodes implied that the stronger the 

semantic relation of a CO to the observed action, the more a specific action sequence and hence 

a specific action outcome could be anticipated. This effect was further increased when the CO 

was presented close to the agent’s right hand (close-right, hereafter; cf. Figure 1). This area is 

where right-handed actors preferred to place objects that they planned to reach for subsequent 

manipulation, according to own pilot data (unpublished). Specifically, we took inferior frontal 

gyrus (IFG) engagement to show that a strong spatial relation in combination with a strong 

semantic relation to the observed action leads action observers to perceive the contextual object 

as a potential future target of the actor (Wurm & Schubotz, 2012; Hrkac et al., 2014). 

Building on these findings, we here aimed to extend this idea and conjectured that acting in our 

social world comprises situations which not only involve the understanding of the other 

person’s intention to act but at the very same time one’s ability and opportunity to act and 

interact with one another and the environment. Previous explorative analyses showed us that 

the observer’s perspective might play a crucial role in action interpretation in the present 

paradigm: We found shortest reaction times for the recognition of actions including highly 

semantically related COs that were either close-right to the actress or far-left to the actress, the 

latter being equivalent to close-right to the observer (180 degrees rotated). The most 

parsimonious explanation for these findings is that observers are fastest in processing those 

COs that are particularly easy to reach either for the actor or the observer (cf. Costantini, 

Committeri, & Sinigaglia, 2011), According to the concept of peripersonal space (Rizzolatti, 

Fadiga, Fogassi, & Gallese, 1997; Bufacchi & Iannetti, 2018), it is conceivable that in our 
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paradigm, action observers represented the space proximal to the actor, and objects within this 

space, as referenced to the actor (actor-referenced map) (cf. El-Sourani et al., 2018). Likewise, 

they most probably represented the space proximal to the 3pp camera position – the virtual 

location of the observer – as belonging to their own peripersonal space and thus as being 

referenced to themselves, including objects therein (observer-referenced map). The overlap 

between the actor’s and observer’s peripersonal space, the shared action space (Pezzulo, Iodice, 

Ferraina, & Kessler, 2013), is convenient to reach for both. We reasoned that COs located either 

in the observer-referenced map or in the shared action space should trigger brain activity 

associated with observer-involvement, as both incorporate the engagement of the observer’s 

perspective (Figure 3, heatmaps). 

Against this backdrop, we conducted the present follow-up study to explore (i) whether 3pp 

action observation can trigger an involvement of the observer’s perspective (observer-

referenced) in addition to an actor-referenced perspective that we witnessed in the previous 

study (El-Sourani et al., 2018), and if so, (ii) how this effect is represented in the brain.  

Typically, in 3pp action observation paradigms, it is not possible to account for the observer’s 

perspective, as there are no means to measure it. Importantly, the introduction of COs enabled 

us to take the observer’s perspective into account. In a first step, we conducted a behavioural 

study (in a separate group of N = 24 subjects) assessing reachability scores for COs from the 

observer's perspective. Participants were presented with the original action videos from the 3pp 

(El-Sourani et al., 2018), with a camera perspective that led to the impression one would be 

sitting at the table opposite to the actress. We asked participants how reachable COs would be 

for them as observers. Subsequently, these scores were used as a regressor to model the BOLD 

response in a re-analysis of the fMRI dataset of El-Sourani et al. (2018).  

In El-Sourani et al. (2018) we already showed that COs in the preferred action zone of the 

actress were processed concerning the actress and the observed action. In contrast, in the present 

study, depending on their localization, some COs were hypothesized to trigger an observer-

referenced action representation rather than an actor-referenced one. We expected that the more 

convenient the spatial location of the CO for a hypothetical grasping of the observer, the 

stronger the responses in brain areas representing this observer perspective, specifically the 

AON, which mediates the goal-representation governing our behavioural space (Metzinger & 

Gallese, 2003). Among the AON components, left anterior intraparietal lobule (aIPL) and 

ventral premotor cortex (PMv) were previously found to positively co-vary with the number of 

object-implied action possibilities (Schubotz, Wurm, Wittmann, & von Cramon, 2014), and 

with the number of sub-goals required to achieve a final overarching goal (Newmann-Norlund, 
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Noordzij, Meulenbroek, & Bekkering, 2007). It is conceivable that these areas are especially 

engaged with increasing observer involvement, as the CO might even imply additional actions 

and action goals for the observer, irrespective of the observed action.  

Moreover, we assumed that the involvement of the observer-referenced action space also entails 

processes related to agency and self-other distinction. These effects could be particularly 

pronounced in the shared action space where actress and observer could cooperate or compete 

for the presented COs. Previous findings indicate that on a neural level, the insula and the right 

IPL may be crucial in distinguishing self from other (Newman-Norlund et al., 2007). 

Specifically, activation of the right IPL was negatively correlated with a sense of agency 

(Blakemore, Oakley, & Frith, 2003; Blanke & Arzy, 2005; Farrer et al., 2003), while activation 

in the insula was positively correlated with a feeling of control (Farrer & Frith, 2002; Farrer et 

al., 2003). In a similar vein, the insula has been related to issues of agency in joint action tasks 

(Newman-Norlund et al., 2007). Accordingly, we expected increased activity in the insula to 

accompany AON activity for COs at observer-convenient positions.  
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2. Materials and Methods 

 

In this follow-up study the identical participant sample, stimuli and task were used as in El-

Sourani et al. (2018), and will therefore only briefly be described in the below section. For a 

detailed description please see El-Sourani et al. (2018). 

 

2.1 Participants 

Twenty-one right-handed subjects (12 females; 24.00 ± 3.25 years old; range, 20-30 years) with 

normal or corrected-to-normal vision participated in this study. Participants neither reported a 

history of neurological or psychiatric disorders nor of substance abuse. The study protocol was 

conducted following the ethical standards of the Declaration of Helsinki and approved by the 

Ethics Committee of the University of Münster. Before participation, each subject submitted a 

signed informed consent. Subjects either received course credits or reimbursement after 

participating. 

 
Figure 1. Illustration of the experimental factors: Red dots refer to location ergonomics (positions 1-12). Further 
positions are subdivided into quadrants from the actor’s perspective: close-right (cr), close-left (cl), far-right (fr) 
and far-left (fl). Goal affinity levels of contextual objects for distinct actions are depicted in the box. Retrieved 
from El-Sourani et al. (2018). 
 
2.2 Stimuli 

During the scanning session, participants were presented with 360 action videos, of which 280 

included an additional contextual object positioned in front of the actress on the table. Each 

action video depicted a single object-directed action with two target objects and with two 

varying factors regarding the additional contextual object (Figure 1): Goal Affinity, depicting 
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the semantic relation to the observed action, and Location Ergonomics, depicting the spatial 

relation to the observed action (Figure 1). 

Actions were performed by the same actress throughout the experiment and were filmed from 

a third person perspective (3pp). Actions were performed in their typical setting (either a 

kitchen or an office), resulting in compatibility between action and context. Videos were piloted 

regarding their recognizability, and only those videos were employed, which were recognized 

by all participants. 

Each trial (6 s) started with a video clip or a question (3 s), which was followed by a fixation 

phase (3 s). A variable jitter (500, 1000, 1500 ms) was included after the fixation phase. In 5% 

(i.e., N = 18) of the trials a null event was implemented (6 s), which required participants to 

fixate a fixation cross (Figure 2). During the scanning session, action trials were intermixed 

with question trials (20%), that is, 72 written action descriptions referring to these actions were 

presented. Videos were presented in a pseudo-randomized fashion to avoid direct repetition of 

action, goal affinity, and location of the contextual object. All factor levels were presented in 

an evenly distributed manner. Stimuli were presented using Presentation 13.1 (Neurobehavioral 

Systems, San Francisco, CA, USA). 

 

 
 
Figure 2. Schematic illustration of the task. Action trials consisted of an action video (3s) and a fixation phase 
(3s). Question trials consisted of a question regarding the preceding video trial (n-1), followed by a response and 
fixation phase. Retrieved from El-Sourani et al. (2018). 
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2.3 Task 

Participants were instructed to observe the video clips and to respond to the action description 

(20%) that either referred to the content of the preceding video (50%) or not (50%). Participants 

had to either accept or reject the action description using a two-button response box. This task 

was chosen to ensure the participants’ attention throughout the experiment (Wurm & Schubotz, 

2012; Hrkać et al., 2015).  

 

2.4 Pilot study on perceived observer and actor space 

As we were interested in whether participants were actively engaging in the action scene, we 

used the final video selection for an additional behavioral study (Pilot "Observer"). We asked 

24 right-handed individuals to rate on a 5-point Likert Scale the ease with which they thought 

they could reach and grasp the contextual object as active counterparts in the videos. This was 

done in order to establish a reachability-by-observer map. 

Moreover, to represent the actor-referenced map (Pilot "Actor"), data from the original pilot 

study to determine Location Ergonomics for the actor were used from El-Sourani et.al (2018). 

Here, mean values for the 12 selected locations on the table according to the final video 

selection of El-Sourani et al. (2018) were used (Figure 1). Ratings of the Pilot "Observer" 

(depicted in Figure 4 A/B) indicated that action observers perceived the space on the table in a 

180-degree rotated fashion, for example, far left positions become close-right (Figure 3 A/B, 

heatmaps).  

Data were analyzed using the statistic software package R (R Foundation for Statistical 

Computing, Vienna, Austria). In order to compare the results of actor-referenced and observer-

referenced maps, data were z-standardized before statistical analysis. To test for differences in 

reachability of the COs depending on their location within and between studies, we conducted 

repeated measures ANOVAs. The standardized mean values per position were used as 

parametric regressors for the fMRI analysis. For the observer-referenced map, we used the 

standardized data set of Pilot “Observer” per CO location. In order to determine the regressor 

for the shared action space, we added up the values of the observer-map and the actor-map 

(derived from the original Location Ergonomics Pilot Study in El-Sourani et al. (2018)). 

Accordingly, the highest values depict locations which are most convenient to reach for both 

the actor and the observer. Figure 3 provides an illustration of these maps. 
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2.5 fMRI Image Acquisition 

Imaging was performed on a 3 Tesla Siemens Magnetom Prisma MR tomograph using a 

20channel head coil. Participants were located in a supine position on the scanner bed with their 

right index and middle fingers positioned on the appropriate response buttons of the response 

box. The head and arms were tightly fixated with form-fitting cushions to minimize motion. 

Furthermore, participants were given earplugs and headphones to attenuate the scanner noise. 

Whole-brain functional images were acquired using a gradient T2*-weighted single-shot echo-

planar imaging (EPI) sequence sensitive to blood oxygenation level dependent (BOLD) contrast 

(64 x 64 data acquisition matrix, 192 mm field of view, 90° flip angle, TR = 2000 ms, TE = 30 

ms). Each volume consisted of thirty adjacent axial slices with a slice thickness of 4 mm and a 

gap of 1 mm, which resulted in a voxel size of 3 x 3 x 5 mm. Images were acquired in ascending 

order along the AC-PC plane to provide a whole-brain coverage. After functional imaging, 

structural data were acquired for each participant using a standard Siemens 3D T1-weighted 

MPRAGE sequence for detailed reconstruction of anatomy with isotropic voxels (1 x 1 x 1 mm) 

in a 256 mm field of view (256 x 256 matrix, 192 slices, TR = 2130, TE = 2.28). 

In order to present the stimuli during the scanner session, a 45° mirror was fixated on the top 

of the head coil. A video-projector projected the experiment on a screen that was positioned 

behind the subject’s head so that participants could see the stimuli via the mirror. The mirror 

was adjusted for each participant to provide a perfect view (center of the field of vision). In a 

pilot study, we controlled for recognizability of actions and contextual objects in a similar 

experimental setting. Only action videos in which the action and the contextual object could be 

identified by at least 95% of the participants were employed in the study. 

 

2.6 fMRI Data Analysis 

2.6.1 fMRI data preprocessing 

Brain image preprocessing and statistical analyses were conducted using SPM12 (Wellcome 

Department of Imaging Neuroscience, London, UK; 

see: http://www.fil.ion.ucl.ac.uk/spm/software/spm12/). Functional images were slice-timed to 

the middle slice to correct for differences in slice acquisition time. To correct for three-

dimensional motion individual functional MR (EPI) images were realigned to the mean epi 

image and further motion correction estimates were inspected visually. The anatomical scan 

was co-registered (rigid body transformation) to the mean functional image. Each subject’s co-

registered anatomical scan was segmented into native space tissue components. The parameters 

obtained were applied to normalize the subject’s functional scans to the template brain MNI 
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space. Finally, the normalized images were spatially smoothed using a Gaussian kernel of 

8mm3 full width at half-maximum (FWHM). A 128 s temporal high-pass filter was applied to 

the data to remove low-frequency noise. 

 

2.6.2 Design specification 

The statistical evaluation was based on a least-squares estimation using the general linear model 

(GLM) for serially autocorrelated observations (Friston et al., 1995; Worsley & Friston, 1995). 

