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General Introduction

Parts are based on:

Böckler, A. & Sebanz, N. (in press). In H. S. Terrace & J. Metcalfe (Eds.) Agency and Joint
Attention. New York, N Y : Oxford University Press.

9

Chapter 1 - General Introduction
A central characteristic o f living organisms is the ability to interact with their environment
(Koshland, 2002). The environment o f humans is, to a great extent, composed o f other people,
and human life entails socially interacting with others, be it in the form o f verbal and nonverbal communication or the coordination o f actions in time and space. In the last decades,
researchers have become increasingly interested in the mechanisms underlying social
cognition and social interaction. Findings suggest, for instance, that simulation processes in
our own sensory and motor systems help to effortlessly understand, predict, and complement
others’ actions (Prinz, 1997; Rizzolatti & Sinigaglia, 2010; Wilson & Knoblich, 2005). Motor
and emotion contagion lead us to adjust our body movements and language to each other
without being aware o f it (Chartrand & Bargh, 1999; Garrod & Pickering, 2004) and underlie
empathy with others (e.g. in pain, Singer, Seymour, O ’Doherty, Kaube, Dolan & Frith, 2004).
Besides, we are a species equipped with both the reflective capability to infer others’ mental
states (Frith & Frith, 2010) and a unique motivation to share experiences with our conspecifïcs (Tomasello & Carpenter, 2007). Finally, social cognition and social interaction are
regulated and supported by a phenomenon that is prevalent in social situations: joint attention
(Tomasello, Carpenter, Call, Behne, & Moll, 2005), that is, looking at (i.e. attending to) an
object or an environment with others (Baldwin, 1995). The present thesis addresses this
phenomenon.
Picture yourself in a common interactive situation, such as working on a jigsaw puzzle
with two o f your friends. While smoothly pursuing this joint activity without being in each
other’s ways, you will make eye contact with your friends numerous times and regularly
foliow their gaze to figure out where they are looking at or what they are reaching for.
Similarly, you can easily direct their attention towards yourself or certain parts o f the puzzle,
and quite often you will all be looking at the same piece at the very same time. These
instances o f joint attention do not require much planning, yet they greatly contribute to the
success o f your joint enterprise, rendering verbal arrangements or explicit consultation
unnecessary.
How is joint attention achieved so effortlessly and how does it contribute to social
interaction? The following section will give a brief overview over the factors that support
joint attention. Subsequently, I will illustrate current notions o f how joint attention contributes
to the development o f social cognition and to online social interaction. A hitherto open
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question is whether and how joint attention affects people’s instantaneous processing o f
jointly attended scenes. For instance, does looking at the scene together with your friends
influence how you perceive and focus on the jointly attended puzzle yourself? The central
question o f this thesis is how the cognitive processing o f and the performance on jointly
attended scenes are shaped by the way co-attendees relate to these scenes. Addressing these
questions contributes to the understanding o f the mechanisms that underlie the role o f joint
attention in social interaction.

Enabling joint attention
When two individuals jointly attend to an object or an event, they establish a triadic
relationship between each other and the attended object or event (Tomasello, 1997; Tomasello
et a l, 2005). Instantiating such triadic joint attention requires individuals a) to mind and make
out where the other is looking, and b) to adjust their own gaze accordingly or make the other
change theirs. How do we achieve this so easily? What processes or dispositions enable joint
attention? Psychological research has approached this question in two ways. On the one hand,
investigations on the perceptual components o f joint attention have addressed how people
process and respond to others’ gaze behaviour. Results revealcd that we are in fact very
sensitive to being looked at and that we readily follow others’ gaze. On the other hand,
research on conceptual components has focused on motivational and epistemic aspects of
experiencing attention with others and has shown that people are highly motivated to initiate
and engage in joint attention. The following sections will outline these components, their
development, and neuronal underpinnings.

The eye contact effect
Humans are extremely sensitive to eye contact. Faces or eyes that directly gaze at observers
modulate subsequent attentional and cognitive processing, a fïnding referred to as eye contact
effect (Kleinke, 1986; Senju & Csibra, 2008). For instance, when depicting eye contact (as
opposed to averted gaze), faces are recognized faster and performance in tasks related to face
processing, such as identity recognition or gender discrimination, is enhanced (Hood, Macrae,
Cole-Davies, & Dias, 2003; Macrae, Hood, Milne, Rowe, & Mason, 2002; Senju, 2005).
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Faces with direct gaze are memorized better and make it harder to detach attention from them
(Senju & Hasegawa, 2005; Vuilleumier, George, Lister, Armony, & Driver, 2005), that is,
they catch and capture attention.
While many animals show aversive responses to eye contact, humans from their first
days o f life preferentially direct attention to faces with direct gaze as compared to averted
gaze (Emery, 2000; Farroni, Csibra, Simion, & Johnson, 2002). At the age o f four months,
eye contact modulates cortical activation and infants discriminate faces only when they are
presented with direct gaze (Farroni et al., 2002; Farroni, Massaccesi, Menon, & Johnson,
2007). By contrast, individuals with Autism Spectrum Disorder (ASD) tend to avoid eye
contact from early infancy on (Maestro, Muratori, Cesari, Cavallaro, Paziente, Pecini, Grassi,
Manfredi, & Sommario, 2005; Dalton, Nacewicz, Johnstone, Schaefer, Gemsbacher,
Goldsmith, Alexander, & Davidson, 2005; Pelphrey, Sasson, Reznick, Paul, Goldman, &
Piven, 2002). ASD is characterized by diffïculties in social interaction and communication
and the atypical pattem o f mutual gaze is a diagnostic criterion.
Neuroimaging studies suggest that perceiving eye contact enhances activation in
subcortical areas such as the amygdala, which then modulate activity in the so-called social
brain network (see Senju & Johnson, 2009 for a review). In this way, perceiving eye contact
has immediate effects on the allocation o f attention and on the processing o f social
information.

Gaze following
Another way in which eyes instantaneously affect perception and attention is by providing
gaze cues. Perceiving others’ gaze reflexively draws one’s own attention in the same direction
(overtly through eye movements or covertly through spatial attention shifts) and provides a
perceptual benefit for the attended location (Ristic, Friesen, & Kingstone, 2002; for an
overview see Frischen, Bayliss, & Tipper, 2007). When trying to detect targets while
simultaneously seeing someone’s face, people cannot help but follow the other’s gaze, even
when they know that the targets are less likely to appear at the gazed-at location (Driver,
Davis, Ricciardelly, Kidd, Maxwell, & Baron-Cohen, 1999). This effect is referred to as gaze
following or responding to joint attention (RJA, see Mundy, Block, Delgado, Pomares, Van
Hecke, & Parlade, 2007).
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The tendency to follow con-specifics’ gaze has been reported in several animals (e.g.
ravens, Bugnyar, Stöwe, & Heinrich, 2004; goats, Kaminski, Riedel, Call, & Tomasello, 2004,
great apes, Brauer, Call, & Tomasello, 2005). However, the depigmentation o f the sclera
makes human eyes especially profïcient in providing gaze information and may have evolved
(partially) to enhance the effectiveness o f communication based on eye contact (Kobayashi &
Kohshima, 1997). Infants follow perceived gaze shifts from the ages o f three to six months
(D’Entremont, Hains, & Muir, 1997; see also Brooks & Meltzoff, 2005; M eltzoff & Brooks,
2007) and children with autism, though averse to eye contact (see previous section), have
been reported to follow others’ gaze as well (Chawarska, Klin, & Volkmar, 2003; Kylliainen
& Hietanen, 2004).
Accordingly, gaze following is sustained by an involuntary system that develops early
in life (see Frischen et al., 2007 for an overview). The superior temporal sulcus underlies
perceiving the direction o f others’ gaze (Seyama & Nagayama, 2006) and has connections
with a cortical network that is involved in the orienting o f attention (parietal orienting
network, Posner & Rothbart, 2007). In this way, information about gaze direction is
transmitted to a system that initiates attention orienting in the respective direction.

Initiating joint attention
Besides readily shifting attention according to another’s gaze direction (gaze following or
responding to joint attention, RIA), humans also initiate gaze shifts in others by, for example,
extensive looking or pointing gestures (initiating joint attention, IJA, see Mundy & Newell,
2007).
Although some non-human primates are capable o f deriving what con-specifics can
and cannot see (Hare, Call, Agnetta, & Tomasello, 2000; Itakura, 2004), it has been argued
that the motivation to initiate and engage in joint attention with con-specifics for the sake o f
sharing the experience is specific to humans (Tomasello et al., 2005; Tomasello & Carpenter,
2007). While humans provide and understand gaze or pointing as a manner o f referential
communication (e.g. pointing out hidden objects), non-human primates follow indicative
gestures only in competitive situations (Hare & Tomasello, 2004), indicating a lack o f
understanding o f communicative intent. From the age o f six months onwards, infants eagerly
initiate joint attention using eye contact and altemating looking (that is, looking from the
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other to the object and back), behaviours that further develop in the fïrst years o f life
(Bakeman & Adamson, 1984; Mundy et al., 2007). While infants with ASD respond to gaze
shifts provided by others (see previous section), they show pronounced reduction o f initiating
joint attention (Mundy, Sigman, & Kasari, 1994; Mundy, 2003; Sigman & Ruskin, 1999).
Initiating joint attention has been argued to rely on the anterior attentional system, a
network that is involved in volitional, goal-directed allocation o f attention as well as in social
cognition (Mundy, 2003; Mundy & Newell, 2007). Recent evidence from a study on
interactive gaze behaviour revealed that initiating joint attention also activated the ventral
striatum, a structure related to reward processing and ‘the hedonic aspects o f sharing
attention’ (Schilbach, Wilms, Eickhoff, Ramonzetti, Tepest, Bente, Shah, Fink, & Vogeley,
2010). Humans, hence, seem to be rewarded by initiating instances o f joint attention.