The design matrix was generated with delta functions and convolved with a canonical 

hemodynamic response function. The subject-specific six rigid-body transformations obtained 

from residual motion correction were included as covariates of no interest. Activations were 

analyzed time-locked to the onset of the videos and the analyzed epoch comprised the full 

duration (3s) of the presented videos and the reaction time in question trials (max. 3s). Our 

GLM contained six regressors in total: One predictor containing all videos including an object 

(VidOb), one predictor containing all videos without a contextual object (noOb), one regressor 

for question trials (Que), and parametric regressors for the experimental manipulation. The 

three parametric regressors depicted the standardized mean values of the respective behavioral 

maps per position for videos containing a contextual object: observer-referenced (parObs), 

shared space overlay (parShared), and actor-referenced (parAc). Here, parObs and parShared 

served as regressors of interest, whereas parAc was included as a regressor of no interest to 

control for the effect of the actor space. Resting periods (null events) were not modeled and 

served as the implicit baseline (Pernet, 2014). 

 

2.6.3 Group analysis  

To obtain group statistics, the resulting contrast images of all participants for our regressors of 

interest involving the observer’s perspective, i.e., parObs and parShared, were entered into a 

second level random-effects analysis using a one-sample t-test across participants to test for 

significant deviation from zero. We then corrected for multiple comparisons using the false 

discovery rate (FDR) method with p < 0.01. Activation maps were superimposed on a 

ch2better.nii.gz atlas using MRIcron software (https://www.nitrc.org/projects/mricron). 
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3. Results 

 

3.1. Behavioral results 

3.1.1 Perceived reachability by the observer 

In a first step, mean rating scores for the observer-referenced hypothetical reachability were 

calculated and separately aggregated according to four quadrants on the table: close-right, 

close-left, far-right and far-left. Descriptive results are shown in Figure 4A. As evident from 

the heatmaps (Figure 3), observer-referenced scores were roughly inverse to the actor-

referenced scores. As we were interested in exploring the potential role of an observer, we next 

conducted a repeated measures ANOVA with the four-level within-subject factor CO 

LOCATION (close-rightobserver, close-leftobserver, far-rightobserver, far-leftobserver) for the observer-

referenced reachability rating. This effect was significant (F(3, 69) = 40.3, p < 0.001), showing 

that for an observer the reachability of the CO differed significantly depending on where it was 

located.  

 
Figure 3. Heat-maps showing the mean reachability ratings according to 12 positions on the table. Dark red 

indicates very easy to reach locations, while dark green indicates locations out of reach. A. Reachability-by-

observer B. Reachability-by-actor C. Shared action space, an overlay of both ratings. 
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3.1.2 Comparison between reachability by observer versus reachability by actor 

To test for differences between observer-referenced and actor-referenced reachability, we 

conducted a 2 x 2 between-subjects factorial ANOVA on rating scores with the factors 

REFERENCE (actor, observer) and CO LOCATION (far, close). The interaction of these factors was 

significant (F(1,112) = 29.83, p < 0.001; Figure 4C).  

 
Figure 4. Behavioral results of CO reachability. (A) Mean reachability-by-observer scores, including SE values 

per condition. (B) Interaction of REFERENCE (actor/observer) by CO LOCATION (close/far). 

 

3.2. fMRI results 

To investigate evidence for a potential involvement of an observer-referenced processing 

perspective, we investigated the parametric effect of the observer-referenced map of CO 

locations (FDR-correction at p < 0.01). The observer-referenced map revealed activation in 

several areas to increase with increasing reachability-by-observer, including the left aIPS, the 

left insula, bilateral PMv, PMd, (pre)supplementary motor area (SMA), and middle cingulate 

cortex (MCC), with an overall more pronounced effect in the left hemisphere (Figure 5; Table 

1). The reverse effect did not show any significant activation patterns after correction.  

In order to test whether brain areas with a preference for the area which is convenient to reach 

for both the observer and the actor, we additionally tested for the parametric effect of the shared 

action space. This map was generated by adding up the z-standardized values of the actor-

referenced map and the observer-referenced map and thus highlights areas that are best 

reachable for both the actor and the observer, as rated by the observer. After FDR correcting at 

p < 0.05, no significant activations were revealed by this analysis. 
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Figure 5. Parametric effect of the observer-referenced CO map, at p < 0.01 FDR corrected. The parametric effect 

of reachability-by-observer revealed increased activation in left aIPS and left insula, left pMTG in addition to 

bilateral (pre)-SMA, MCC, PMd, and PMv. 

 

 
Table 1. fMRI activations for the observer-referenced map (parObs) 

   MNI Coordinates  
Region Hemisphere BA x y z t-scores 
SMA l 6 -3 -10 56 6.44 
 r 6 1 -7 55 5.64 
pre-SMA l 6 -4 6 52 4.91 
aIPS l - -49 -24 42 5.31 
PMd l 6 -33 -10 58 4.81 
 r 6 39 -13 59 4.95 
PMv l 6 -57 5 32 5.52 
 r 6 60 8 35 4.31 
IFG l 44 -51 11 23 4.92 
MCC l 32 -9 9 42 4.62 
 r 32 11 20 38 4.34 
Insula l 48 -27 20 5 4.58 
  48 -36 -4 14 4.73 
Visual association area/ 
lingual gyrus** 

l 18 -15 -91 -4 6.1 

Supramarginal gyrus/ 
pSTS 

l 40/22 -57 -25 23 4.7 

 r 22/40 66 -40 26 4.78 
(p)MTG l 21 -54 -58 14 4.70 
 l 21/22 -57 -43 5 4.88 
MI l 4 -42 -19 53 6.29 
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Cerebellum r - 24 -46 -25 7.18 
 r - 21 -58 -46 4.67 

r, right; l, left; x, y, z, MNI coordinates of peak voxel activation; **ranging into left fusiform gyrus; PMv, ventral premotor 
cortex; PMd, dorsal premotor cortex; IFG, inferior frontal gyrus; pMTG, posterior middle temporal gyrus; SMA, supplementary 
motor area; pSTS, posterior superior temporal sulcus; p < 0.01 FDR-corrected for multiple comparison 
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4. Discussion 

 

Observers perceive unused contextual objects (COs) in an action scene as goal-referenced to 

the actor's current action, especially when they are easy to reach by the actor (El-Sourani et al., 

2018). The present fMRI study investigated whether participants concurrently, merely by 

watching an action video from 3pp, also establish their own action space in the presented scene. 

To this end, subjects rated the location of COs concerning their reachability by themselves (i.e., 

the observers). Using these rating scores to analyse BOLD responses during action observation 

of a separate sample in a fMRI study, we found that activity in premotor, inferior parietal, 

cingulate, and insula cortex parametrically increased with the CO location's (virtual) 

reachability for the observer. We propose that depending on where COs are located observers 

grant either the actor or themselves with potential action possibilities.  

Our findings showed that subjects were able to represent COs' reachability both concerning 

themselves and the actor. Thus, close-rightobserver located COs were particularly easy to reach 

for the observer, but difficult to reach for the actor, comparable to far-leftactor located COs. As 

evidenced by previous pilot studies, this effect appears unlikely to be due to mere visual 

characteristics, such as better visibility of the COs when they were located close to the observer, 

only. The object size, and thus visibility and recognisability of the objects, differed only subtly 

between close and far positions.  

As hypothesized for the parametric effect of reachability-by-observer, we found activation at 

several AON sites. We specifically expected the aIPS in combination with the PMv to increase 

with reachability-by-observer, as activation of these areas co-varies both with the number of 

object-implied action possibilities (Schubotz et al., 2014) and of sub-goals required to achieve 

a final overarching goal (Newmann-Norlund et al., 2007). About the present finding, we suggest 

that COs in the observer's operational space provided independent action possibilities such as 

handing over the CO to the actor or manipulating it on one's own. Speaking in favour of this 

interpretation, we also found preSMA/SMA and mid-cingulate cortex (MCC) activity to 

increase with COs' increasing reachability-by-observer. SMA supports the execution of 

sequential actions and bimanual movements, while the pre-SMA has been associated with 

response selection as well as response inhibition (Chouinard & Paus, 2010; Nachev, 2008). 

SMA in combination with left lateral premotor cortex (Filimon, 2010; Fagg & Arbib, 1998; 

Rizzolatti & Luppino, 2001; Brochier & Umiltà, 2007), as found in the present study, suggests 

that participants imagined or planned to initiate a right-hand reach and grasp towards an object. 

Thus, the more comfortable a CO could be reached by the participants, the more consistently 
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their brains engaged in such a subliminal imagined reach and grasp action towards the CO. 

Also, the recruitment of the pre-SMA might point to inhibition of this motor initiation (Chen et 

al., 2009). This interpretation is supported by the fact that we found preSMA/SMA activity to 

coincide with increased engagement of the adjacent MCC (Vogt, Berger, & Derbyshire, 2003; 

Vogt, 2005; Medford & Critchley, 2010). 

Neuroimaging studies have attributed activation of the cingulate cortex to a wide range of 

attentional control functions, such as conflict monitoring, motor control, and motor inhibitory 

processes (Rubia et al., 2001; Brandeis, Brandys, & Yehuda, 1989; Botvinick, Braver, Barch, 

Carter, & Cohen, 2001; Hoffstadter et al., 2014). The same is true for increased insular activity 

(Kana, Keller, Minshew, & Just, 2007), and together with the anterior cingulate cortex (ACC), 

the MCC and insula have been suggested to operate as a (response) inhibition network (Kana 

et al., 2007). Other evidence of a direct functional relationship comes from a resting state 

connectivity study. Here, Taylor and colleagues (2009) proposed two distinct insula-cingulate 

systems, with anterior insula (aI) showing functional connectivity with ACC and MCC, and 

mid/posterior insula (m/pI) being connected with only the MCC. The authors suggested that the 

former network is involved in emotional salience monitoring, whereas the latter serves general 

environmental monitoring, response selection, and skeletomotor body orientation. Since we 

found increased engagement of both, the aI and pI, the observed pI-MCC activation suggests 

inhibition of motor initiation by the observer, necessitated by observer-conveniently located 

COs. 

Finally, due to its role in autonomic control, interoceptive awareness (Critchley, Wiens, 

Rotshtein, Ohman, & Dolan, 2004), and distinguishing the self from others (Farrer & Frith, 

2002; Farrer et al., 2003; Newman-Norlund et al., 2007), we hypothesized the insula to be 

significantly activated for observer-convenient located COs. This was indeed the case. Thus, 

we take (anterior) insular engagement as an indication for an involvement of the observer in 

the present scene. We argue that the more comfortable the CO's location concerning the 

observer’s potential action, the stronger their involvement apparent by the CO's afforded 

additional action possibilities. In support of our line of argumentation, Ruby & Decety (2001) 

found a comparable pattern of activation including inferior parietal, SMA, aI, precentral gyrus 

in the left hemisphere, and right cerebellum when participants simulated an action for 

themselves (first-person perspective) in a task where they either had to mentally simulate an 

action performed by themselves or by another individual.  

Interestingly, we only found significant brain responses for reachability-by-observer, but no 

such effects for the shared action space. This finding is particularly interesting against the 
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backdrop of the precursor study where we found, based on an analysis of the same data set, that 

COs are preferably processed when they are semantically related to the observed action and, 

crucially, when they are located close and right to the observed actor, that is, in the preferred 

actor space (El-Sourani et al., 2018). Together with these findings, the present results show 

more specifically that observers perceive not only the spatial and goal-relation between the CO 

and the observed action but at the same time also their action options at the level of COs' 

reachability. Thus, observers appear to separate the table into two operational spaces: one for 

the actor (El-Sourani et al., 2018) and one for the observer. Thereby, it seems as if objects in 

the shared action space are neither processed concerning the actor nor the observer. Future 

studies are warranted that explicitly investigate potential representations of a shared action 

space for joint actions of an observed actor and the observer.  

We acknowledge that our results might be specific to the present paradigm and its contextual 

constraints and, thus, may not be generalizable to all 3pp action observation paradigms. Only 

by the introduction of COs, it was possible to account for observer-referenced processing. We 

propose that action observers carried their own action possibilities into the observed scene as 

their task was to watch and understand the observed action. However, we cannot completely 

rule out the possibility that the present results can solely be traced to the CO’s location 

convenience, independent of the observed action. Thus, future studies are required to 

investigate whether the observed action in addition to the contextual object is necessary to elicit 

the brain activations elicited.  

In sum, the current findings suggest that depending on an observed action’s context, e.g., 

unused objects in the scene, action observers carry their action options into an observed 

scene. While previous analyses of the same data set showed that observers processed the 

COs with reference to the actor and the observed action (El-Sourani et al., 2018), the present 

study revealed that action observers simultaneously processed COs regarding their own 

action space and action possibilities. 

 

5. Conclusion 

 

Our study assessed the potential involvement of observer-referenced processing in a 3pp action 

observation paradigm. Results point out that the contextual setting of an observed action can 

trigger the involvement of the observer’s referenced perspective. Thereby, observers appear to 

be furnished with their action options triggered by objects located within the observer’s 

potential action space.  
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Abstract: 

The processing of congruent stimuli, such as an object or action in its typical location, is usually 

associated with reduced neural activity, probably due to facilitated recognition. However, in 

some situations, congruency increases neural activity, e.g., when objects next to observed 

actions are likely vs unlikely to be involved in forthcoming action steps. Here, we investigated 

using fMRI whether the processing of contextual cues during action perception is driven by 

their (in-)congruency and, thus, informative value to make sense of an observed scene. 

Specifically, we tested whether both highly congruent contextual objects (COs), which strongly 

indicate a future action step, and highly incongruent COs, which require updating predictions 

about possible forthcoming action steps, provide more anticipatory information about the action 

course than moderately congruent COs. In line with our hypothesis that especially the inferior 

frontal gyrus (IFG) subserves the integration of the additional information into the predictive 

model of the action, we found highly congruent and incongruent COs to increase bilateral 

activity in action observation nodes, i.e., the IFG, the occipitotemporal cortex (OTC), and the 

intraparietal sulcus (IPS). Intriguingly, Brodmann Area 47 was significantly stronger engaged 

for incongruent COs reflecting updating of prediction in response to conflicting information. 

Our findings imply that the IFG reflects the informative impact of COs on observed actions, by 

using contextual information to supply and update the currently operating predictive model. In 

the case of an incongruent CO, this model has to be reconsidered and extended towards a new 

overarching action goal. 
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1. Introduction 

 

In daily life, it is essential to understand what people around us are doing, that is, to predict the 

goal they currently pursue (cf. van Overwalle & Beatens, 2009; Caspers, Zilles, Laird, & 

Eickhoff, 2010). To this end, action observers can exploit various sources of information, 

including not only moving body parts (i.e., manipulation movements) and manipulated objects, 

but also various contextual factors, such as the room (Wurm & Schubotz, 2012), the actor 

(Hrkać, Wurm, & Schubotz, 2014), additional objects in a scene (contextual objects, COs; El-

Sourani, Wurm, Trempler, Fink, & Schubotz, 2018), and spatial relations between objects and 

agents. While the influence of contextual information on object recognition has been intensively 

investigated (Bar, 2004; Boyce, Pollatsek, & Rayner, 1989; Hayes, Nadel, & Ryan, 2007; 

Zimmermann, Schnier, & Lappe, 2010; Barenholtz, 2014), its impact on action understanding 

has so far been addressed by only a few studies. The results of these studies suggest that 

participants process contextual information spontaneously, i.e., without task requirements: 

while participants need longer to recognize an action when it takes place in an incompatible vs 

a compatible or a neutral room (Wurm & Schubotz, 2012), action-compatible room information 

can help when actions are difficult to recognize, leading to increased recognition accuracy 

(Wurm & Schubotz, 2017). Moreover, brain activation during action recognition suggested 

interference effects of action-incompatible contexts rather than facilitation effects of action-

compatible contexts (Hrkać et al., 2014; Wurm & Schubotz, 2012). For example, when the 

manipulated object does not fit room and manipulation, or when the manipulation does not fit 

object and room, neural activity increased in brain regions associated with object and 

manipulation processing, respectively (Wurm, von Cramon, & Schubotz, 2012). In particular, 

the inferior frontal gyrus (IFG) has been frequently linked to action-incompatible information 

processing, for instance when actions took place in incompatible rooms (Wurm & Schubotz, 

2012). Also, an increase in IFG activity was found when participants observed an actor 

performing actions that did not match their current goal, supposedly reflecting attempts to 

integrate incoherent action steps into a common goal (Hrkać et al., 2014). So far, the 

involvement of the IFG underlines its central role in the integration of contextual information 

during action perception (Badre & Wagner, 2007; Kilner, 2011), and, from a broader 

perspective, its role in effortful contextual integration in different cognitive domains, including 

language (Poldrack et al., 1998; Smirnov et al., 2014; van Schie, Toni, & Bekkering, 2006). 

These findings indicate that different types of contextual information may impact on the 

processing of observed actions. 
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In a recent fMRI study (El-Sourani et al., 2018), we focused on contextual objects (COs), which 

are part of an observed action scene, yet not part of the action itself. By modulating the semantic 

relation (Goal Affinity) as well as the spatial relation (Location Ergonomics) of the CO to the 

observed action, we investigated under which conditions such task-irrelevant objects modulate 

an action observer's brain activity. We argued that such effects may reflect attempts to 

incorporate these COs into an internal model of the observed action in order to anticipate an 

overarching action goal. Functional MRI results confirmed that COs are processed during 

action observation, even though the participants' attention was tied to the observed action and 

considering the COs was not necessary to identify the action at hand. Contrary to the previously 

observed interference effects for action-incompatible information, for instance, an action-

incompatible room (Wurm & Schubotz, 2012), we found significant engagement of brain areas 

associated with object-related action representation when COs were highly compatible with the 

observed action, e.g., a frying pan next to cracking an egg. Specifically, Brodmann Area (BA) 

44 and BA 45 of the IFG showed increased activation when the location of the CO and its 

semantic relation to the observed action strongly implied its use in (immediately) upcoming 

action steps (El-Sourani et al., 2018). This apparent discrepancy of brain activation in response 

to manipulating congruency may be explained by the different operationalization of context-

action incompatibility in the different studies, and point towards a more specific interpretation 

of the IFG's function in action observation. For example, Wurm and Schubotz (2012) 

investigated the effect of compatibility and incompatibility of room information on action 

perception (e.g., squeezing lemons in the bathroom). By contrast, in El-Sourani et al. (2018) 

the observed action (e.g., cracking an egg) was generally compatible with the room information 

implied by the CO but was more or less associated with the CO itself (frying pan vs wine 

opener). Hence, no strong conflict was induced by lowly congruent COs, suggesting that this 

object category was processed as part of the room, or room category, rather than concerning a 

potential usage by the actor. As we are used to be surrounded by room-compatible objects with 

low congruency to our currently performed action, such lowly congruent COs can usually be 

ignored. In contrast, COs with a high congruence (e.g., a frying pan) are probably perceived as 

comparatively highly informative (and thus relevant) for action observers in such a way that a 

specific overarching action goal (e.g., preparing scrambled eggs) can be inferred. Importantly, 

a similar degree of informativeness and thus relevance conceivably also applies to highly 

incongruent contextual information, as mismatches between the observed action and contextual 

information signal the need to reconsider the action’s anticipated outcome (cf. Wurm & 
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Schubotz, 2012; Hrkać et al., 2015). In this case, the current predictive model of the observed 

action should be revised (cf. Kilner, Friston, & Frith, 2007; Kilner, 2011). 

Extending upon these findings, the present fMRI study aimed at investigating if COs that 

neither match the current action nor the belonging room category exert a substantial impact on 

action observation. More specifically, when COs point to actions associated with a different 

room category, they should generate a real conflict for, and hence complicate, goal inference.  

To test this assumption, participants watched action videos containing COs that varied with 

regard to three levels of the factor goal affinity: they either matched the currently observed 

action and the contextual background (i.e., highly congruent CO), only the contextual 

background but not the action (i.e., lowly congruent CO), or neither the contextual background 

nor the action (i.e., incongruent CO). To replicate previous findings, we also implemented the 

factor LOCATION ERGONOMICS, with varying positions of the COs on the table on which the 

action was performed (cf. El-Sourani et al., 2018).  

We hypothesized that particularly high compatibility between an observed action and its 

context (highly congruent COs) as well as particularly high action-context incompatibility 

(incongruent COs) both provide rich information regarding potentially upcoming next action 

steps. Therefore, we expected brain activity to initially reflect an in-depth processing of these 

two object categories, demonstrated by an assumed overlap of neural activity elicited by highly 

congruent and incongruent COs, as compared to lowly congruent COs. Based on previous 

findings, this effect was expected to be reflected in brain areas linked to object-related action 

representations, especially the occipito-temporal cortex (OTC; Wigget & Downing, 2011) and 

the inferior parietal lobule (IPL; Buxbaum & Kalénine, 2010; Schubotz, Wurm, Wittmann, & 

von Cramon, 2014), as the perception of an object can already imply its manipulation and action 

(Buxbaum, Kyle, Tang, & Detre, 2006; Johnson-Frey, 2004; Schubotz et al., 2014). We 

particularly focused on the IFG due to its role in the retrieval and integration of action-relevant 

semantic information (Casper et al., 2010; Badre & Wagner, 2007). As outlined above, we 

argue that previous findings can be reconciled if the IFG not simply reflects integration attempts 

but rather signals how informative a contextual object is concerning an observed action's 

anticipated outcome. If so, IFG activity should be low for COs with a low congruence to the 

observed action, but high for action scenes with (a) COs that are highly congruent to the 

observed action, and (b) COs that neither match the observed action nor the room category 

(incongruent COs) in which the action is observed. More specifically, within the IFG, BA 44 

is suggested to be involved in structuring sequences to realize particular outcomes (Fiebach & 

Schubotz, 2006; Grafman, 2002) thereby potentially supporting the anticipation of upcoming 
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action steps during action perception (Csibra, 2007; Fagg & Arbib, 1998; Friston, Mattout, & 

Kilner, 2011; Schubotz & von Cramon, 2009). While BA 45 activation supports the selection 

among competitively activated semantic representations (Badre, Poldrack, Pare-Blagoev, 

Insler, & Wagner, 2005; Gold et al., 2006; Moss et al., 2005), BA 47 is suggested to be involved 

in top-down semantic retrieval of goal-relevant knowledge (e.g., when participants are asked to 

think of unusual functions of an object (Kröger et al., 2012). Hence, we expected BA 44 and 

45 to be engaged to a similar degree for both highly congruent COs and incongruent COs, 

whereas BA 47 might be stronger engaged by incongruent COs as compared to highly 

congruent COs.  
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2. Materials and Methods 

 

2.1 Participants 

Thirty-five right-handed subjects (20 females; 24,6±3.1 years old; range, 19-30 years) with 

normal or corrected-to-normal vision participated in the study. Three of these participants were 

excluded due to either poor performance or strong head motion (more than 3mm between two 

scans). None of the remaining thirty-two participants reported a history of medical, 

neurological/psychiatric disorders or substance abuse. The study protocol was conducted 

following the ethical standards of the Declaration of Helsinki and approved by the local Ethics 

Committee of the University of Münster. Each subject submitted a signed informed consent 

before they participated in the study. Afterwards, participants either received course credits or 

reimbursement. 

 
Figure 1. Example stimuli for implementing the three factor levels for goal affinity of COs, depicted for two 

different actions (punching and writing). Red dots refer to possible CO locations on the table (Location 

Ergonomics). 

 

2.2 Stimuli 

Stimuli were presented using Presentation 18.1 (Neurobehavioral Systems, San Francisco, CA, 

USA). In total, participants were shown 360 action videos (action trials). Action trials were 

intermixed with 72 questions trials (20%), i.e., written action descriptions that referred to these 
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actions (see 2.3 Task). Action and question trials had a duration of 6s and consisted of either an 

action video (3s) or a question (3s), followed by a fixation phase (3s). A variable jitter (500, 

1000, 1500 ms) was included after the fixation phase in order to enhance the temporal resolution 

of the BOLD response. Finally, in 5% of the trials, a null event (fixation cross) was 

implemented (6s). 

All action videos were performed by the same actress throughout the experiment and were 

filmed from a third person perspective (3pp). 72 actions were used. Each of the actions was 

performed in its typical setting that was either a kitchen (39 actions) or an office (33 actions), 

i.e., action and contextual background were always compatible (cf. El-Sourani et al. 2018). 

Each action video depicted a single object-directed action with two target objects. Out of the 

360 action videos, 288 contained an additional contextual object (CO) that was positioned in 

front of the actress on the table (Figure 2). In a pilot study (N = 24), action videos with and 

without a CO were tested for their recognizability, and only those actions and COs were 

employed that were recognized by all participants.  

COs varied according to two experimental factors: GOAL AFFINITY (GA), i.e., the semantic 

relation of the CO to the observed action, and LOCATION ERGONOMICS, i.e., the spatial relation 

of the CO to the observed action. Note that the latter factor was not relevant for testing the 

hypotheses of the present study, but was employed to replicate findings from the precursor 

study (El-Sourani et al., 2018). The factor GOAL AFFINITY had three levels: 

1. Highly congruent CO (GAhigh), depicting COs that are compatible with the contextual 

background and the action, 

2. Lowly congruent CO (GAlow), depicting COs that are compatible with the contextual 

background but not the action, 

3. Incongruent CO (GAno), depicting COs that are neither compatible with the contextual 

background nor with the action.  

Goal affinity was initially quantified based on subjective ratings of a large sample (N = 500) of 

students, in which participants had to rate the associative strength of objects (N = 144) and 

actions (N = 72). Based on this pilot data, objects were assigned to four different levels of goal 

affinity ranging from “very low associated” to “very high associated”. Subsequently, COs of 

level one (“very low associated”) and level two (“rather low associated”) were merged to form 

the level lowly congruent CO in the present study, whereas level three (“rather high associated”) 

and level four (“very high associated”) were merged to form the level highly congruent CO, 

corresponding to the categories of our previous study (El-Sourani et al., 2018). 
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To determine incongruent COs, we conducted a further pilot study, where COs belonging to 

the one contextual background (kitchen) were tested for their probability of occurrence in the 

other contextual background (office), and vice versa. Twenty-four right-handed participants 

rated on a 6-Point Likert scale how strongly the presented CO (e.g., rolling pin) fitted into the 

other room category (e.g., office). Objects creating the biggest mismatch according to these 

pilot data were chosen for the level incongruent CO. 