To sum up, joint attention is supported by reflexive shifts o f attention towards others’ eyes
and according to others’ gaze direction. Moreover, humans are particularly motivated to
initiate and engage in joint attention with others. These dispositions seem deeply engrained in
our neuronal and cognitive systems and develop early in life. Clinical populations whose
social cognitive and interactive abilities are reduced show limited motivation to share
attention. This raises the question as to the functional role joint attention plays in social
cognition and joint action. The following section will provide an overview o f two ways in
which attending with others could contribute to successful interaction. Firstly, philosophers
and psychologists have emphasized the role o f experiential and motivational aspects o f
sharing attention for developing a conceptual understanding o f self and other. Secondly,
empirical evidence has revealed that joint attention facilitates numerous aspects o f online
interaction, such as communication and action coordination.

Joint attention in social interaction
Joint attention and the development of social skills
Experiencing eye contact, following others’ gaze, and initiating joint attention shape the
development o f social interactive behaviours. Eye contact, for one thing, signals interest in
another person. Being looked at creates a situation in which one experiences oneself as the
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object o f another person’s attention. From early on, infants respond emotionally to being
looked at (e.g. by expressing joy, coyness, or embarrassment, see Reddy, 2003). The
emotional experience o f perceiving oneself as the object o f someone else’s directed attention
(‘self-other conscious effect’) has been argued to precede and to be crucial for the
development o f conceptual representations o f self and other (Reddy, 2003).
Moreover, eye contact can fiinction as an ostensive cue that signals communicative
intent towards the observer and indicates the signifïcance o f an upcoming action (Csibra &
Gergely, 2009). As such, eye contact fosters social leaming. Already in the first year,
perceiving direct gaze enhances infants’ processing of emotional expressions, objects and
words (Grossmann, Johnson, Farroni, & Csibra, 2007; Reid, Striano, Kaufman, & Johnson,
2004; Striano, Reid, & Hoehl, 2006). Later in life, eye contact augments the leaming o f object
properties, enhances generalization o f information about the environment, and supports the
imitation o f interaction partners’ behaviour (Csibra, 2010; Yoon, Johnson, & Csibra, 2008;
Wang, Newport, & Hamilton, 2010). Besides, infants and adults especially follow others’
gaze when mutual gaze has been established beforehand (Bristow, Rees, & Frith, 2007; Senju
& Csibra, 2008).
Following another person’s gaze or making others follow one’s own gaze instantiates
a situation in which both agents are attentionally relating to an object, that is, engaging in
triadic joint attention. Researchers have highlighted the importance o f such triadic relations
for developing an understanding o f others as mental agents. According to Barresi and Moore
(1996), the understanding o f our own and others’ mental states depends on situations where
attention is directed to the information available about self and other (e.g., proprioceptive
access to our own and visual access to the other’s actions and mental states) at the same time.
By integrating first and third person information, so the argument goes, we achieve the
concept o f self and others as being mental agents, who can, for example, perceive one and the
same situation differently. Social-affective accounts have additionally stressed that joint
attention, by fostering the sharing o f emotions, underlies social-cognitive development
(Hobson, 1989; Tomasello, 1995; Mundy et al., 2007). Indeed, numerous studies suggest that
the extent to which gaze is followed and joint attention is initiated positively predicts later
language acquisition, imitation skills (Garcia-Pérez, Lee, & Hobson, 2006; Hobson & Hobson,
2007, but see Southgate & Hamilton, 2008), regulation o f own emotions, and social
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competence (Morales, Mundy, Delgado, Yale, Messinger, Neal, & Schwartz, 2000; Morales,
Mundy, Crowson, Neal, & Delgado, 2005; Mundy et al., 2007; Sheinkopf, Mundy, Claussen,
& Willoughby, 2004; Van Hecke, Mundy, Acra, Block, Delgado, Parlade, Meyer, Neal, &
Pomares, 2007).

Joint attention and online social interaction
Besides contributing to the development o f concepts and skills that are crucial for social
cognition, joint attention facilitates several aspects o f online social interaction. Research
revealed, for instance, that discourse comprehension in verbal communication depends on the
alignment o f gaze behaviour. When pairs o f participants conversed about visual scenes that
were displayed before them (taken from the sitcom “Friends”), the listener’s understanding o f
the speaker’s information improved the closer their eye movements matched (Richardson &
Dale, 2005). This held when the speaker had previously been videotaped as well as in online
face-to-face conversations (Richardson, Dale, Kirkham, 2007). The authors have argued that
adjusting gaze behaviour, besides aligning the conversants’ actual visual input, allows speaker
and listener to spatially organize information in the same way.
Interactions also require nonverbal understanding o f other people’s mental states (e.g.
desires, beliefs, feelings). Humans extract information about others’ mental states from their
eyes and gaze behaviour (Baron-Cohen, 1997). For instance, we make use o f others’ gaze in
order to infer the desires and goals o f our interaction partners (Lee, Eskritt, Symons, & Muir,
1998). Accordingly, the interpretation o f gaze plays an important role for the theory o f mind
(ToM) system and it has been shown that similar brain areas underlie processing o f gaze and
ToM tasks (Calder, Lawrence, Keane, Scott, Owen, Christoffels, & Young, 2002). People, in
fact, read others’ minds in their eyes and gazes.
Furthermore, joint attention facilitates spatial coordination o f actions. Clark & Krych
(2004) reported experimental evidence for the extensive use o f others’ gaze and attention
behaviour in a joint action task. Pairs o f participants assembled Lego models in such a way
that a ‘director’ told a ‘builder’ which pieces to select and how to attach them. When directors
had visual access to the builders’ workspace, the builders made information about the
direction o f their attention more salient as compared to when directors were ‘blind’ (e.g. by
eye gaze, head movements, etc.). The directors, in turn, followed the builders’ gaze and
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immediately incorporated this information in their next instruction, leading pairs in the joint
attention setting to be faster and more accurate. Joint attention, hence, augmented action
coordination by allowing the detection o f and adjustments to the other’s action affordances.
Finally, many joint actions depend on rapid and precise temporal coordination.
Besides knowing what action the co-actor is planning, partners need to predict the time course
o f each other’s actions. This holds for the onset of joint action as well as for its progression
(Clark, 1996). It has been shown that when rehearsing duets together, pianists increase the
amount o f mutual eye gaze to enhance temporal accuracy (Williamon & Davidson, 2002).
This fïnding points towards the role o f ostensive cues not only in leaming, but also in timing.
Besides ostensive looking behaviour, musicians exaggerate visual cues such as finger and
head movements when auditory feedback is absent (Goebl & Palmer, 2009). Attending to and
perceiving the (exaggerated) movements o f a co-actor might facilitate precise temporal
predictions based on simulation processes. This is supported by studies where participants
performed and observed visually guided actions (Flanagan and Johansson, 2003). Not only
the performer, but also the observer carried out predictive (rather than reactive) eye
movements relative to the performer’s hand. This suggests that action simulation relies on the
same eye-hand coordination programs that are involved in performing the respective actions
oneself. Accordingly, predictions about perceived grasping actions and perceived eye
movements rely on the same motor areas in the brain (Piemo, Becchio, Wall, Smith, Turella,
& Castiello, 2006).
To recapitulate, by attending together, people align their perception with that o f others.
This enhances the chance to detect the same affordances and allows predicting (the time
course of) others’ actions and understanding their goals. Joint attention, hence, establishes a
‘common ground’ between attendees, which facilitates communication and coordination
(Clark, 1996; Sebanz, Bekkering, & Knoblich, 2006).

Taken together, mutual gaze and triadic joint attention underlie the experiential and
conceptual understanding o f others as distinct mental agents and augment social-cognitive
development. Empirical evidence from interactive settings suggests that joint attention
facilitates verbal and non-verbal communication as well as spatial and temporal action
coordination. As I will illustrate in the following section, the mechanisms that underlie effects
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of joint attention in joint action settings are not entirely understood. In particular, little is
known about immediate influences o f joint attention on how co-actors perceive and process
jointly attended events.