As in our previous study (El-Sourani et al., 2018), the factor LOCATION ERGONOMICS was 

implemented by varying the locations of the CO on the table, corresponding to close-right (cr), 

close-left (cl), far-right (fr) and far-left (fl) concerning the action site (Figure 1). 

Subsequently, each of the 72 actions was paired (using Adobe Premiere Pro CS, Adobe 

Photoshop and/or Matlab) with two COs of two different goal affinity levels. This ensured a 

balanced distribution of the GOAL AFFINITY levels, that is, videos containing a contextual object 

were arranged in a way that all goal affinity levels at all 12 positions occurred in an evenly 

distributed number (12 positions x 3 goal affinity levels x 8 occurrences = 288 action videos 

with a contextual object). In addition, each action was once seen without a contextual object, 

resulting in a total of 360 action videos. 

Resulting videos were presented in a pseudo-randomized fashion by avoiding direct repetition 

of the presented action, the goal affinity, and the location of the CO. Levels of both factors were 

presented in an evenly distributed manner. 
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Figure 2. Schematic diagram of the task. Action trials consisted of an action video (3s) and a fixation phase (3s). 

Question trials consisted of a question regarding the previous video trial (n-1), followed by a response and fixation 

phase. Retrieved from El-Sourani et al. (2018) and partly modified.  

 

2.3 Task 

To keep the participants’ attention focused on the videos, we asked them to watch the video 

clips attentively and to respond to the action description (20%) that either referred to the content 

of the preceding video (50%) or not (50%). Participants had to either accept or reject the action 

description using a two-button response box.  

 

2.4 fMRI Image Acquisition 

Imaging was performed on a 3 Tesla Siemens Magnetom Prisma MR tomograph using a 

20channel head coil. Participants were located in a supine position on the scanner bed with their 

right index and middle fingers positioned on the appropriate response buttons of the response 

box. To minimize head and arm movements, head and arms were tightly fixated with form-

fitting cushions. Furthermore, participants were provided with earplugs and headphones to 

attenuate the scanner noise. Whole-brain functional images were acquired using a gradient T2*-

weighted single-shot echo-planar imaging (EPI) sequence sensitive to blood oxygenation level 

dependent (BOLD) contrast (64 x 64 data acquisition matrix, 192 mm field of view, 90° flip 

angle, TR = 2000 ms, TE = 30 ms). Each volume consisted of 33 adjacent axial slices with a 

slice thickness of 3 mm and a gap of 1 mm, which resulted in a voxel size of 3 x 3 x 4 mm. 
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Images were acquired in interleaved order along the AC-PC plane to provide whole-brain 

coverage. After functional imaging, structural data were acquired for each participant using a 

standard Siemens 3D T1-weighted MPRAGE sequence for detailed reconstruction of anatomy 

with isotropic voxels (1 x 1 x 1 mm) in a 256 mm field of view (256 x 256 matrix, 192 slices, 

TR = 2130, TE = 2.28). 

For stimuli presentation, a 45° mirror was fixated on the top of the head coil. A video-projector 

projected the experiment on a screen that was positioned behind the participant’s head so that 

they could see the stimuli via the mirror. The mirror was adjusted for each participant to provide 

a perfect view (center of the visual field). In a pilot study, we controlled for recognizability of 

actions and contextual objects using the final video selection. Only action videos in which the 

action and the contextual object could be identified by at least 95% of the participants were 

employed. 

 

2.5 fMRI Data Analysis 

2.5.1 fMRI data preprocessing 

Brain image preprocessing and basic statistical analyses were conducted using SPM12 

(Wellcome Department of Imaging Neuroscience, London, 

UK; www.fil.ion.ucl.ac.uk/spm/software/spm12/). Functional images were slice-timed to the 

middle slice to correct for differences in slice acquisition time. To correct for three-dimensional 

motion, individual functional MR (EPI) images were realigned to the mean EPI image and 

further motion correction estimates were inspected visually. The anatomical scan was co-

registered (rigid body transformation) to the mean functional image. Each subject’s co-

registered anatomical scan was segmented into native space tissue components. The parameters 

obtained were applied to normalize the subject’s functional scans to the template brain MNI 

space. Finally, the normalized images were spatially smoothed using a Gaussian kernel of 

8mm3 full width at half-maximum (FWHM). A 128 s temporal high-pass filter was applied to 

the data to remove low-frequency noise. 

 

2.5.2 Design specification 

The statistical evaluation was based on a least-squares estimation using the general linear model 

(GLM) for serially autocorrelated observations (Friston et al., 1995; Worsley & Friston, 1995). 

The design matrix was generated with delta functions and convolved with a canonical 

hemodynamic response function. The subject-specific six rigid-body transformations obtained 

from residual motion correction were included as covariates of no interest. Activations were 
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analyzed time-locked to the onset of the videos and the analyzed epoch comprised the full 

duration (3s) of the presented videos and the reaction time in question trials (max. 3s). In order 

to make results as comparable as possible between the current study and our previous study 

(El-Sourani et al., 2018), we aimed at having a similar design regarding our regressors. 

Therefore, our GLM contained 15 regressors in total: 12 predictors for the experimental 

conditions, one predictor for videos without a contextual object (noCO), one including all the 

null events (6s fixation phase), and one predictor for question trials. The 12 experimental 

regressors were assigned to the level combination of the factor LOCATION ERGONOMICS (close-

right, close-left, far-right, and far-left) as well as the factor GOAL AFFINITY (highly congruent, 

lowly congruent, incongruent). To test for the effects of the factor GOAL AFFINITY, lowly 

congruent COs served as a control condition. Thus, to test for the effect of incongruent COs, 

all predictors containing incongruent COs were contrasted with all predictors containing lowly 

congruent COs (GAno > GAlow) on a first level GLM. We contrasted highly congruent CO 

regressors with lowly congruent CO regressors (GAhigh > GAlow) to replicate the main effect of 

GOAL AFFINITY as found in El-Sourani et al. (2018).  

 

2.5.3 Group analysis  

To obtain group statistics, the resulting contrast images of all participants for our contrasts of 

interests (GAhigh > GAlow; GAno > GAlow; GAno > GAhigh) were entered into a second-level 

random-effects analysis using a one-sample t-test across participants to test for significant 

deviations from zero. Subsequently, we corrected for multiple comparisons using the false 

discovery rate (FDR) method with p < 0.01. Significant activation maps were superimposed on 

a ch2better.nii.gz atlas using MRIcron software (https://www.nitrc.org/projects/mricron). 

 

2.5.4 ROI analysis 

To test whether different areas of the IFG are differentially modulated by the compatibility of 

the contextual information, we performed a ROI analysis of the contrasts of interest (GAhigh > 

GAlow; GAno > GAlow). Thus, lowly congruent COs served as baseline. Anatomical masks of 

left and right IFG were defined according to the automated anatomical labeling (AAL) atlas, 

implemented in SPM12 (Mazoyer & Joliot, 2002). To this end, we extracted mean beta scores 

per ROI and entered them into two-sided one-sample t-tests. Note that we aggregated beta 

values across hemispheres, as we did not hypothesize differential activation patterns regarding 

left and right IFG. To specifically test for a difference between incongruent and highly 



3.3 Research Articles: Study 3 

85 
 

 

congruent COs regarding the different IFG areas (pars opercularis (BA 44), pars triangularis 

(BA 45), pars orbitalis (BA 47)), we performed one-sided paired-sample t-tests. 
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3. Results 

 

3.1. Behavioral results 

The performance was assessed by error rates and reaction times (of correctly answered trials). 

The average response time was 1257.69 ± 39ms, and the average error rate was low (2.47 ± 

1.14%) indicating that participants attentively observed and recognized the actions. 

 

3.2. fMRI results 

3.2.1 Highly congruent COs (GAhigh > GAlow) 

To test for the effect of highly congruent COs, we contrasted action videos containing highly 

congruent COs with lowly congruent COs, irrespective of their location on the table. Largely 

replicating previous findings (El-Sourani et al. 2018), highly congruent COs increased activity 

in the posterior parietal cortex (PPC) and the OTC (posterior temporal gyrus (pMTG), fusiform 

gyrus, and the lateral occipital complex (LOC)) bilaterally. Also, the right middle and superior 

frontal gyri were significantly activated (Figure 3). In contrast to our previous study, where we 

found an increase of IFG activity for highly congruent objects only when they were positioned 

close and to the right of the actress, the IFG here now became significantly activated 

independently of the position of the CO on the table (cf. Figure 3). The reverse contrast did not 

reveal any significant activation patterns after FDR-correction.

Figure 3. Brain activations for highly congruent vs lowly congruent COs (GAhigh > GAlow), FDR corrected at p < 

0.01. 
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Table 1. fMRI activations for highly congruent COs (GAhigh > GAlow) 

   MNI Coordinates  

Region Hemisphere BA x y z t-scores 

Inferior/middle occipital gyrus l 18/19 -39 -70 -4 6.25 

 r  33 -82 5 5.04 

Fusiform gyrus l 37 -33 -58 -18 5.01 

 r  36 -61 -16 5.22 

MTG /ITG l 19 -51 -64 5 4.38 

 r  41 -64 5 4.71 

PMv l 6 -54 5 41 4.61 

 r  60 11 35 5.91 

IFG (pars opercularis) l 44 -60 11 9 4.13 

 r  60 17 20 5.58 

IPL /IPS l 7 -30 -46 53 4.35 

 r  37 -49 56 4.64 

SPL/IPS l 7 -27 -49 68 4.59 

 r  33 -49 60 5.38 

Supramarginal gyrus l 40 -60 -22 41 4.99 

 r  54 -24 39 4.68 

Postcentral gyrus l  -36 -40 65 4.63 

Precuneus l 7 -9 -52 74 4.13 

Superior medial frontal gyrus l 9 -3 56 29 4.97 

Superior frontal gyrus r 10 32 54 11 4.29 

Middle frontal gyrus r 9 45 32 23 4.43 

Cerebellum r - 18 -55 -43 4.94 

r, right; l, left; x, y, z, MNI coordinates of peak voxel activation; MTG, middle temporal gyrus, ITG, inferior temporal gyrus; 

PMv, ventral premotor cortex; IFG, inferior frontal gyrus; IPL, inferior parietal lobule; SPL, superior parietal lobule; p < 0.01 

FDR-corrected for multiple comparisons. *extending into left IFG (BA 44). 

 

3.2.2 Incongruent COs (GAno > GAlow) 

Incongruent versus lowly congruent COs yielded significantly increased activation in the 

bilateral anterior dorsal insula, ACC, SMA and IFG (BA47). Moreover, we found a significant 

engagement of the left PPC, OTC as well as the right middle and superior frontal gyri (Figure 

4A). As expected, brain areas partly overlapped with those engaged for highly congruent COs 

(Figure 4B). Again, the reverse contrast did not reveal any significant activation patterns after 

applying FDR-correction. Finally, directly contrasting incongruent COs with highly congruent 

COs did not reveal any significant whole-brain effects after FDR-correction. 
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Figure 4. a) depicts brain activation patterns for incongruent COs, FDR corrected at p < 0.01. b) shows an overlay 

of activations for highly congruent (red) and incongruent COs (green). Activations of both object categories 

overlap in the IPL and OTC as well as in the right PMv and right IFG. 

 

Table 2. fMRI activations for incongruent COs (GAno > GAlow) 

   MNI Coordinates  

Region Hemisphere BA X y z t-scores 

Inferior/middle occipital gyrus l 19 -45 -73 -10 5.65 

Fusiform gyrus l 37 -30 -52 -19 5.78 

 r  33 -58 -19 4.5 

MTG/ITG l 37 -51 -61 -4 4.51 

 r  52 -58 -5 4.71 

IPL/ IPS l 40 -54 -25 38 4.91 

  7 -33 -52 55 4.35 

SPL/ IPS l 7 -28 -49 68 4.67 

Supramarginal gyrus /Postcentral gyrus l 40/1 -51 -25 38 5.17 

 r  54 24 41 5.27 

Insula l 13 -30 17 -7 4.99 

 r  42 23 -7 7.44 

SMA l 6 -3 20 66 4.71 
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 r  3 20 65 5.46 

ACC/MCC l 24/32 -3 11 23 4.16 

 r  5 40 31 4.87 

PMv r 6 57 11 35 6.59 

IFG (pars opercularis) r 44 60 14 26 5.85 

IFG (pars orbitalis) l 47 -54 -25 38 5.09 

 r  47 23 -4 5.62 

Superior medial frontal gyrus l 8 -2 34 51 5.27 

 r 8 3 35 50 6.81 

Superior frontal gyrus r 10 30 47 9 4.79 

Middle frontal gyrus r 46 27 56 23 6.10 

* r 9 42 35 30 6.00 

Cerebellum l  -38 -72 -22 4.73 

r, right; l, left; x, y, z, MNI coordinates of peak voxel activation; MTG, middle temporal gyrus, ITG, inferior temporal gyrus, 

PMv, ventral premotor cortex; IFG, inferior frontal gyrus; IPL, inferior parietal lobule; SPL, superior parietal lobule; SMA, 

supplementary motor area; IPS, intraparietal sulcus; ACC, Anterior cingulate cortex; MCC, middle cingulate cortex; p < 0.01 

FDR-corrected for multiple comparisons; * extending into IFG (pars triangularis; BA45).  
 