How does joint attention affect the processing of jointly attended scenes?
Humans’ preference for eye contact, their susceptibility to follow others’ gaze, and their
unique motivation to initiate gaze following in others act in favour o f implementing joint
attention. Attending together, in turn, positively affects the development o f social skills and
can function as an ‘interaction smoother’ in communication and action coordination (Vesper,
Butterfill, Knoblich, & Sebanz, 2010). Comparably little research has been conducted,
however, on influences o f joint attention on the instantaneous processing o f what is attended
together. While cases o f joint attention can vary in terms o f many parameters o f social
interaction (e.g. type and goal o f the interaction, relation between co-actors, etc.), they all
comprise a crucial instance, namely when all attendees actually direct attention towards one
and the same object or scene, for example in order to act upon it. In this particular moment,
how does joint attention shape the processing o f the jointly attended scene? What are the
immediate consequences o f looking at objects with another person? Addressing this question
may help fïlling the gap between what is known about processes that support joint attention
on the one side and the theoretical and empirical suggestions o f its role in social interaction on
the other side.
Previous research has provided first indications o f immediate effects o f joint attention,
suggesting that joint attention establishes a common ground between attendees by aligning the
co-attendees’ sensory input and increasing the saliency o f the attended objects (see previous
section). However, there is more to joint attention than meets the attendees’ eyes, that is, more
than the object or event that is attended at a given moment. As defined earlier, joint attention
refers to the triadic relationship between the attendees and the attended objects. Hence, a
crucial element in joint attention situations is the co-actor and the relation the co-actor holds
towards the jointly attended object. An open question is whether joint attention, besides
enhancing the saliency o f attended items, also highlights the co-attendee’s relation to these
items. For instance, co-attendees may have different visual-spatial perspectives towards
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jointly attended objects, or they might direct attention to different features o f one and the
same object. Do people consider those relational aspects and does this affect how they
perceive, attend to, and act on jointly attended objects? If this was the case, it might point
towards alignment o f visual input not only in terms o f looking at the same object, , also in
terms o f the relation people hold towards this object.
Let us go back to your friends and the jigsaw puzzle, which begins to reveal, as its
completion progresses, a portrait o f William James. Now assume that one o f your friends is
placed next to you and the other sits on the opposite side while the pieces are spread out in
between the three o f you. The friend who is sitting opposite you holds a different spatial
perspective (thus, a different perceptual relation) towards the spread-out pieces and the yet
unfinished puzzle than you. Hence, what appears upright from your perspective is upside
down for her, and the parts to her left are on your right. Will that affect how you perceive the
evolving picture o f William James? Or does it influence how you spatially arrange the pieces?
Furthermore, the friend who sits next to you has the same perspective, but he may focus
attention on different aspects o f the scene (hence, holding a different attentional relation). For
instance, while you are roughly arranging the pieces according to colour, he is looking for the
one particular part that completes William James’s moustache. Do you keep in mind what
your friend is looking for and does that affect the way you focus attention on the puzzle?
Finally, the three o f you will regularly look at each other. Sometimes you will observe eye
contact between your friends (that is, an attentional relation between them). This might
influence the way you perceive and interpret their subsequent actions.
The present thesis addresses the question o f whether and how joint attention affects
the cognitive processing o f jointly attended events. Three sub-questions in particular will be
investigated. First, do we take a co-attendee’s spatial perspective into account and does this
affect how we process and perform on a jointly attended scene (chapters 2 and 3)? Second, do
we represent what feature o f a jointly attended object another person focuses attention on and
does this affect the way we allocate attention and act ourselves (chapters 4 and 5)? And
finally, how do observed attentional relations between other people (i.e. mutual gaze) affect
our processing o f their subsequent (gaze) behaviour (chapter 6)? Investigating effects o f a coactor’s relation on what is attended together may help to reveal mechanisms that underlie the
beneficial influence o f joint attention on social interaction.
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Another’s perspective
Attendees, while looking at scenes together, often have different visual-spatial perspectives
on the attended scenes. People are capable o f explicitly adopting others’ perspectives and
judging the world from their view. When verbally deseribing pictures, for instance, people
sometimes refer to spatial relations between agents and objects in these pictures from the
perspective o f the depicted agents (e.g. “The bottle is on the left o f the girl”, Tversky and
Hard, 2009). Even when judging objects from our own perspective, we are sensitive to what
others can and cannot see. In tasks in which people needed to specify amounts o f objects,
another’s perspective interfered with theirs when the other saw a different amount o f objects
(Samson, Apperly, Braithwaite, Andrews, & Scott, 2010). This finding points towards rapid
and effortless computations o f what others perceive, an ability that might be essential for
predicting others’ actions (Apperly & Butterfïll, 2009). Different spatial perspectives,
however, do not always come with different visual access to scenes or parts o f a scene. How
is object processing affected by another’s different perspective when she looks at the exact
same object? The first part o f this thesis aims to address the question o f how the early
perceptual and later cognitive processing o f scenes is affected by the perspective o f a co-actor.

Another’s focus o f attention
In some instances o f joint attention, co-attendees may differ in regard to the attentional
relation they hold towards attended scenes, that is, which feature o f the scene they are
directing attention to. Previous research suggests that the intentional relations o f co-actors
towards shared environments are co-represented and affect people’s behaviour. For instance,
when acting with or alongside others, stimuli that are relevant for another actor are especially
powerfiil in interfering with participants’ responses to their own stimuli (Atmaca, Knoblich,
& Sebanz, 2011). We take others’ tasks (stimulus-response mappings) into account even
when this is not required to perform our own part o f the task (Sebanz, Knoblich, & Prinz,
2003), and we consider the difficulty o f others’ actions when temporally coordinating our
movements with theirs (Vesper, van der Wel, Knoblich, & Sebanz, 2012). However, it is yet
unknown whether we are also sensitive to the attentional relations between our interaction
partner and the acted-on environment. Do we represent what aspects o f a jointly attended
scene the other focuses attention on and does that affect how we allocate attention to and how
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we process the scene ourselves? This question is addressed in the second part o f the present
thesis.

Attentional relations between others
Finally, perceptual or attentional relations are not merely established between an attendee and
the attended scene, but also between the involved attendees. Numerous studies have shown
that being engaged in an attentional relation with others (e.g. by experiencing mutual eye
contact) affects subsequent perceptual, attentional, and cognitive processes (Senju & Johnson,
2009). When others look at us, their actions are considered more meaningful, as suggested by
findings o f enhanced imitation, leaming, and gaze following afler perceiving eye contact
(Csibra, 2010; Senju & Csibra, 2008; Wang et al., 2010). Some researchers have argued that
eye contact fïinctions as an ostensive cue that signals the relevance o f ensuing (gaze)
behaviours. The last part o f this thesis is concemed with whether people are comparably
sensitive to observing attentional relations (i.e. mutual gaze) between others. Is the mere
observation o f eye contact also perceived and interpreted as a social signal that modulates the
processing o f subsequent actions?

Outline
Five studies investigate whether the way people process and perform on jointly attended
scenes is shaped by their co-attendees’ perceptual and attentional relations towards the scene
or towards other agents.
Chapter 2 addresses whether attending from opposite perspectives makes people give
up their default egocentric view on scenes and adopt a so-called allocentric frame o f reference
that allows processing o f objects not only in relation to oneself, but also in relation to others.
Dyads o f participants performed mental rotation tasks while attending either individually or
jointly from opposite sides. The crucial question is how spatial transformation processes are
affected by a co-actor’s different perspective on stimuli. Additional experiments investigate
the effect o f joint attention from different perspectives in two settings o f social interaction
(cooperation and competition). Finally, the influence o f priming an egocentric versus
allocentric reference frame is examined.
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In chapter 3, effects o f another’s spatial perspective on the processing o f jointly
attended objects are further explored. A study will be introduced in which participants looked
at upright or inverted stimuli either alone, next to a co-attendee (holding the same
perspective),

or

opposite

a

co-attendee

(holding

a

different

perspective)

while

electroencephalographic activity (EEG) was recorded. The main question is whether early
perceptual and later cognitive processing o f attended stimuli are modulated by the other’s
spatial relation towards them.
Chapter 4 is concemed with effects o f a co-attendee’s attentional relation towards
scenes that people attend to and act on jointly. I will outline four experiments that investigated
whether and how a co-actor’s focus o f attention is represented and affects task performance.
Pairs o f participants were sitting next to each other and performed a task in which they either
focused attention on the same or on different aspects o f stimuli. Effects o f the other’s focus o f
attention on task performance were assessed while participants attended to stimuli alone,
jointly, or in parallel.
The mechanisms that underlie the co-representation o f another’s focus o f attention are
further addressed in chapter 5. Findings described in the previous chapter will be extended
by a study in which EEG was recorded while a similar experimental setup was employed.
Effects o f the co-actor’s focus o f attention on components related to early allocation o f
attention, tum-taking, and monitoring response initiation are o f particular interest.
Chapter 6 speaks to effects o f observing attentional relations between others and
assesses whether observed shared attention modulates how subsequent behaviour is processed.
Individual participants classified targets appearing at locations that were either cued or uncued by the gaze o f two agents on the screen. Importantly, these agents had either looked at
each other (shared attention) or looked away from each other (not shared attention) before
providing gaze cues. Is the extent to which participants follow gaze modulated by the
attentional relation between the agents that provide gaze cues?
Finally, the main findings and implications are summarized and discussed in chapter
7.
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Giving a helping hand: How does a co-actor’s
perspective affect cognitive processing and
performance?

This chapter is a modified version o f the foliowing publication:

Böckler, A., Knoblich, G., & Sebanz, N. (2011). Giving a helping hand: Effects o f Effects of
joint attention on mental rotation o f body parts. Experimental Brain Research, 211, 531-545.
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Abstract
Research on joint attention has addressed both the effects o f gaze following and the ability to
share representations. It is largely unknown, however, whether attending jointly also affects
the cognitive processing o f jointly attended objects. This study tested whether attending to
stimuli with another person from opposite perspectives induces a tendency to adopt an
allocentric rather than an egocentric reference frame. Pairs o f participants performed a
handedness task while individually or jointly attending to rotated hand stimuli from opposite
sides. Results revealed a significant flattening o f the performance rotation curve when
participants attended jointly (Experiment 1). The effect o f joint attention was robust to
manipulations o f social interaction (cooperation versus competition, Experiment 2), but was
modulated by the extent to which an allocentric reference frame was primed (Experiment 3).
Thus, attending to objects together from opposite perspectives makes people adopt an
allocentric rather than the default egocentric reference frame and shapes the cognitive
processing o f jointly attended objects.
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Introduction
Engaging in joint attention is at the heart o f social interaction, be it leaming about objects
from others (Csibra & Gergely, 2009), coordinating interpersonal actions (Krych & Clark,
2004; Richardson & Dale, 2005; Sebanz et al., 2006), or figuring out what others have in
mind (Baron-Cohen, 1991). Two aspects o f attending together have predominantly been
addressed in previous research. First, research on gaze following has been concemed with
bottom-up, perceptual influences o f joint attention. It has been shown that other people’s gaze
automatically draws our attention towards the attended to location, providing a perceptual
benefit for this location (Driver et al., 1999; Ristic et al., 2002; for a review, see Frischen et
al., 2007).
Second, joint attention research has addressed the role o f shared representations.
During joint attention, a triadic relationship is formed, including the attendees, the attended
object as well as the knowledge that the respective other is attending to the same object as
oneself. Engaging in joint attention with others was found to enhance infants’ focus on
relevant aspects o f the environment (Striano et al., 2006) and is thought to play a crucial role
in the development o f imitation, social cognition, and language (Barresi & Moore, 1996;
Hobson, 2002; Tomasello et al., 2005).
Only recently, studies have started to explore how joint attention influences stimulus
processing in adults (Richardson et al., 2009) and, in particular, how differences in
perspective modulate perception. Does attending to an object from different perspectives
influence how we perceive that object? Given that people normally process objects from their
own perspective, within an egocentric reference frame (Klatzky, 1998), another’s attention
from a different perspective may induce a switch to an allocentric perspective, where objects
can be more easily processed in relation to the other’s body.
There are some indications in the literature that people spontaneously consult the
perspective o f others. In a series o f experiments by Samson and colleagues (2010),
participants judged the amount o f dots on virtual walls from either their own perspective or
from the perspective o f an avatar present in the scene. When participants judged how many
dots they saw themselves, the avatar’s perspective interfered with their own, demonstrated by
slower responses when the avatar saw a different amount o f dots. The process underlying this
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effect was suggested to be a rapid, efficient computation o f the avatar’s perspective. Thus,
when confronted with someone else having a different perspective, participants had
difficulties maintaining their purely egocentric view o f the scene.
Findings by Tversky and Flard (2009) suggest that another’s perspective also affects
judgments about the spatial confïguration o f objects. When participants were asked to
describe spatial relations between objects in a picture, they showed a tendency to report the
scene from the perspective o f the person in the picture, especially when the question about the
objects referred to object use (Tversky & Flard, 2009). The authors claimed that although an
egocentric perspective constitutes the default frame o f reference, spatial perspective taking
occurs and “in some situations, taking the other’s perspective appears to be more natural and
spontaneous than taking one’s own” (pp. 129). Flowever, this study relied on verbal
descriptions and it is unclear whether such modulations o f perspective would manifest
themselves in tasks that do not involve language use.
The aim o f the present study was to investigate whether joint attention from different
perspectives modulates the reference frame that people adopt to process objects. Spatial
characteristics o f an object are usually encoded with respect to a reference frame. Reference
frames can be egocentric, where objects are encoded relative to the perceiver, or allocentric,
where objects are encoded relative to the environment rather than the perceiver (Klatzky,
1998; Soechting & Flanders 1992; Volcic & Kappers, 2008). We employed a rotation task
that required gradual mental transformations o f hands. This allowed us to measure differential
effects o f different perspectives, other than in previous studies where binary responses were
collected (‘left’ versus ‘right’ in Tversky & Flard, 2009; ‘yes’ versus ‘no’ when amount of
dots was either the same or different in Samson et al., 2010). We predicted that jointly
looking at the same stimuli from different spatial perspectives would lead people to adopt an
allocentric reference frame, where objects can be encoded relative to the environment or,
respectively, to another person. This should be reflected in differential effects on mental
rotation, depending on the degree o f rotation.
A further question that remains unanswered by earlier studies is whether the mere
presence o f another individual is sufficiënt to make people consider another’s perspective, or
whether sharing attention plays a critical role. In order to address this question, we
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manipulated whether attention was shared or not while keeping the physical presence o f the
other person constant.
Participants were sitting opposite each other while attending to objects on a flat screen
placed in between them. Attending alone or together, they performed a rotation task in which
two pictures o f hands were presented in succession, the second picture being rotated
(handedness task). Using different angles o f rotation allows to get a parametric estimate of
how participants perform mental transformations when attending to the same stimuli alone or
together.
When handedness is judged by mentally transforming hand pictures, reaction times
(RTs) are typically found to increase with the difference in orientation between the hand
picture and participants’ own hand (Parsons, 1987; 1994; 1995). Furthermore, RTs depend on
the awkwardness o f the depicted hand posture, suggesting that participants use motor imagery
whereby they imagine the movement o f their own hand to match the orientation depicted by
the hand picture (de Lange, Helmich, & Toni, 2006; Kosslyn, Thompson, Wraga, & Alpert,
2001 ).

Performing rotations o f body parts based on motor imagery involves an egocentric
reference frame. However, mental transformation processes o f body parts can also be
performed within an allocentric reference frame. This allows for body parts to be processed in
relation to others’ bodies. It has been suggested that such transformations do not involve
motor imagery o f the depicted body parts, but are accomplished by mentally mapping the
body parts onto a body axis (head-feet, left-right; see Lakoff & Johnson, 1999; Amorim,
Isableu, & Jarraya, 2006).
If joint attention leads participants to adopt an allocentric rather than an egocentric
reference frame, this should be reflected in differential effects on mental rotation, depending
on the degree o f rotation. In particular, the rotation curve in the joint attention condition
should be flattened. Participants should become faster for large rotation angles if largely
rotated hand pictures are processed within an allocentric reference frame, where the hands can
be mapped onto the other’s body axis.
Altematively, another person’s attention may increase the saliency o f stimuli overall
or it may increase participants’ motivation. This should be reflected in a general effect, e.g., in
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an overall improvement o f performance in the joint attention condition. Slopes o f the rotationperformance curves should not be affected and slopes should remain parallel.
These predictions were tested in Experiment 1. In two further experiments, we
investigated whether the joint attention effect is modulated by social context (cooperation
versus competition, Experiment 2) and by the degree to which the preceding trial primed the
other’s perspective (Experiment 3).

Experiment 1
This experiment investigated whether engaging in joint attention from different spatial
perspectives leads participants to adopt an allocentric reference frame.

Mcthods
Participants. 13 pairs o f undergraduate students (mean age 20.6 years; 18 female; 22 right
handed) participated in the experiment and received course credits or payment for their
participation. They were fellow students or friends. All o f them reported normal or correctedto-normal vision and signed informed consent prior to the experiment.

Stimuli and Procedure. Participants were tested in same-sex pairs and were seated at opposite
sides o f a table (see Figure 1). In between them was a 17-in TFT monitor that was fïxed to the
table so that the screen faced the ceiling. The viewing distance to the monitor was 70 cm.
Ambient light was kept at a constant level.
Each trial started with the presentation o f a tone (900 Hz) presented for 100 ms (see
Figure 1). This tone cued the participants to open their eyes and to look at each other. 1500
ms later, one o f three tones appeared together with a fixation cross (size 0.8° visual angle,
presented in the centre o f the screen). A 400 Hz tone indicated that it was participant A ’s turn
to perform the subsequent mental rotation task (and participant B ’s turn to close the eyes). A
1400 Hz tone signalled that it was B ’s turn (A closing the eyes). A 900 Hz tone indicated that
both participants should attend to the screen and perform the subsequent mental rotation task.
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In the mental rotation task, participants saw two subsequent pictures o f hands. They
were instructed to indicate whether or not the second picture depicted the same hand as the
initial picture (e.g. right hand when the initial picture also depicted a right hand versus lelt
hand when the initial picture depicted a right hand). The initial hand picture always showed a
right hand. The first picture was shown 1500 ms after the tone indicating whose turn it was
and was presented for 700 ms. 300 ms later, the second hand stimulus appeared until
participants’ responses were recorded, thereby not exceeding 4000 ms. An intertrial interval
o f 500 ms was employed after the response. Stimuli o f the rotation task consisted o f one
photograph o f a female hand (height: 14.7° visual angle, width: 9.0° visual angle). The hand
was always shown with palms pointing downwards. This photograph had been edited with the
software Photoshop CS3 Extended (version 10.0.1, 2007) in order to create identical pictures
o f a right and a left hand.
The initial hand picture o f the rotation task was presented either from the first person
perspective o f participant A (rotation level 0°) (implying that participant B saw the hand from
a third person perspective/rotation level 180°) or from the first person perspective of
participant B (implying that A saw the hand from a third person perspective). The second
stimulus showed a picture o f a hand that was rotated relative to the first hand by 0°, 30°, 60°,
90°, 120°, 150°, 180°, 210°, 240°, 270°, 300°, 330°, or 360°.
Participants were asked to respond as fast and as accurately as possible to the
appearance o f the second hand picture by pressing one o f two keys with their index and
middle fingers o f the right hand. Responses were collected using two keyboards with two
horizontally arranged active keys each (‘W ’ and ‘R ’ for participant A, and ‘3 ’ and ‘5’ for
participant B). In order to prevent subjects from using the sight o f their own hands as cues for
the rotation task, carton boxes were placed above participants’ hands. These boxes also
prevented participants from observing each other’s responses.
Ten experimental blocks followed two practice blocks. Each block consisted o f 42
trials and was followed by a short rest. Trials were randomised within blocks. The assignment
o f stimuli (same versus different hand) to responses (index versus middle finger) was
counterbalanced across subjects. After the session, participants were debriefed.
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Debriefmg. During debriefing, participants were asked whether they thought the other’s
attention influenced the way they solved the task or their performance. They were then asked
to attempt to guess in which way they thought that the other’s attention had affected their
behaviour.