3.2.3 ROI analysis of CO congruency effects in the IFG  

To assess a putative differential contribution of different sub-regions of the IFG to the 

processing of incompatible vs highly compatible contextual information, we performed ROI 

analyses of the pars opercularis, pars triangularis and pars orbitalis roughly corresponding to 

BA 44, 45 and 47, respectively (Figure 5). We extracted beta values for highly congruent COs 

(GAhigh > GAlow) and incongruent COs (GAno > GAlow). As we did not hypothesize differences 

in activation between left and right IFG we aggregated beta values of both hemispheres. One 

sample t-tests revealed significant activations for all conditions of interest (GAhigh, GAno) as 

compared to baseline (GAlow) (Figure 5). Finally, one-sided paired sample t-tests revealed a 

significant difference between incongruent and highly congruent COs in BA 47 (t(63)= 2.479; p 

< 0.01).  
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Figure 5. ROI analysis of IFG sub-regions according to the AAL atlas. Applied masks are illustrated in blue, red, 

and green for BA 44, 45, and 47, respectively. Corresponding beta values for highly incongruent versus lowly 

congruent COs are depicted in full colored bars, whereas beta values for incongruent COs versus lowly congruent 

COs are depicted in striped colored bars. Beta values for right and left were aggregated. The two conditions 

significantly differed from zero in all sub-regions of the IFG. Regarding BA 47 (pars orbitalis), paired sample t-

tests revealed a significant increase of activation for incongruent as compared to highly congruent COs. None of 

the other pairwise comparisons revealed a significant difference. * corresponds to a significance level of p < 0.05 

and ** to a significance level of p < 0.01. 
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4. Discussion  

 

When we observe others' actions, specific brain regions are involved in integrating this action 

with contextual information to enable the inference of action goals. This contextual information 

includes not only the environment and the actor but as recently found also unused objects 

nearby (El-Sourani et al., 2018). In the current study, we aimed to better understand the 

processes underlying the latter effect. Specifically, we tested the assumption that the brain's 

engagement in processing contextual objects (CO) is not driven by the COs congruency or 

incongruency to the observed action, but rather to the CO's potential to inform expectations 

towards upcoming action steps. 

Relative to COs with a low congruency to the observed action, both highly congruent and 

entirely incongruent COs were accompanied by increased brain activation at several action 

observation network (AON) sites, amongst these, as hypothesized, the OTC and the PPC 

(especially the IPS). The same effect was found for the IFG, the area we focused on due to its 

well-established role in the processing of semantic information. Interestingly, BA 47 of the IFG 

was especially engaged in the processing of incongruent COs.  

 

These findings support the view that when observing an action, the brain is particularly tuned 

to highly informative context. Contextual information may exert its impact via probabilistic 

associative knowledge about rooms, in which certain classes of actions are frequently observed 

(Wurm & Schubotz, 2012), or about objects that are frequently used in the same sequence of 

actions (El-Sourani et al., 2018). In support of the latter assumption, posterior AON areas 

associating objects with actions, including the OTC (Grill-Spector, Kourtzi, & Kanwisher, 

2001; Wigget & Downing, 2011) and the IPS (Creem-Regehr, 2009; Grefkes & Fink, 2005; 

Singh-Curry & Husain, 2009; Ramsey, Cross, & Hamilton, 2011), were significantly more 

active for both highly congruent and incongruent COs as compared to lowly congruent COs. 

Moreover, processing incongruent COs engaged a set of brain areas related to conflict and error 

processing: the ACC (Botvinick, Cohen, & Carter, 2004) and the anterior insula (Klein, 

Ullspenger, & Danielmeier, 2013). More precisely, these areas have been suggested to operate 

as a (response) inhibition network (Kana, Keller, Minshew, & Just, 2007, see also Botvinick, 

Braver, Barch, Carter, & Cohen, 2001; Hoffstadter et al., 2014), indicating that the processing 

of this object category also entailed processing its conflict to the observed action. Put into 

broader context, the efficient processing of an observed action scene includes the selection of 

sensory input that is crucial for informing the expectation of potential outcomes of the observed 
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action (cf. Csibra, 2007; Kilner et al., 2007), irrespective of whether the information fits or 

contradicts the action.  

 

The current study focused particularly on BOLD effects in the IFG, which is known for its role 

in retrieval and integration of semantic information (Caspers et al., 2010; Kilner, 2011). We 

here aimed to extend this role and hypothesized that the IFG is sensitive to the informative 

impact of COs concerning a potential refinement of expectations of action outcomes. As 

expected, ROI analyses revealed significant engagement of all IFG compartments - BA 44, BA 

45 and BA 47 - for both incongruent and highly congruent COs as compared to lowly congruent 

COs. The three sub-regions of the IFG have been associated with different functions across 

different domains, including language (cf. Bookheimer, 2002; Liakakis, Nickel, & Seitz, 2011), 

emotion processing (Carr, Iacoboni, Dubeau, Mazzioatta, & Lenzi, 2003; Seitz et al., 2008), 

and creativity (Kröger et al., 2012). According to different accounts regarding the IFG function, 

(Koechlin & Summerfield, 2007; Udden & Bahlmann, 2012; Badre & Wagner, 2007), the IFG 

is hierarchically organized in a functional stepwise gradient along the rostro-caudal axis, where 

top-down control is exerted from anterior to posterior regions (Koechlin, Ody, & Kouneiher, 

2003). In specific reference to action observation, the more posterior the area the more it is 

suggested to contribute to constraining the immediate action requirements or options. More 

anterior sites, in turn, are more content-independent and associated with high-level goals 

(Badre, Poldrack, Pare-Blagoev, Insler, & Wagner, 2005; Badre & D'Esposito, 2009; cf. 

Buckner, 2003). More specifically, BA 44 (together with premotor regions) supports structured 

sequence processing (cf. Udden & Bahlman, 2012) in order to realize a particular outcome 

(Fiebach & Schubotz, 2006; Grafman, 2002). Regarding BA 45 and 47, Badre and Wagner 

(2007) associated strategic memory retrieval with BA 47 and post-retrieval selection among 

competing memories with BA 45. While semantic retrieval is necessary when bottom-up cues 

are not sufficient to activate goal-relevant information, post-retrieval selection is necessary to 

resolve the competition between simultaneously activated memory representations (e.g., 

grasping to clean vs grasping to drink).  

The assumed functions of the IFG compartments concur with the activation pattern observed in 

our current study: incorporating relevant CO information into an observed action scene in order 

to anticipate its outcome draws on all IFG sub-regions. However, while BA 44 and 45 were 

recruited to an equivalent degree by highly congruent and incongruent COs, BA 47 was 

significantly stronger engaged by incongruent COs. This underlines the ascribed function of 

the BA 47 in the controlled retrieval, i.e., a top-down process activating goal-relevant 
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knowledge especially in the face of contradicting representations. Thus, increased BA 47 in 

response to incongruent vs highly congruent COs can be explained by the increased demand to 

retrieve an action outcome when confronted with conflicting action-related information. More 

specifically, incorporating incongruent COs and the observed action under a common 

overarching goal requires a much higher level of abstraction, evoked by the associative strength 

of the CO to an incompatible room category and hence to actions associated with this room 

category. Importantly, the observed pattern of activation in the IFG does not simply reflect 

demands on integrating more or less compatible contextual information (here: contextual 

objects) in the observed action. In that case, one would see a parametric increase of IFG 

activation with increasing incongruence, i.e., lowest IFG engagement for highly congruent 

COs. Instead, the IFG rather appears to respond to contextual information that specifies and/or 

enriches the interpretation of an observed action and ignores contextual information that is less 

informative for action interpretation. 

Taken together, our findings imply that the brain considers the informative value of contextual 

objects when observing an action. More specifically, our results suggest that the neural activity 

of the IFG reflects the informational impact of COs on an observed action at several 

circumstances: either when the contextual information depicts a strong match so that the 

currently operating predictive model can be updated and specified towards a particular 

outcome; or when the contextual information reveals a strong conflict with the observed 

manipulation, in which case the currently operating predictive model has to be reconsidered 

and possibly extended towards a new overarching action goal. 
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4. General Discussion and Future Directions 

The present work investigated how contextual object (CO) information modulates 

action perception and interpretation. More specifically, I examined the neural mechanisms 

underlying the integration of COs in semantic and spatial relation to observed actions. Study 1 

tested whether action observers process COs with regard to the observed action. In Study 2, I 

considered whether, depending on the CO’s location, action observers also establish their own 

action space by perceiving COs not only with respect to the observed action but also with 

reference to themselves. Finally, by adding incongruent COs to the experimental manipulation, 

Study 3 examined whether the processing of COs is driven by their informative value to the 

observed action with regard to its potential outcome. In the following I will initially summarize 

and discuss findings of these studies with regard to i) general effects of the CO, ii) effects 

evoked by modulating the goal affinity of the CO and iii) effects evoked by modulating the 

location of the CO. Subsequently I will incorporate the findings of this thesis with the current 

state of research by proposing a model of action prediction in which the IFG selectively uses 

relevant contextual information to update currently operating predictive models. I will close 

this section by providing future directions. 

 

4.1. General effects of COs 

Study 1 revealed that COs are indeed processed by action observers, although no a priori 

attention was drawn towards them. More specifically, the presence of a CO was not even 

necessary to accomplish the task, i.e., naming the observed object manipulation. The mere 

presence of an additional object anywhere on the table increased activation in both the left IPS 

(Creem-Regehr, 2009; Grefkes & Fink, 2005; Singh-Curry & Husain, 2009; Ramsey, Cross, & 

Hamilton, 2011) and the fusiform gyrus (cf. Bar et al., 2001; Bar, 2004; Tyler et al., 2004). 
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These areas are known for visual, haptic and action-related object processing. I also found 

increased activation of the OPA: a scene-selective region that codes local elements in a scene 

(Kamps, Julian, Kubilius, Kanwisher, & Dilks, 2016; see also Malcolm et al., 2016). The 

question could be raised as to whether the increased neural activity for actions including a CO 

— compared to those which did not — might have solely been evoked by the additional visual 

information. In this case, however, activity should only have impacted activation in the (early) 

visual areas and not, for example, in the PPC: an area related to the visuomotor transformation 

of visually guided actions (cf. Section 1.4.1). In addition, as will be discussed in the upcoming 

sections, the goal affinity (Studies 1 and 3) and location (Studies 1 and 2) of COs were also 

processed by action observers, implying that action observers do indeed exploit the CO 

information of an observed action, beyond their mere visual information. In the following 

sections, the results and limitations of these studies are discussed in more detail. 

 

4.2 COs’ semantic relation (goal affinity) to the observed action 

Study 1 investigated if and how COs are processed by action observers. I employed COs 

that were either highly congruent or lowly congruent with the observed action and varied in 

their location on the table. The study revealed that highly congruent COs increased bilateral 

activity in AON nodes, i.e., the OTC and the IPS, but also in the precuneus and middle frontal 

gyri. This finding was interpreted in terms of enhanced action anticipation with regard to a 

specific overarching action goal, provided by the informative value of highly associated COs. 

When these highly matching COs were presented in the preferred action zone of the actor (close 

and to the right of the action site), an additional increase of IFG activation signified efforts to 

integrate the CO into potential upcoming action steps. On the contrary, lowly congruent COs 

did not reveal any significant activation patterns, despite their incompatibility with the observed 

action. However, as both highly congruent and lowly congruent COs were part of the same 
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room category as the observed action, it was suggested that lowly congruent COs were 

processed as part of the room but not with regard to their potential usage by the actor. These 

objects neither gave information about upcoming action steps to allow higher-level goal 

anticipation nor did they give rise to a strong conflict through their presence. Thus, they could 

be ignored with regard to further processing. In line with this argumentation, Wurm and 

Schubotz (2012) did not find a significant increase in IFG activation for actions occurring in 

compatible rooms as opposed to incompatible rooms. More specifically, here compatible room 

information (e.g., a kitchen) was operationalized by placing loosely related objects around the 

actor (e.g., a fridge, a kettle, a stove and a bottle of milk). Hence, the unspecific compatibility 

of lowly congruent COs in the present studies is very similar to that of the compatible room 

information in Wurm & Schubotz (2012). Following on from this, in Study 3, the goal affinity 

factor was extended by implementing incongruent COs. Incongruent COs neither match the 

observed action nor the corresponding room category, thereby posing a real conflict to the 

observed action scene. I aimed to investigate whether COs are processed as a function of their 

informative value to the observed action, rather than simply by either compatibility or 

incompatibility. The potential conflict that arises from the presence of incongruent COs could 

signal the need to reconsider the action’s anticipated outcome and hence also provide action 

observers with relevant information. Indeed, Study 3 revealed an increased activation of 

posterior AON sites (OTC and IPS) for both highly congruent and incongruent COs, compared 

to lowly congruent COs. The same effect was observed for the engagement of the IFG. 

Interestingly, BA 47 of the IFG was especially engaged for incongruent COs, accompanied by 

the activation of the anterior cingulate cortex (ACC) and the anterior dorsal insula.  