Figure 1: A: Schematic drawing of the experimental setting. Two people were sitting opposite each
other with a flat screen in between them. Both of them responded by pressing keys with their right
hand. Both participants placed their left hand under the table. Each participant’s right hand was hidden
inside a box. B: Sequence of events on each trial.

Design. A 2 (attention condition) x 7 (rotation) factorial within-subject design was employed.
Participants performed one third o f the trials alone (single attention trials) and one third
simultaneously with the other participant (joint attention trials). On the remaining third o f the
trials, their eyes were closed (single attention trials o f the respective other participant). Thus,
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50% o f the responses came from single attention trials and 50% from joint attention trials.
Rotations to the left and to the right side were considered equivalent. As a consequence, there
were 7 different levels o f rotation: no rotation (0° and 360°), level 1 (30° and 330°), level 2
(60° and 300°), level 3 (90° and 270°), level 4 (120° and 240°), level 5 (150° and 210°), and
level 6 (180°).
Data analysis. In order to assess the effect o f joint attention on the mental rotation pattem, we
compared intercepts and slopes o f the rotation curves o f the single and joint attention
condition (for analysis o f slopes in mental rotation tasks, see Shepard & Metzler, 1971;
Cooper, 1975; Amorim et al., 2006). To this end, two linear regression equations were
calculated for each participant (see Lorch & Myers, 1990, Method 3; for a review, see Fias,
Brysbaert, Geypens, & d'Ydewall, 1996); one for the single condition and one for the joint
attention condition. Angle o f rotation served as predictor variable, RTs and errors as
dependent variables. Intercepts (indicating response times for non-rotated stimuli) and slopes
(reflecting the time taken for rotation processes; see Just & Carpenter, 1985) for the single
and the joint attention condition were compared with t-tests. By means o f this method, the
rotation effect can be judged as a main effect and can be quantified in size (slope).
We focused on trials in which the initial hand picture was seen from a first person
perspective ( l st PP trials). It can be assumed that in these trials, an egocentric reference frame
is taken by default (Klatzky, 1998; Tversky & Hard, 2009). Thus, these trials allow one to test
whether joint attention leads to a change from an egocentric to an allocentric reference frame.
In contrast, it is unlikely that participants would adopt an egocentric reference frame when
seeing the first hand picture rotated by 180 deg (3rd PP trials; see Saxe, Jamal, & Powell, 2006;
Vogeley & Fink, 2003). Therefore, these trials are unsuitable for testing whether joint
attention leads to changes from an egocentric to an allocentric reference frame. Note that
showing the initial hand picture from a third person perspective in 50% o f the trials was
necessary to collect data from both participants who sat opposite each other.
Therefore, the main analyses only included trials for each participant in which the
initial hand picture was seen from a first person perspective. In an additional analysis o f l st PP
trials, data points o f the 180° rotation condition were excluded in order to assess whether the
pattem o f results holds without these data points. If participants in the 180° condition o f the
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rotation tasks applied flipping strategies (flipping the picture along its horizontal axis), one
should see a ‘dip’ in the performance rotation curve when stimuli are rotated by 180 degree
(Cooper & Shepard, 1973b).
Third person perspective trials (3rd PP trials) were analyzed separately. Assuming that
participants adopt an allocentric reference frame in 3rd PP trials, no firm predictions can be
made regarding differences between the individual condition and the joint attention condition.
The reason is that using an allocentric reference frame should allow a participant to flexibly
map different stimuli along their own body axis or along the other’s body axis.
All analyses included both trials in which both pictures depicted the same hand (first:
right hand; second: right hand) and trials in which the two pictures depicted different hands
(first: right hand; second: left hand).

Results
Four participants were excluded due to error rates that were more than two SDs above average
(8%). The remaining 22 participants had a mean age o f 20.9 years (13 female; 18 righthanded).
Reaction times. Only trials with correct responses were included in the analysis. We found the
typical mental rotation pattem, that is, an increase o f RTs with increasing angle o f rotation
(slope tested against zero) [t{21) = 7.6, p < .001], The comparison o f slopes for the single and
the joint attention condition revealed a significant difference. Slopes were considerably flatter
when both participant were jointly attending [t(21) = 3.7, p < .001; see Figure 2]. Intercepts
differed significantly (7(21) = 3.4, p < .01]. Participants were slower at processing non-rotated
stimuli in the joint attention condition compared to the single attention condition.

Error rates. Error rates increased significantly with increasing rotation [f(21) = 7.0, p < .001].
No effect o f attention on slopes was present in error rates (X21) < 1], nor was there any effect
on intercepts [<(21) < 1],

Debriefing. Participants indicated that they thought their behaviour and their performance
had not been affected by the other’s attention. When asked to guess in which way their
performance might have been different in the joint attention condition, approximately half o f
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the participants indicated that they thought attending together had made them faster, whereas
the other half o f participants guessed that attending together had made them slower overall.

D egree o f R o ta tio n

Figure 2: Reaction times and linear fits for l st PP trials in both attention conditions of Experiment 1.
The single attention condition is depicted in grey (squares), the joint attention condition in black
(triangles). The trend line for the single condition is depicted in grey, R2 = .99. The trend line for the
joint attention condition is shown in black, R2 = .95.

Exclusion o f 180° data: All findings held when data at the 180° level were excluded from the
analysis. RTs increased significantly with increasing angle o f rotation [/f21) = 8.4, p < .001],
while slopes were flattened in the joint attention condition [?(21) = 2.6, p < .05]. Intercepts
differed significantly (7(21) = 3.2, p < .01]
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Additional analysis including 3rd PP trials: A 2 x 2 ANOVA with the factors Perspective o f
first hand picture and Attention showed a significant main effect o f the factor Perspective o f
first hand picture [RTs: F( 1, 21) = 43.0, p < .001; errors: F( 1, 21) = 23.3,p < .001] on slopes.
This was due to the fact that the rotation curve was nearly flat in trials in which the first hand
picture was shown from a third person perspective [RTs and errors: /s(21) < 1; see Figure 3],
However, as can be seen in Figure 3, RTs on 0 degree trials were faster than RTs on other
trials (0 degree contrasted with all other degrees: [F{ 1, 21) = 15.8, p < .01]). When 0 degree
was excluded from the analysis, slopes o f the rotation curves were still not different from zero
[*(21) < 1]. Importantly, there was a significant two-way interaction o f Attention and
Perspective o f first hand in RTs [F (l, 21) = 8.1, p < .01]. This was due to the fact that
Attention afifected only l st PP trials, but not 3rd PP trials [?(21) < 1]. There was no general
difference in RTs between joint and single attention trials [/s(21) < 1], Error rates were
significantly higher when the initial hand picture was seen from a third person view [t(2\) =
3.1,/? < .01] as compared to a first person view.