In the following subsections, I will discuss the findings for highly congruent and 

incongruent COs in more detail, before taking location ergonomics into closer consideration in 

Section 4.3. 
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4.2.1 Highly congruent COs 

Initially, the effect of highly congruent COs seems to contrast with previous findings on 

the impact of contextual information on neural activity (Wurm & Schubotz, 2012; Hrkać et al., 

2014; Hrkać et al., 2015; Wurm et al., 2014). These studies revealed either no increased 

activation or attenuation (Wurm et al., 2014) for compatible contextual information. However, 

this discrepancy can be resolved when looking at the studies more closely.17 In Wurm et al. 

(2014), participants watched videos of action steps that either amounted to an overarching 

action goal or did not, and were performed by either one or several actors. OTC and inferior 

frontal activation decreased as a function of the predictability of a long-term goal, i.e., a long-

term goal becomes more and more evident in the unfolding of an episode.  

In fact, action goal anticipation should trigger the activation of the predicted sensory 

consequences of an action (internal representation of subsequent action steps). In this sense, 

attenuation should not occur before the predicted action steps are actually perceived (cf. 

Waszak, Cardoso-Leite, & Hughes, 2012). While this was indeed the case in Wurm et al. 

(2014), in my studies the effect of COs on the processing of a single action step was investigated 

but no further action steps as part of an episode were presented.  

Highly congruent COs thus provided valuable meaning by potentially informing action 

observers about the upcoming action steps towards an overarching action goal and thus 

supporting action prediction (cf. Kilner, 2007) by triggering the corresponding action 

representations. However, these upcoming action steps were never observed by the participants, 

which might explain the increase as opposed to the attenuation of activation of the AON. In 

accordance with the PCT, the accurate prediction of upcoming action steps should suppress (or 

                                                
17 In the above Section 4.2, the difference in the operationalization of Wurm & Schubotz (2012) is described, 
explaining that it is the effect of lowly congruent COs and not that of highly congruent COs that is comparable to 
the compatibility effect of Wurm & Schubotz (2012). 
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attenuate) upcoming sensory input (Friston et al., 2011; Kilner et al., 2007). Following this line 

of argumentation, Iacoboni et al. (2005) found increased activation of the premotor and inferior 

frontal cortices, when a “reach and grasp” action was put into a meaningful context (“to clean” 

or “to drink”), but not when the action was observed against a plain background. Presumably, 

the additional congruent and meaningful information provided action observers with a higher-

level goal (cleaning, drinking), thereby not only activating the corresponding motor act of the 

observed action itself (grasping), but also activating additional motor acts to accomplish the 

higher-level goal, i.e., activating the motor representation of the corresponding action steps. 

The same logic could possibly apply to actions involving highly congruent COs in the present 

studies, which imply their upcoming usage and thus provide more anticipatory information for 

the inference of higher-level action goals. In a similar vein, Calvo-Merino and co-workers 

(2005) reported an almost identical network as was found for highly congruent COs in Study 

1, when expert dancers watched previously learned vs novel movements. These activations 

were suggested to surface a recall of acquired action representations, reflecting greater skills in 

anticipating these actions’ outcomes (cf. Aglioti, Cesari, Romani, & Urgesi, 2008). Finally, it 

is worth noting that the engagement of the dlPFC and precuneus, which accompanied the 

posterior AON activation in Study 1 for highly congruent COs, has been associated with i) 

anticipatory performance (Balser et al., 2014; Wurm et al., 2014) and ii) visuomotor imagery 

and action planning (Zhang & Chiang-Shan, 2012). Finally, I found increased IFG engagement 

(Study 1) when highly congruent COs were presented close to and on the right side of the actor: 

an area in which participants place objects they plan to use shortly. The IFG’s presumed core 

function during action observation is for the retrieval and integration of action-relevant 

semantic information (Caspers et al., 2010; Kilner, 2011), and the IFG has been consistently 

found to play a role in studies investigating the potential impact of contextual information on 

action observation and goal anticipation (Wurm et al., 2012; Wurm et al., 2014; Hrkać et al., 
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2014; Hrkać et al., 2015). I will discuss the role of the IFG in light of the presented studies in 

more detail in Section 4.4.2. 

Taken together, the findings for highly congruent vs lowly congruent COs imply that 

these COs provide meaningful information for action observers. They enable the anticipation 

of a specific overarching action goal by triggering (rather than facilitating) representations of 

corresponding and potentially imminent action steps. 

 

4.2.2 Incongruent COs  

In Study 3, incongruent COs were included in the experimental manipulation. The 

increased pattern of activation for incongruent as opposed to lowly congruent COs is in good 

accordance with previous studies on the impact of contextual information on action observation 

(Wurm & Schubotz, 2012; Hrkać et al., 2014; Hrkać et al., 2015). In all of these studies, the 

processing of incompatible contextual information was interpreted as an attempt to integrate 

the conflicting information under a common overarching goal, entailing a reconsideration of 

the currently predicted action outcome. Engagement of brain regions included areas related to 

the specific stimulus category (e.g., the OTC and IPS in Study 3 of the present studies), as well 

as the IFG.  

Following this line of argumentation, incongruent COs should provide action observers 

with valuable additional information regarding the potential inference of an overarching action 

goal. However, compared to highly congruent COs, the incorporation of incongruent COs and 

an observed action under a common goal requires a much higher level of abstraction. These 

objects belong to a different room category and are therefore strongly associated with actions 

usually occurring in this other specific setting. In support of this assumption, activity in BA 47 

increased for incongruent COs, compared to highly congruent COs. This area is suggested to 
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retrieve long-term memory representations when bottom-up cues are not sufficient for the 

interpretation of an observed scene (cf. Badre & Wagner, 2007). 

But is the observed action indeed necessary to elicit the observed pattern of activation 

for incongruent COs? In order to unambiguously show that the observed effect for incongruent 

COs can(not) be solely traced back to room–object incompatibilities, fMRI experiments are 

needed that can investigate CO–room associations without the employment of additional 

primary action information.18 Here, one cannot completely rule out that incongruent COs are 

preferentially processed due solely to the conflict arising from their presence within an 

incompatible room category. In support of this argumentation, behavioural results indicate that 

object recognition is facilitated by strong context–object associations and hampered by low 

context–object associations (Biederman et al., 1982; also see Oliva & Torralba, 2007). Objects 

are recognized faster than action kinematics, as the latter only develop over time. While the 

manipulated objects might have been partly occluded by the performed manipulation (primary 

action information), COs were simultaneously presented in isolation somewhere on the table 

and might have impacted scene processing (or vice versa; cf. Joubert et al., 2007) by producing 

incompatibility effects before effective action recognition could be achieved. Nevertheless, I 

instead speculate that incongruent COs are processed with regard to the observed action. First, 

the main task of the participants was to watch and understand the presented object manipulation. 

No a priori attention was drawn to the presence of COs, nor were they necessary to accomplish 

the task. Second, in Study 1, I was able to show that the specific semantic match of a CO to the 

observed action led action observers to consider the COs in depth. Lowly congruent COs did 

not demonstrate this effect. Here, both lowly congruent and highly congruent COs were 

                                                
18 Additionally, if objects were the main driver of action understanding as proposed by the affordance matching 
hypothesis (Bach et al., 2014), it would be possible for the effect of incongruent COs to be traced back to an 
object–object conflict between the action objects (manipulated objects) and the CO, irrespective of the room and 
the actor (i.e., action kinematics). Further studies are warranted that can explicitly test this possibility. 
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strongly associated with the room category, ruling out the possibility that the effect (for highly 

congruent COs) was a mere compatibility effect between the CO and the observed room 

category. Third, both highly congruent and incongruent COs engaged the IFG: an area which 

has been related to the integration of action-related semantic information en route to goals 

(Badre & Wagner, 2007; Kilner, 2011) and is thus sensitive to the processing of action goals 

(Schubotz & Cramon, 2009; Wurm et al., 2014; Hrkać et al., 2014; Hrkać et al., 2015; Iacoboni 

et al., 2005).  

Incorporating my findings into the current accounts of the IFG’s function, one has to 

consider whether the IFG might react to the informative value of contextual information for 

action selection, rather than simply reflecting incompatible or compatible information. 

Following on from this, the IFG’s function should be interpreted and discussed in light of action 

prediction and the updating of currently operating generative models when observing an action. 

Before discussing these issues in detail in Section 4.4, I will first consider how the location of 

a CO impacted the processing of that CO in relation to the observed action.  

 

4.3 The impact of the CO’s location on action observers 

The CO’s location on a table was consistently and systematically varied with respect to 

the observed action. In the final action videos, the table was subdivided into four quadrants: 

close-right (cr), close-left (cl), far-right (fr), and far-left (fl). For each quadrant, three positions 

were selected, which differed in regard to reachability (high, middle, low) and, at the same time, 

mirrored the positions of the other quadrants. The camera perspective chosen for the final 

videos gave the impression that one was sitting at the table opposite the actor. This experimental 

setup enabled reachability to be investigated for an actor from an observing perspective (3pp) 

as well as for the observer from an egocentric frame of reference (1pp). In the following section, 
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the results concerning the CO’s location with reference to i) the actor and ii) the observer will 

be discussed in detail. 

 

4.3.1 COs located in the peripersonal space of an actor 

In Study 1, we did not find any significant brain activation for the main effect of location 

ergonomics (close, far). However, we did find an interaction between the goal affinity of the 

CO and its location relative to the actor: when highly congruent COs were positioned close to 

and to the right of the actor, we found an increased activation of the bilateral IFG. This location 

is where right-handers prefer to store objects they are planning to subsequently use (cf. Toney 

& Thomas, 2006; Rezaee, Shojaee, Ghasemi, Moghaddam, & Momeni, 2010; Bryden, Pryde, 

& Roy, 2000). This could be confirmed by my own pilot data (unpublished). Hence, the location 

of an object can be meaningful in building expectations concerning the unfolding of an observed 

action: objects that are needed in order to perform an action must be easily reached and grasped 

for subsequent efficient usage. In a similar vein, it was found that grip facilitation depends on 

an object’s availability for manipulation, which points to an interaction between the object’s 

pragmatic properties and the action goal implied by the contextual setting (Kalénine, Shapiro, 

Flumini, Borghi, & Buxbaum, 2014). Hence, I argue that highly congruent COs located close 

to and to the right of the actor are perceived not only in relation to the observed action but also 

to the performing actor, i.e., as a potential future target of the actor.  

 

4.3.2 COs located in the (virtual) peripersonal space of an observer 

In a behavioural variation of Study 3 (unpublished data), using the exact same locations 

for COs, we found the shortest RTs for the recognition of actions including highly congruent 

COs that were either close-right or far-left with respect to the actor. Note that far-left positions 

for the actor are equivalent to close-right for the observer (180 degrees rotated). Against this 
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backdrop, I reasoned that depending on the location of the COs, action observers might also 

establish their own (virtual) action space by perceiving COs not only with reference to the 

observed action but also with reference to themselves. A subsequent behavioural study 

assessing reachability scores for the COs’ locations from an observing perspective19 revealed 

that action observers are able to represent a CO’s location with respect to themselves and to the 

actor (Study 2). Using these reachability scores to model the BOLD response in a reanalysis of 

the fMRI dataset from Study 1, activity in the premotor, inferior parietal, cingulate, and insula 

cortices parametrically increased with the CO location’s (virtual) reachability for the observer. 

I argue that action observers are indeed furnished with their own action possibilities when COs 

are presented proximally to them (see Study 2). Two concepts are of importance here: the 

concept of peripersonal space (PPS; Rizozolatti et al., 1997; Bufacchi & Ianetti, 2018) and the 

concept of affordance (Gibson, 1977; 1979).  

According to the concept of PPS (Rizzolatti et al., 1997; Bufacchi & Ianetti, 2018), 

action observers should represent the space proximal to the actor and the objects therein with 

reference to the actor. The same logic applies to objects proximal to the observer. If one 

considers that the action observers separated the table into an operational space for the observer 

and an operational space for the actor, an explanation for the missing main effect of location 

ergonomics in Study 1 arises: both COs located proximally to the observer and COs located 

proximally to the actor have the same proximity in their respective operational space. The 

effects of COs located proximally to the observer might thus have levelled out effects of COs 

located proximally to the actor. In a similar vein, the shared action space — an area reachable 

by both (the actor and the observer) — did not reveal any significant activation pattern 

compared with the action spaces of the actor and the observer. This suggests that this space is 

                                                
19 To assess these scores, action observers were presented with the same videos as were used in the fMRI study. 
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not actually represented as a shared action space but as a space that instead remains unused by 

both the actor and the observer, compared with their respective allocated action zones.  

In addition, the spatial relation between objects and agents is meaningful as it was found 

to impact upon object affordances. Macaque and human studies show that visually presented 

objects can automatically trigger the representation of an action, provided that they are located 

within reaching space, i.e., PPS (cf. Maranesi et al., 2014). This should apply to objects outside 

the PPS (and near the main acting hand) of the observer but inside of that of the actor (Brozzoli 

et al., 2013, 2014; see also Costantini et al., 2011) and vice versa. In that sense, COs located 

within the PPS of action observers should trigger additional CO-related action representations, 

drawing on the IPL and PMv (cf. Schubotz et al., 2014). This can be confirmed by the findings 

from Study 2.20 In support of this argument, Brozzoli et al. (2013) have conducted an interesting 

fMRI experiment, revealing that the PMv responds to both objects close to one’s own hand and 

objects close to another person’s hand. On a more general level, these findings are very 

plausible, since action observation and execution (and imitation) are sustained by overlapping 

brain regions (Caspers et al., 2010). 