Discussion
The results o f Experiment 1 showed increasing RTs and error rates with increasing hand
rotation. Most importantly, the results confirmed our prediction that jointly attending to
stimuli from different perspectives modulates the processing o f these stimuli. The rotation
curve was flattened when two people jointly attended to the same stimuli, as performance in
‘easy’ trials (small angles o f rotation) was slowed down compared to the single attention
condition, while responses were faster in ‘difficult’ trials (larger angles o f rotation). Thus, the
other’s attention had a differential effect on the levels o f rotation: the more the stimulus was
tumed towards the other person the more participants benefitted from joint attention. The
same pattem o f results was found when data o f the 180° rotation condition was excluded.
Participants did not seem to strategically flip the stimulus when it was rotated by 180 degree.
The results suggest that when attending jointly from different points o f view,
participants may have suspended their egocentric reference frame and adopted an allocentric
reference frame. This implies a transformation process whereby the rotated hand is processed
by making use o f the other’s body axis (Tversky, 2005).
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Figure 3: Reaction times for 3Id PP trials in both attention conditions in Experiment 1 and 2. Upper
Graph: Experiment 1. Lower Left'. Cooperation group. Lower Right: Competition group. The single
attention condition is depicted in grey (squares), the joint attention condition in black (triangles).
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Mapping the depicted hand onto the other’s body axis is beneficial in high rotation angles
where the hand is seen upside down and easily fits the other’s body orientation. This explains
why RTs for higher angles o f rotation were faster in the joint attention condition than in the
single attention condition, where participants likely used motor imagery from an egocentric
perspective. Joint attention, thus, may provide a benefit for stimuli rotated towards the other
person.
We also found that participants were slower for smaller rotation angles in the joint
attention condition compared to the single attention condition. This may indicate interference
between the egocentric reference frame and the allocentric reference frame primed through
joint attention. When a hand is not rotated or only slightly rotated, motor imagery, which may
constitute the default (Parsons, 1994), is easily accomplished because the hand looks as if it
belonged to one’s own body. In joint attention trials, however, mapping hand stimuli onto the
other’s body axis might interfere with motor imagery at these small rotation angles, leading to
an increase o f RTs. This interpretation is consistent with the claim that body parts can be
spatially transformed by means o f two different transformation processes, namely by motor
imagery and by mapping stimuli onto a body-axis (Amorim et al., 2006). Taken together, the
present results are in line with the interpretation o f a switch from an ego- to an allocentric
reference frame in joint attention trials.
The results provide evidence that joint attention, but not the mere presence o f another
person, triggered a switch from an egocentric to an allocentric perspective. A co-actor’s
attention to the same location may highlight the co-actor’s perspective and thereby change the
reference frame that is used for spatial processing. This extends earlier findings showing that
differences in perspective affect stimulus processing and verbal descriptions o f visual scenes
(Samson et al., 2010; Tversky & Hard, 2009).
Results o f the debriefïng session provided no indication that participants were aware
o f any change in behaviour or performance. This speaks against deliberate use o f perspective
taking strategies and suggests that people can rather effortlessly switch from an egocentric
reference frame to an allocentric reference frame. Nonetheless, the task context may modulate
the extent to which the other’s perspective is taken into account. If the task context calls for
‘fading out’ the other, it could be possible that the influence o f the other’s perspective

36

Chapter 2 - Perspective & Mental Transformations
declines, or, vice versa, that it increases when the context demands focusing on the other. This
was tested in Experiment 2.

3rd PP trials. In 3rd PP trials (where the initial hand picture was rotated by 180 degree), no
systematic relation between degrees o f rotation and RTs was found, except for faster
responses to pictures showing the same degree o f rotation as the initial hand. This suggests
that beyond 0 degree trials (which may have been faster due to a perceptual benefit o f seeing
the same position twice), participants neither selectively engaged in mentally aligning all
second hand picture with the initial hand picture (180 degree), nor in aligning them with their
own hand (0 degree). Presenting initial hands in a third person perspective may have primed
participants to adopt an allocentric reference frame (note that stimuli seen from a third person
perspective are often referred to as ‘allocentric’; e.g., see Saxe et al., 2006; Vogeley & Fink,
2003). While the initial hand (rotated by 180 degree) highlighted the other’s body axis, the
second hand highlighted participant’s own body axis, especially when there were large
rotations relative to the initial hand. This might have elicited a parallel mapping o f the second
hand onto the other’s body axis and the participant’s own body axis. The results are in line
with this assumption because participants never completely ignored the other’s body frame,
even when performing trials where the second hand picture was fully aligned with their own
body (180 degrees). Accordingly, responses in these trials were quite slow in 3rd PP trials
(904 ms) as compared to 1st PP trials (734 ms). At the same time, participants never neglected
their own body frame, as noticeable in slower responses to no-rotation trials in 3rd PP trials
(836 ms) as compared to l st PP trials (734 ms).
Given that participants in 3rd PP trials did not adopt an egocentric reference frame to begin
with, joint attention could not further modulate the mental transformations employed to solve
the task.

Experiment 2
The aim o f Experiment 2 was to investigate whether task context modulates the influence o f
the co-actor’s perspective on mental transformation. Recent evidence suggests that in
competitive situations, participants focus on their own performance and ignore their co-actor.
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Bekkering and colleagues found that participants processed their partner’s errors like their
own only in a cooperative, but not in a competitive setting (Bekkering, de Bruijn, Cuipers,
Newman-Norlund, van Schie, & Meulenbroek, 2009). Although error processing is thought
to occur early and automatically, the social setting modulated how other people’s errors were
processed. We manipulated social context in order to test whether the effect o f joint attention
observed in Experiment 1 is sensitive to the type o f social interaction participants are engaged
in. I f the tendency to adopt an allocentric reference frame depends on social context, the effect
o f the other’s perspective should be more pronounced in one o f the two settings. If, by
contrast, the effect o f joint attention is immune to social context, it should be found in both a
competitive and a cooperative setting.

Methods
Participants: 26 same-sex pairs o f undergraduate students participated in the experiment and
received course credits or payment for participation. They were fellow students or friends and
were randomly assigned to the two social context groups (13 pairs participated in the
competition condition, 13 pairs in the cooperation condition). There were no differences in
mean age, gender, and handedness between groups (cooperation group: 21 female; mean age:
21.0; 3 left handed; competition group: 20 female; mean age: 21.6; 4 left handed). All o f them
reported normal or corrected-to-normal vision and signed informed consent prior to the
experiment.

Stimuli & Procedure: see Experiment 1

Design: The design was the same as in Experiment 1, with the additional between-subject
factor Type o f social interaction. Participants in the competition group were informed that the
person with faster reaction times and fewer errors would be paid an extra 5 Euros. Participants
in the cooperation group were playing together against other pairs. Participants were informed
that pairs that performed better than 50% o f all other pairs would be paid an extra 5 Euros for
each person. Thus, the chance o f getting 5 Euros extra was as high in the competition group
as in the cooperation group. To further emphasize individuality versus group belongingness,
colours were assigned to either participants or groups (Patterson & Bigler, 2007). Each
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participant in the competition group was assigned a different colour and so was each group in
the cooperation condition.

Data analysis. The data were analysed in the same way as in Experiment 1 (analysis o f slopes
and intercepts o f the rotation curves with the factor attention condition). A 2 x 2 ANOVA
with the between-subject factor Type o f social interaction and the within-subject factor
Attention was performed. As in Experiment 1, the main analyses included only l st PP trials.
Additional analyses were performed on the 1st PP data without the 180° rotation condition and
separately on 3rd PP trials.

Results
Two participants in the cooperation condition and four participants in the competition
condition were excluded due to error rates that were more than two SDs above average.
Reaction times. RTs increased significantly with increasing rotation [t(A5) = 9.4, p < .001, see
Figure 4]. There was a significant difference between slopes in the single and the joint
attention condition. Overall, slopes were flatter when the other participant was attending as
well [F (l, 45) = 11.2, p < .01]. There was no main effect o f Type o f social interaction [F(l,
45) < 1] and no significant two-way interaction o f Attention and Type o f social interaction
[F (l, 45) < 1], Intercepts were significantly smaller in the competition condition than in the
cooperation condition [F (l, 45) = 4.5, p < .05]. and were marginally higher in the joint
attention condition than in the single attention condition fF (l, 45) = 3.4, p = .07]. There was
no significant two-way interaction o f Attention and Type o f social interaction [F( 1, 45) < 1].

Error rates. Errors rates increased significantly with increasing level o f rotation [7(45) = 3.7,
p < .01]. No effect o f Attention or Type o f social interaction on slopes was present in error
rates [Fs(l, 45) < 1]. Intercepts were not affected by any o f the factors [Fs( 1, 45) < 1],

Exclusion o f 180° data: All findings held when data at the 180° level were excluded from the
analysis. RT increased significantly with increasing angle o f rotation (7(45) = 8.8, p < .001]
and slopes were significantly flatter in the joint attention condition [/(45) = 2.1 ,p < .05].

39

Chapter 2 - Perspective & Mental Transformations

Cooperation

Competition

Degrec o f R o ta tio n
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Figure 4\ Reaction times and linear fits for l st PP trials in both attention conditions of Experiment 2.
Left: Cooperation group. Right'. Competition group. The single attention condition is depicted in grey
(squares), the joint attention condition in black (triangles). The linear trend line for the single
condition is depicted in grey, R2 = .99 in the cooperation group and R2 = .98 in the competition group.
The linear trend line for the joint condition is shown in black, R2 = .95 in the cooperation group and R2
= .97 in the competition group.