It remains unclear whether action observers exploit their potential action possibilities 

with regard to the observed action or even with regard to the actor (i.e., with regard to a potential 

interaction). It cannot be ruled out that results can be solely traced back to the convenience of 

a CO’s location, irrespective of the observed action. However, as  

i)  it was the participants’ task to watch and understand the observed action, and  

ii)  no a priori attention was drawn towards the COs,  

                                                
20 Note that the elicited brain activations for the observer-referenced processing of COs partly corresponded to a 
network of brain regions found to relate to processing sensory events within the PPS, including the supplementary 
motor area (SMA; bordering the midcingulate cortex), the anterior insula, the PPC, premotor areas and the 
cerebellum (cf. Grivaz, Blanke, & Serino, 2017). 
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I speculate that the observed action would be considered by action observers when 

exploiting their potential action possibilities. In this case, several scenarios are conceivable 

when action observers encounter a CO in their PPS: 

i) They perceive the CO as part of an overarching action goal of the actor. Thus, their 

brain engages into a potential reach, grasp and handover movement to “help” the actor.  

ii) They perceive the CO as part of a joint overarching action goal — a complementary 

task performance with a joint action outcome (cf. Newman-Norlund, Noordzij, 

Meulenbroek, & Bekkering, 2007). 

iii) The afforded action provided by the CO in the observer’s PPS is independent of the 

observed action’s potential outcome.  

While i) could be the case irrespective of the COs goal affinity, ii) and iii) should depend 

on it. Here, ii) would be triggered for either highly congruent or lowly congruent COs, whereas 

iii) would rather be triggered for lowly congruent or incongruent COs.21 Nevertheless these are 

speculations, which is why further studies are required to explicitly investigate this issue in 

depth. Since the IFG was co-activated with the COs’ increased convenience for the observer, 

goal representations may have played a central role.  

To sum up, the location of the CO is meaningful as it can provide either the actor or the 

observer with possible actions. In the case of the observer, these potential actions might — but 

do not have to — relate to an overarching action goal of the observed action. In the case of the 

actor, COs are suggested to be processed with respect to the observed action’s anticipated 

outcome. In the next section, I will outline the view that the processing of CO information is 

driven by its informative value in relation to the observed action scene. 

 

                                                
21 If i) is dependent on the COs’ goal affinity, it should primarily be triggered for highly congruent COs.  
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4.4 Using contextual information: a matter of relevance? 

In the previous sections, I demonstrated that CO information impacts action observation 

under several circumstances: either when COs strongly match or strongly contradict the 

observed action, or when their location additionally implies subsequent usage by the actor or 

the observer. Under all these circumstances, contextual information provides relevant cues for 

action prediction and hence goal anticipation. Is the informative value of contextual information 

(i.e. its relevance) of an observed action the critical factor that triggers its use in such predictive 

processes? 

There is ample evidence from studies in children and adults that action observers do not 

only interpret actions post hoc, but actively predict how they will continue (e.g., Flanagan & 

Johansson, 2003; Falck-Ytter, Gredebäck, & von Hofsten 2006; Uithol & Paulus, 2014; Hrkać 

et al., 2014; Wurm et al., 2014). Support for action prediction also comes from EEG studies 

and the N400 amplitude, which was found to be elicited by meaningful actions (i.e., when 

people intend to employ objects in a meaningful manner) but not by meaningless actions. 

Moreover, this effect is driven by the unexpectedness of information, rather than by simple 

congruence or incongruence to the target stimulus (cf. Amoruso et al., 2013), underlining that 

what is meaningful can change, depending on the context of a given situation.  

Using fMRI, it has been shown that areas that are traditionally assigned to the AON 

were also found to contribute to the prediction of abstract stimuli (Schubotz & Cramon, 2004; 

Schubotz, 2007), indicating the AON’s general role in predictive tasks. I propose that CO 

information is selectively used in order to predict an action’s unfolding. 

In the following sections, I will discuss the results of my studies in light of a predictive 

coding framework for action prediction (cf. Kilner et al., 2007; Kilner, 2011). I will lay out how 

the integration of relevant contextual information fits with current theories of predictive 

processing. I will further put a special emphasis on the IFG as an area that, during action 
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observation, selects relevant contextual information to update or revise currently operating 

predictive models of action outcomes. 

 

4.4.1 Using context in light of action prediction 

In this section, I will discuss how context can support the prediction of actions and 

thereby potentially enable the specification or revision of generative models of action 

prediction. It has been shown that perception is facilitated by top-down influences, i.e., 

predictions (cf. Trapp & Bar, 2015). These predictions are significantly influenced by 

contextual information (cf. Pezzulo & Cisek, 2016). In real life, input to the visual system is 

often noisy: that is, objects and actions appear with occlusion, interruption, sub-optimal 

illumination and so forth. In these cases, (compatible) contextual information has been shown 

to provide action observers with top-down cues that facilitate the recognition of objects (cf. 

Bar, 2004) or actions (cf. Wurm et al., 2017), by constraining what to expect given a specific 

contextual setting. Initially, the enormous amount of sensory information already creates 

competition vis-à-vis where to look in a given scene. Selective attention has proven an elegant 

human mechanism for selecting the relevant information from the perceptual environment in 

order to accomplish a task (Desimone and Duncan, 1995). However, the competition does not 

end with this initial selection of what to attend to (e.g., the action). Instead, in the case of objects, 

one particular object might map onto different neuronal patterns stored in memory, i.e., 

different generative models (cf. Clark, 2013). In a similar vein, the affordance competition 

hypothesis (Cisek, 2007) postulates that several actions are specified in parallel by the brain, 

based on currently available information from the environment (i.e., affordances). In the 

meantime, further information is collected to bias the perception of these competing actions in 

favour of selecting a single representation or action outcome (see also Pezzulo & Cisek, 2016). 

Again, the information needed to resolve this competition is typically provided by the 



 
4.4 Using contextual information: a matter of relevance? 

113 
 

environment of the observed action, i.e., it is context-sensitive. Pezzulo & Cisek (2016) have 

proposed an elegant way of conceptualizing action prediction by extending the affordance 

competition hypothesis. In their model, termed the hierarchical affordance competition 

hypothesis, they suggest that brains are continuously engaged in generating predictions (e.g., 

about future opportunities) rather than just reacting to already available affordances. Thereby, 

the brain is able to link different levels of abstraction and to bias the selection of immediate 

actions (e.g., cutting a tomato) according to the predicted long-term opportunities they make 

possible (e.g., making a salad). It is suggested that these processes follow a nested cascade of 

expectations that prescribe the next affordance to be exploited (CO information) without 

necessarily specifying how exactly the lower-level motor acts should be executed. This 

autonomy leads to continuous competition at the lower levels of the hierarchy between 

alternative ways to specify the demands of the higher levels. Not only can (higher-level) 

decisions about action plans bias immediate action selection, but the results of the competition 

between affordances at any low level of the hierarchy (e.g., a highlighted scientific paper) can 

influence choices at higher hierarchical levels (e.g., cutting a tomato) by creating a residual 

prediction error that cannot be minimized without changing a long-term plan (e.g., preparing a 

snack for learning). Ultimately, the selected action can be executed through continuous 

feedback control.22 

Visual context provides the necessary broadness and degrees of abstraction to serve as 

such a top-down signal, able to favour a large set of ongoing perceptual processing steps 

towards a single interpretation of the perceived visual input, i.e., a long-term action goal. In this 

sense, context provides two functions: initially, it helps the observer selectively attend to what 

is relevant, while in a second step, it helps resolve the competition between various similar 

                                                
22 Although primarily related to action planning and execution, the hierarchical affordance competition 
hypothesis it is also applicable to action prediction during the observation of an action. 
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activated representations (Trapp & Bar, 2015) by providing a (temporal) more abstract or 

distant long-term goal. Thus, contextual information can indeed impact action observation at 

different levels of the action hierarchy, from immediate consequences up to higher-level action 

goals. 

We have limited knowledge about how these different aspects relating to action 

prediction operate on a temporal scale, i.e., at which points they may impact each other. With 

regard to my studies, the action, the CO and the room category were all presented 

simultaneously and were likely processed largely in parallel. Representations of these 

information types are cross-linked in the brain and most probably thus impact upon each other. 

In this context, one can only speculate about several possible options regarding the temporal 

aspects of prediction formation: 

When observing somebody cutting a tomato, one is presented with different types of 

information simultaneously, which lead to the selection of a specific generative model (here, of 

a short-term goal, e.g., a cut tomato) in a bottom-up manner. Thus, the generative model for 

“cutting a tomato” is initially activated by the presentation of core information, the internal goal 

of the actor (study-task), and the gist of the observed scene. It is conceivable that this generative 

model in turn biases (to some extent) a set of potential generative models at higher levels of the 

hierarchy, i.e., potential long-term goals.  

In this scenario an additional highly congruent or incongruent CO provides a highly 

informative contextual bottom-up cue for what to expect next, i.e., a predictive cue for the 

unfolding of the action. The moment in which this CO is incorporated into the observed action 

could thus be regarded as a decision point (cf. Botvinick & Bylsma, 2005). The selection of the 

correct action at such a decision point should be benefited by screening the immediate 

environment of an observed action. Hence further affordances of the environment can be 

exploited, i.e., CO information. In the case of a highly congruent CO, the currently operating 
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predictive model can thus be extended (or specified) with respect to a specific overarching 

action goal, e.g., preparing a salad. In the case of an incongruent CO, a more distal goal has to 

be anticipated that links “a cut tomato” with the incongruent CO information, leading to a 

revision of the predicted model. Lowly congruent COs do not provide any valuable cues for 

what to expect next, as they are only processed as part of the room category (i.e., they are 

processed as part of the gist of the scene). Hence, no higher-level generative model is activated, 

i.e., no increased activation pattern is observed. 

Another possibility could be that the action and the CO both simultaneously trigger 

generative models (at the same level of the action hierarchy). In the case of incongruent COs, 

these will be opposing models, and the consequent conflict can be resolved by retrieving a new 

overarching action goal, leading to the activation of a higher-level generative model. In the case 

of highly congruent COs, both action and CO would concurrently activate related generative 

models (e.g., cutting a tomato, cutting a cucumber) that amplify each other and directly lead to 

the activation of a higher-level generative model (e.g., preparing a salad) that specifies and 

predicts upcoming action steps. 

In support of such speculations, I found enhanced activation for highly congruent and 

incongruent COs in several AON nodes, potentially reflecting the triggering of representations 

of the action steps necessary to achieve a (specific) overarching action goal. As these predicted 

action steps are never perceived by the action observers, the engagement of the corresponding 

brain areas should indeed be high (cf. Waszak et al., 2012) and could be particularly 

demonstrated by increased activation of the IFG in several circumstances: activity in the 

bilateral IFG (BA 44, 45, 47) significantly increased for both incongruent and highly congruent 

COs, compared to lowly congruent COs (Study 3). The left IFG was significantly engaged when 

COs were located proximally to action observers (Study 2) and so was the bilateral IFG, when 

highly congruent COs were presented in the preferred action zone of an observed actor (Study 



 
4.4 Using contextual information: a matter of relevance? 

116 
 

1). I will discuss these results in detail in the next section, when proposing that the IFG does 

not simply reflect integration attempts of more or less congruent contextual information. Instead 

I suggest that the IFG reflects the informative impact of COs on observed actions, by using 

contextual information to supply and update currently operating predictive models. I argue that 

previous findings concerning the IFG’s function can be reconciled with this proposition. 

 

4.4.2 The role of the IFG during action observation reconsidered 

I will start by discussing issues of lateralization in the IFG, followed by a recapitulation 

and discussion of the present findings in light of previous findings concerning the IFG. I will 

close this section by proposing a revised role for the IFG. 

The IFG has been associated with effortful contextual integration across different 

domains (Poldrack et al., 1999; Smirnov et al., 2014; van Schie, Toni, & Bekkering, 2006). 

Most studies emphasize or only discuss the left IFG (referred to as Broca’s area), even when 

their results reveal bilateral activation (e.g., Kröger et al., 2012). While the left IFG has 

consistently been associated with the processing of semantics, many studies reporting on the 

right IFG have investigated response inhibition, e.g., go/no-go tasks (Levy & Wagner, 2011). 

However, inhibition is not in conflict with selection. In order to select among competing 

representations — a function that has been proposed for the left IFG (Badre & Wagner, 2007) 

— one has to select in favour of one representation while at the same time inhibiting others (cf. 