There was no main effect o f Type o f social interaction [F{ 1, 45) < 1] and no significant twoway interaction o f Attention and Type o f social interaction [F (l, 45) < 1]. Intercepts were
significantly smaller in the competition compared to the cooperation condition [F (l, 45) = 3.5,
p < .05]. Intercepts did not differ between attention conditions [F (l, 45) < 1]. There was no
significant two-way interaction of Attention and Type o f social interaction [F (l, 45) < 1].
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Additional analysis including 3r PP trials: A 2 x 2 x 2 ANOVA with the factors Perspective
o f first hand picture, Attention, and Type o f social interaction showed a significant main
effect o f the factor Perspective o f first hand picture [RTs: F{ 1, 45) = 9.7, p < .01; errors: F( 1,
21) = 7.3,

< .01] on slopes. This was due to the fact that the rotation curve was nearly flat in

trials in which the first hand picture was shown from a third person perspective [RTs and
errors: ts(45) < 1]. RTs were marginally faster on 0 degree trials than on trials including
rotations (contrast between 0 degree and all later degrees: [F (1, 45) = 2.9, p = .09]. When 0
degree was excluded from the analysis, slopes were still flat [fë (45) < 1] (see Figure 3 for 3rd
PP trials in Experiments 1 and 2).
There was a significant two-way interaction o f Attention and Perspective o f first hand in RTs
\F( 1, 45) = 4.1, p < .05], This was due to the fact that Attention affected only l st PP trials, but
not 3rd PP trials [/(45) = 1.2, p = .23]. Participants were faster in joint attention trials as
compared to individual attention trials in the competition group [X21) = 2.5, p < .05], but not
in the cooperation group [Z(23) < 1],

Cooperation only
Reaction times. Increasing angles o f rotation elicited an increase in RTs [t{23) = 8.4, p < .001].
We found a significant difference between slopes in the single and the joint attention
condition; slopes were flatter when the other participant was attending as well [/(23) = 2.5, p
< .05]. Intercepts were not affected by Attention [/(23) = 1.5, p = .14].
Error rates. Mean error rates were 7.1%. Error rates increased with increasing angle o f
rotation [t{23) = 3.5, p < .01], No effect o f Attention on slopes was present in error rates [7(23)
< 1]. There were no effects on intercepts [/(23) < 1],

Competition only
Reaction times. Increasing angles ofrotation elicited an increase ofR T s [t{21) = 5.7, p < .001].
We found a significant difference between slopes in the single and the joint attention
condition; slopes were significantly flatter when the other participant was attending as well
M21) = 2.2, p < .05], Analysis o f intercepts revealed no significant differences [t{2\) = 1, p
= .33],
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Error rates. Mean error rate was 8,6%. Error rates increased with increasing angle o f rotation
« 2 1 ) = 4,9, p < .001]. No effect of Attention on slopes was present in error rates [/(21) - 1.5,
p > .1], Intercepts were not influenced by attention [7(21) < 1],

Discussion
The results replicate the main finding o f Experiment 1. When both participants attended
jointly, slopes reflecting the relation between RTs and angle o f rotation were flatter than when
participants attended alone. The more stimuli were rotated towards the co-attending person,
the more participants benefïtted from the other’s attention. The joint attention effect held
when trials o f the 180° rotation condition were excluded from the analysis.
The aim o f the present experiment was to examine whether social context modulates
this effect. We found that the slope o f the rotation curve in the joint condition was flattened in
both the cooperative and the competitive setting and that there was no interaction o f group
and attention condition. Thus, the type o f social interaction between participants did not
change the effect o f the other’s attention. Even when the social context called for
concentrating on one’s own performance (competition group), participants could not help
taking the other’s perspective into account. This suggests that joint attention in both social
contexts led participants to adopt an allocentric frame o f reference.
However, social setting affected general performance. Participants in the cooperation
group were generally slower than participants in the competition group. Competing against
each other led to faster RTs than collaborating, suggesting that participants complied with the
instructions.
Contrary to Experiment 1, intercepts for the single and the joint attention condition
only differed marginally in Experiment 2. Thus, although participants benefïted from the
other’s attention when stimuli were rotated towards the other, responses were not slowed
down as much by the other’s attention on non-rotated stimuli. This finding may suggest that
participants were highly focused on speeding up their responses because speed was rewarded
in both groups. As the non-rotated stimuli were the easiest ones, they were the obvious
candidates for speeding-up without making more errors. The attempt to respond as fast as
possible might have prevented responses to non-rotated stimuli from being slowed down by
the other’s attention.
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Taken together, the effect o f joint attention on mental rotation first observed in a
neutral setting seems quite robust as the effect o f joint attention on larger angles o f rotation
could be replicated in both a competitive and a cooperative setting. Joint attention, hence,
leads participants to adopt an allocentric reference frame.

3rd PP trials. As in Experiment 1, no systematic relation between degrees o f rotation and RTs
was found in 3rd PP trials and except for faster responses in 0 degree trials performance curves
were rather flat. Presenting initial hands in a third person perspective may have primed
participants to adopt an allocentric reference frame. As in the previous experiment,
participants may have mapped stimuli in parallel onto their own and the other’s body axis.
This would explain why, again, participants did not speed up when the second hand fit their
own body posture, and were slower to respond to 0 degree trials in 3rd PP condition than in
the l st PP condition.

As for l st PP trials, participants were significantly faster in joint

attention trials compared to single attention trials in the competitive setting, implying that
participants followed the instructions.

Experiment 3
The third experiment aimed at clarifying the mechanisms underlying the effect o f joint
attention on the slope o f the rotation curve. The flattening o f the rotation curve in the joint
condition can be explained by assuming that joint attention leads participants to abandon their
egocentric reference frame and to adopt an allocentric reference frame in order to transform
the hand picture. The task we employed may have primed an allocentric perspective because
in half o f the trials, the initial hand picture was seen from the other’s first person perspective
(implying a third person perspective for the participant).
This raises the question o f whether effects o f the other’s attention are stronger after
priming an allocentric frame o f reference. Previously, it has been reported that some brain
areas have a preference for processing allocentric over egocentric views o f bodies (Chan,
Peelen, & Downing, 2004) and body parts (Saxe et al., 2006). Seeing a hand from a third
person perspective may prime a tendency towards interpreting stimuli within an allocentric
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reference frame. Are people more prone to taking the co-actor’s perspective into account after
seeing a hand picture displayed from a third person, allocentric view?
To keep the task as similar as possible to the two previous experiments, we
manipulated the perspective o f the initial hand picture in a given trial (first person vs. third
person; see Figure 5) and studied how this affected performance on subsequent trials. The
underlying logic o f manipulating the orientation o f the initial picture on a trial and studying
the effect on a subsequent trial is as follows. I f the initial hand picture were always seen from
one’s own perspective, there would be no reference to the other’s perspective at all. In
contrast, if the initial hand picture were always seen from the other’s perspective, there would
be a strong emphasis on the difference in perspectives. Thus, varying the orientation o f the
initial hand picture in the preceding trial is an effective way o f manipulating the reference to
the other’s perspective and o f priming an allocentric reference frame.
If an allocentric perspective can be primed, seeing the initial hand picture in the
preceding trial from a third person view should enhance the joint attention effect. In contrast,
seeing the initial picture from one’s own perspective should lead to a reduced joint attention
effect in the subsequent trial.

Methods
Participants: 22 undergraduate students (mean age 22 years; 17 female; 2 left handed)
participated in the experiment and received course credits or payment for participation. All o f
them reported normal or corrected-to-normal vision and signed informed consent prior to the
experiment.

Stimuli & Procedure: These were the same as in Experiment 1, except that participants were
assigned to a confederate.

Design: This was the same as in Experiment 1, with the following exception. In order to
investigate the effect o f initial hand perspective in the directly preceding trial, the orientation
o f the initial hand was manipulated and participants’ responses in the subsequent trial were
analyzed (see Figure 5). In the trials directly following the ‘orientation-manipulation-trials’,
the initial hand picture was always seen from the participant’s first person perspective, as only
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this condition was o f interest for the analysis. We employed a 2 (Orientation in preceding trial)
x 2 (Attention condition) factorial design and analyzed slopes and intercepts.

Previous trial lst PP

reference hand

rotated hand

reference hand

Trial n - 1 (p rev io u s tr ia l)

rotated hand

Trial n

Previous trial 3rd PP

m/

J(/r
reference hand

rotated hancl

reference hand

T rial n - 1 (p rev io u s trial)

rotated hand

T ria ln

Figure 5\ Upper graph: Schematic illustration of two subsequent trials where participants saw the first
stimulus of the pair in the preceding trial from a first person perspective (leftmost picture). Lower
graph: Schematic drawing of two subsequent trials where participants saw the first stimulus of the pair
in the preceding trial from a third person perspective (leftmost picture).

Results
One participant was excluded due to error rates that were more than two SDs above the
average (8%).
Reaction times. Overall, there was a significant increase o f RTs with increasing level o f
rotation [7(20) = 8.6, p < .001]. No main effects of Orientation o f preceding trial [F (l, 20) =
2.9, p > .1] or Attention [F (l, 20) < 1] were found. However, there was a significant two-way
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interaction o f Attention and Orientation o f preceding trial [F (l, 20) = 8.7, p < .01]. This was
due to a significant flattening o f the slope in the joint attention condition when the preceding
trial showed the initial hand picture from a third person perspective [/(20) = 2.3, p < .05] and
no such effect when the preceding trial showed the initial hand picture from a first person
perspective [^(20) = 1.4, p > .1; see Figure 6],
Analysis o f intercepts did not reveal a significant main effect o f Orientation o f
preceding trial [F( 1, 20) < 1]. Attention had a marginally significant effect on intercepts \F( 1,
20) = 4.0, p = .058], due to faster responses to non-rotated stimuli in the single attention
condition. The two-way interaction was significant [F (l, 20) = 4.8, p < .05]. RTs were slower
in the joint condition when the preceding trial showed the initial hand picture from a third
person perspective (X20) = 3.0, p < .01], RTs were unaffected when the preceding trial
showed the initial hand picture from a first person perspective [t(20) < 1],

Error rates. Error rates increased with increasing rotation [7(20) = 6.1, p < .001]. No effect o f
Attention or Orientation o f preceding trial on slopes was present in error rates [rs(20) < 1],
Intercepts were not significantly affected by Orientation o f preceding trial [F (l, 20) = 1.5, p

= .25] o rb y Attention [F (l, 20) < 1], nor was there a significant interaction \F( 1, 20) < 1].