Levy & Wagner, 2011). For this mechanism to be effective, it is crucial to be able to consider 

the possible responses concurrently: an ability also referred to as contextual control. Contextual 

control was found to activate the bilateral IFG (Koechlin & Summerfield, 2007). The 

lateralization of IFG activation might depend on the type of stimulus, with language being 

processed in the left hemisphere and visuo-spatial stimuli in the right hemisphere (e.g., Golby 

et al., 2001; Walter, Bretschneider, Grön & Zurowski, 2003). In support of this proposition, it 
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is worth noting that paradigms investigating motor inhibition mostly make use of visuo-spatial 

stimuli, whereby the verbal aspects of linguistics are less relevant (cf. Levy and Wagner, 2011), 

e.g., the location of letters matters but not their identity. In contrast, the processing of linguistic 

stimuli activates the left IFG (Badre & Wagner, 2007). The stimuli used in this thesis and in 

previous action observation paradigms (Wurm & Schubotz, 2012; Hrkać et al., 2014; Hrkać et 

al., 2015; Wurm et al., 2014) are non-verbal, but relatively easy to verbalize.23 Such stimuli 

have often been found to lead to bilateral activation in the PFC (e.g., Golby et al., 2001; Hrkać 

et al., 2014). Thus, it is conceivable that the left and the right IFG reflect similar processes that 

are lateralized depending on the type of stimulus. Therefore, I do not differentiate between left 

and right IFG activations.  

In my studies, activation of the IFG was observed when contextual information had the 

potential to enrich the interpretation of an observed action. In Study 1, I found increased 

activation of the bilateral IFG (BAs 44 and 45) when highly matching COs were presented close 

to and to the right of the actor. As such, CO information could be used in order to anticipate the 

observed action’s outcome. In Study 2, left IFG (BA 44) activation increased parametrically 

with an increase in the convenience of a CO’s location for the action observer, irrespective of 

the goal affinity. The location of the COs was thus meaningful as it provided action observers 

with “their own” action possibilities. When the significance threshold was lowered, also 

activation of the right IFG (BA 44) was revealed. In Study 3, I observed a significant increase 

of activity for both highly congruent and incongruent COs in all IFG compartments (BAs 44, 

45 and 47). However, incongruent COs imposed an additional demand on BA 47 when 

compared to highly congruent COs. I argue that these results imply that IFG activation reflects 

the informative impact CO information can have on observed actions. 

                                                
23 Note that in the present studies, it was the participants’ task to respond to verbal descriptions of the actions.  
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Previous accounts of the IFG’s function (Badre & Wagner, 2007; Koechlin & 

Summerfield, 2007; Uddén & Bahlmann, 2012; Petrides, 2005) have proposed that it is 

hierarchically organized according to a functional stepwise gradient along the rostro-caudal 

axis, whereby top-down control is exerted from anterior to posterior regions (Koechlin et al., 

2003). The essence here is that the more posterior the area (BA 44), the more it contributes to 

constrain the immediate action requirements or options. More anterior sites (BAs 45 and 47), 

however, are more and more content-independent and associated with high-level goals (Badre, 

Poldrack, Pare-Blagoev, Insler, & Wagner, 2005; Badre & D'Esposito, 2009; cf. Buckner, 

2003). This hierarchical organization situates the IFG as a good candidate for contributing to 

the prediction of actions at different levels of the action hierarchy. 

Correspondingly, the IFG has been associated with the processing of action goals in 

many action observation paradigms. Schubotz and Cramon (2009) found the (left) IFG to be 

engaged whenever the goals of an observed action changed. In a similar vein, IFG activation 

has been found to increase whenever an actor performs unrelated action steps in succession, 

implying missing goal coherence (Hrkać et al., 2014). Attenuation of the IFG has been observed 

when goals become predictable, i.e., when observing goal-coherent episodes of action steps 

(Wurm et al., 2014). Note that in all these circumstances, the processing of the action goals was 

not task-relevant. Rather, the IFG engagement seems to reflect an autonomic process. 

These results already imply that the IFG does not simply reflect demands to integrate 

more or less compatible contextual information in the observed action, but that it is goal-

sensitive. For example, in Hrkać et al. (2014), in which every action step was performed by a 

new actor — producing a situation in which goal coherence was present but the actor was 

incoherent — no increased activation in the IFG could be observed. The same pattern was 

revealed for lowly congruent COs (Studies 1 and 3). While the situation in the former study 

could be resolved by the participants’ potential assumption that they were observing a joint-
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action performance, lowly congruent COs could be interpreted as part of the room category. 

Despite seemingly conflicting actor information or action–object associations, IFG activity did 

not increase. Moreover, my studies did not reveal a parametric increase in IFG activation with 

increasing incongruence, i.e., the lowest IFG engagement for highly congruent COs. Instead, 

the presence of highly congruent COs increased activity in all IFG compartments, as did 

incongruent COs. Hence, the IFG appears to take account of contextual information that 

specifies and/or enriches the interpretation of an observed action.  

Based on previous findings, one might have expected activation of the IFG to reflect 

(only) missing goal coherence. In line with this proposition, the IFG was engaged when an 

event in a story could not be predicted because previous predictive information was missing 

(Virtue, Haberman, Clancy, Parrish, & Beeman, 2006). Again, the results of the present studies 

imply an extended role for the IFG: while missing goal coherence is triggered by incongruent 

COs (Study 3), this might apply to COs that are located proximally to action observers (Study 

2) but does not apply to highly congruent COs (Study 1 and 3). All of the above-mentioned 

findings can however be reconciled when considering that the IFG reflects the informational 

impact of contextual information on observed actions. According to this suggestion, in cases of 

missing goal coherence, the IFG would be engaged, reflecting the effort to retrieve an 

overarching action goal when presented with conflicting action-related information. This would 

draw especially on BA 47, due to its ascribed function of controlled retrieval (Badre & Wagner, 

2007), i.e., a top-down process activating goal-relevant knowledge, especially in the face of 

contradicting representations. Studies relating to missing goal coherence indeed involved the 

selective engagement of BA 47 (Wurm & Schubotz, 2012; Hrkać et al., 2014). The same pattern 

of activation was found for incongruent COs in Study 3. Although all IFG compartments were 

recruited for both highly congruent and incongruent COs, activation of BA 47 selectively 

increased for the presence of incongruent as opposed to highly congruent COs. Thus, increased 
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activation of BA 47 in response to incongruent vs highly congruent COs can be explained by 

the increased demand to retrieve an action outcome when confronted with strongly opposing 

action-related information. More specifically, incorporating both incongruent COs and the 

observed action under an overarching goal requires a much higher level of abstraction, evoked 

by the strength of the CO’s association with an incompatible room category and hence with 

actions associated with this room category. 

In cases of highly congruent information, the IFG potentially reflects a process of 

specifying the interpretation of an observed action by predicting an overarching action goal that 

incorporates a continuation of the currently observed object manipulation. In both cases, the 

interpretation of an observed action is enriched and the currently operating predictive models 

can be updated and specified.24 The same logic applies to COs in observer-convenient locations. 

These COs provide relevant information about what might happen next and thereby support the 

prediction of upcoming events. Finally, as the prediction of others’ behaviour is of vital 

importance (Prinz, 2006), I propose that based on the novel insights revealed by the results of 

the present studies, the engagement of the IFG might indeed reflect a selective use of contextual 

information that supports the prediction of action outcomes. 

 

4.5 Future directions 

In the following, a number of ideas for further studies that would strengthen the findings 

and interpretations of the current studies are presented. 

                                                
24 In that sense, it is conceivable that the anterior IFG (BA 45/47) selectively uses relevant contextual information 
to form an overarching action goal, in concordance with temporal regions (stored learned target-context 
association), while the posterior IFG (BA 44/45) generates a sequence of action steps to achieve this goal, which 
is in turn anticipated by the adjacent PMv as well as the IPL This proposal is roughly coinciding to a model 
proposed by Amoruso et al. (2013). 
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With regard to Study 3, it cannot be completely ruled out that the results for incongruent 

COs could be traced back to an object–room conflict. Hence, the possibility remains that the 

presentation of the action itself was not necessary to elicit the currently observed pattern of 

activation. I suggest a modified version of Study 3 in which participants are also presented with 

videos containing the exact same room information and CO information, but without the actor 

performing an action. Brain activations for trials containing the actor could be compared with 

trials that do not, thereby accounting for possible activations that were due solely to object–

room associations. This would also account for related issues in Study 2, whereby COs located 

proximally to the action observers might suffice in order to elicit the currently observed pattern 

of activation. Regarding Study 2, it would also be interesting to investigate how the goal affinity 

of the conveniently located COs (vis-à-vis the observer) might contribute to the processing of 

action goals. By investigating the differential engagement of the three IFG compartments in 

response to varying the goal affinity of these COs, one might be able to draw conclusions about 

the quality of action goals (as proposed in Section 4.3.2). 

Finally, I propose a study that puts the main emphasis on investigating the revised role 

of the IFG, i.e., selectively using contextual information to predict action goals at different 

levels. Using eye tracking and fMRI simultaneously, action observers would initially be 

presented with action videos (3s) that depict actions involving highly congruent COs, similar 

to Studies 1 and 3. However, comparable to the manipulation of Hrkać et al. (2014) and Wurm 

et al. (2014), these videos would belong to a sequence of action steps (i.e., an episode), whereby 

each action step would be depicted in a short video (3s). Similar to Hrkać and colleagues (2014), 

these episodes would either be goal coherent or not. The most important factor is that after the 

presentation of the initial action step featuring a CO (that is not used), that CO would be 

incorporated by the actor into the action during the unfolding of the action episode (goal-

coherent episode). Hence, the COs would receive a shift in their meaning, from contextual 
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information to core information. If the IFG selectively uses context to predict action outcomes, 

an increase of activation in the IFG should be observed after the initial video. As soon as the 

action unfolds and the CO becomes integrated within the observed action-episode, IFG activity 

should however decrease as a function of predictability. On the other hand, where COs are not 

incorporated into the subsequent action steps of an observed episode — even though such an 

incorporation was implied by the presence of the CO in the first video — no attenuation should 

be observed. Using eye tracking could be an elegant way to account for the selective use of CO 

information. In that case, one would expect participants to make saccades and fixations away 

from the action and towards the CO information. Using EEG (and investigating the N400) 

during the above described study could also provide promising insights for two reasons: i) it 

potentially enables a deeper understanding of the temporal aspects of prediction formation and 

ii) it might corroborate the assumption that both highly congruent and incongruent COs provide 

(surprisingly) meaningful information for action prediction.  

.
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5. Conclusion 

The successful prediction of others’ actions is an example of how fascinating human 

cognitive abilities can be. Previous research has suggested that action observers consider 

multiple sources of information in an attempt to successfully predict action outcomes, even at 

the cost of implausible expectations. 

This thesis built upon these findings by investigating under which circumstances 

contextual object information is used to constrain an observer’s expectations, thereby providing 

novel insights into how contextual information is selectively used in order to enhance action 

prediction. In light of these results, the IFG’s current role should be extended to acknowledge 

the area as one that operates between core and contextual information, and selects contextual 

information in a way that enriches the interpretation of observed actions. My studies indicate 

that the IFG is sensitive to the informative impact of contextual cues as it might selectively use 

context to infer action goals at higher levels of the action hierarchy. These processes were not 

task-relevant, underlining the inherited predictive nature of the human brain. In this sense, real-

life predictions might indeed be governed by both expectation-constraining and expectation-

generating computations. 

Finally, this thesis provides benchmarks for the study of impairments related to autism 

spectrum disorder, since a range of these impairments have been associated with a lack of 

contextual sensitivity and a bias towards local processing, i.e., the failure to use context to guide 

behaviour. 
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Abbreviations 

1pp  first person perspective  
3pp  third person perspective  
ACC  anterior cingulate cortex  
AG   angular gyrus  
AON  action observation network 
(a) IPS   (anterior) intraparietal sulcus 
ANOVA  analysis of variance 
BA   Brodmann area 
BOLD  Blood oxygenation level-dependent CM context-manipulation 
CO   contextual object 
CL  close-left 
CR  close-right 
dlPFC  dorsolateral prefrontal cortex 
EBA   extrastriate body area 
EEG  electroencephalography 
EPI   echo planar imaging 
ER   error rate 
FL  far-left 
fMRI   function magnetic resonance imaging  
FR  far-right 
FWHM  full width half maximum 
GA   goal affinity 
GLM   general linear model 
Hz   Hertz 
IFG   inferior frontal gyrus 
IPL   inferior parietal lobule  
ITG  inferior temporal gyrus 
L  left  
LE   location ergonomics 
lPFC  lateral prefrontal cortex 
LOC   lateral occipital complex 
M1   primary motor cortex 
MCC  middle cingulate cortex 
MFG  middle frontal gyrus 
mPFC   medial prefrontal cortex 
ms   millisecond 
OPA  occipital place area 
OTC   occipitotemporal cortex 
PCT  predictive coding theory 
PCC   posterior cingulate cortex 
plPFC  posterior lateral prefrontal cortex 
PMd   dorsal premotor cortex 
pMTG  posterior middle temporal gyrus 
PMv   ventral premotor cortex 
PPA   parahippocampal place area 
PPC  posterior parietal cortex 
PPS  peripersonal space 
pSTS   posterior superior temporal gyrus 
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R   right 
ROI   region of interest 
RSC   retrosplenial cortex 
RT   reaction time 
s   seconds 
(pre) SMA  (pre) supplementary motor area 
SMG   supramarginal gyrus 
SPL  superior parietal lobule 
SVC  small volume correction 
TE   time echo 
TFCE  threshold-free cluster enhancement 
TMS   transcranial magnetic stimulation 
TR   time of repetition  
V1   primary visual cortex 
V2-V6  extrastriate visual cortex V2-V6 
vlPFC   ventrolateral prefrontal cortex  
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