Exclusion o f 180° data: RTs increased significantly with increasing angle o f rotation [<(20) =
9.9, p < .001]. The factors Orientation o f preceding trial [F (l, 20) = 1.3, p = .26] and
Attention condition [F (l, 20) = 2.0, p = .18] were not significant. Slopes were flattened in the
joint attention condition following 3rd PP trials [<(20) = 2.3, p < .05], but not following l st PP
trials [/(20) < 1], as reflected in a two-way interaction o f Attention and Orientation o f
preceding trial [F (l, 20) = 4.5, p < .05], Attention condition [F(1, 20) = 1.3, p = .27] and
Orientation o f preceding trial [F (l, 20) = 1.5, p = .23] did not affcct intercepts. The two-way
interaction was not significant [F (l, 20) = 2.7, p = .12], as RTs in the joint condition were
only marginally faster when the preceding trial showed the initial hand picture from a third
person perspective [/(20) = 2.1,/? = .058] as compared to no effect when the preceding trial
showed the initial hand picture from a first person perspective [/(20) < 1],
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Figure 6: Reaction times and linear fits for both attention conditions in Experiment 3. Left: Preceding
trial showed first hand picture from the first person perspective. Right: Preceding trial showed first
hand picture fiom the third person perspective. The single attention condition is depicted in grey
(squares), the joint attention condition in black (triangles). The linear trend line for the single
condition is depicted in grey, R2 = .92 for trials following first person perspective trials (left) and R2
= .97 following third person perspective trials (right). The linear trend line for the joint condition is
shown in black, R2 = .93 following first person perspective and R2 = .93 following third person
perspective trials.

Discussion
In this experiment, we manipulated the degree to which the directly preceding trial primed an
allocentric rather than an egocentric frame o f reference. The initial hand picture o f the
preceding trial could either be seen from the first person perspective o f the participant or from
the first person perspective o f the task partner. As in the previous experiments, we found that
joint attention led to a flattening o f the rotation-performance curve. However, this effect was
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only present following trials that primed an allocentric reference frame. When an allocentric
perspective was primed in the previous trial, joint attention in the subsequent trial triggered a
switch from an egocentric to an allocentric reference frame. These fmdings corroborate our
interpretation o f the joint attention effect in terms o f a change in reference frame. Importantly,
priming an allocentric reference frame alone cannot explain the observed effect, as the
flattening o f the rotation-performance curve occurred specifically on joint attention trials.
Contrary to Experiment 1 and 2, the effect o f attention on the slope o f the rotation
curve did not reach significance in this experiment when trials where the initial hand was
depicted from a first and a third person perspective were combined. Re-analyses o f
Experiment 1 and 2 confirmed that the joint attention effect was due to responses following
trials that depicted the initial hand from a third person perspective, while the effect was absent
when the preceding trial showed the initial hand from the participant’s own perspective. Thus,
the only difference between the results o f Experiment 3 and Experiments 1 and 2 consists in
the size o f the overall effect o f attention. This is likely due to the fact that Experiments 1 and
2 contained more trials overall where initial hands were shown from the other’s perspective.
In Experiments 1 and 2, participants saw the initial hand equally often from a first person
perspective and from a third person perspective (50% each). In Experiment 3, the initial hand
picture was displayed from a first person perspective on 75% o f the trials and from a third
person perspective only on 25% o f the trials. However, the absence or presence o f the overall
effect o f joint attention does not affect the interpretation o f the results o f Experiment 3.

General Discussion
The present experiments aimed at bringing together two aspects o f joint attention that were
addressed separately in previous research. Whereas research on gaze following has mainly
focused on bottom-up, perceptual influences o f joint attention, approaches on shared attention
and shared intentionality have focused on the awareness o f what is shared. The question we
addressed here reaches into both domains and concerns the impact o f joint attention from
different perspectives on object processing. Based on earlier findings (Tversky & Hard, 2009)
it can be hypothesized that joint attention triggers a switch from an egocentric to an
allocentric reference frame. To recall, in an egocentric reference frame, objects are
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represented relative to the perceiver, whereas in an allocentric reference frame, objects are
represented relative to the environment (Klatzky, 1998; Soechting & Flanders 1992; Volcic &
Kappers, 2008).
In three experiments, where participants judged the handedness o f rotated hand
pictures while engaging in joint or single attention, we found flatter slopes o f the rotation
performance curves when both participants attended to the same stimuli. This indicates that
during joint attention participants suspended their egocentric frame o f reference and adopted
an allocentric frame o f reference. Experiment 2 investigated whether social context modulates
this joint attention effect. Participants in this experiment took the other’s perspective into
account in both cooperative and competitive settings. Finally, in Experiment 3, the effect of
joint attention on mental transformation was only observed following trials that primed an
allocentric perspective. Taken together, the results provide evidence that joint attention affects
the processing o f jointly attended objects. More precisely, the present results point towards a
switch from an egocentric to an allocentric reference frame when people attend to objects
from different perspectives.
The present result cannot be explained by the mere presence o f another person (single
attention condition) and suggest that joint attention, by highlighting the perspective o f the coactor, plays a crucial role in triggering an allocentric perspective. It seems that participants
computed the observed actor’s epistemic relation towards the object (Barresi & Moore, 1996)
only when the other was actually looking at the object. This implies that only when the
other’s relation to the object and the difference to participants’ own relation were highlighted
through joint attention, did participants give up their egocentric reference frame to adopt an
allocentric reference frame.
We suggest that taking an allocentric perspective implies a change in the processes
that people use to mentally manipulate objects. In single attention, where an egocentric
perspective was held, the mental transformation task was likely solved through motor imagery,
whereby participants imagined moving their own hand to match the position o f the rotated
hand (de Lange et al., 2006; Kosslyn et al., 2001; Parsons, 1987, 1994, 1995; Wexler,
Kosslyn, & Berthoz, 1998). In contrast, in joint attention, the allocentric reference frame
enabled participants to map a rotated hand onto the other’s body axis (Amorim et al., 2006;
Lakoff & Johnson, 1999; Tversky, 2005). The flattened slope in the joint attention condition
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suggests that this process was beneficial in larger rotation angles; when the rotated hand was
in line with the other’s body, it could easily be mapped onto the other’s body axis. Therefore,
participants were faster in joint attention trials the more stimuli were rotated.
Adopting an allocentric reference frame when jointly attending from opposite
perspectives facilitated object processing especially when objects were tumed towards the
other. In contrast, slower responses to small angles o f rotation in the joint attention condition
indicate that mapping the hand picture onto a body axis interfered with the default process o f
motor imagery occurring when the hand looked as if it belonged to one’s own body. However,
other than the benefit for larger angles o f rotation, the slow-down in smaller angles was not
present in all experiments. Especially when the instruction stressed speed (Experiment 2), the
cost was reduced for trials where the objects were not rotated towards the other. Hence, the
costs o f an allocentric reference frame seem less reliable than the benefits.
It seems that participants were not explicitly aware o f any change in behaviour or
performance, suggesting that that switching from an ego- to an allocentric reference frame
may be rather effortless. Although this may seem surprising, previous studies have reported
similar findings and it has been argued that different perspectives can be rapidly and
effortlessly computed (Samson et al., 2010). In fact, taking an allocentric perspective in some
situations may happen more naturally and spontaneously than taking an egocentric view
(Tversky & Hard, 2009).
It could be argued that both in the single and in the joint attention condition the hand
pictures were mentally transformed by using purely visual strategies, merely comparing the
visual shapes o f stimuli (cf. Corradi-Dell’Acqua & Tessari, 2010). This would imply that
participants perceptually compared the shapes o f the two hands rather than engaging in motor
imagery or mapping the hands onto a body axis. However, a direct and continuous
comparison o f the shapes o f the two hands was not possible in the present experiments
because they were never displayed simultaneously. Therefore, it is rather unlikely that
participants engaged in purely visual rotation (Grabherr, Karmali, Bach, Indermaur, Metzler,
& Mast, 2007). In agreement with this, earlier studies suggest that participants use motor
imagery as a default strategy when mentally transforming body parts and only use visual
strategies when instructed to do so (Tomasino & Rumiati, 2004).
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A further question concerns the role o f action. In our task, we operationalized joint
attention by having a second person attending to stimuli in order to act. This captures natural
settings in which joint attention takes place, because we normally attend to objects with the
intention to act on them (Humphreys & Riddoch, 2004). Both participants attended to the
stimuli with the same intention, which ensured that participants in joint attention trials would
direct their gaze to the screen in order to perceive the stimuli. A limitation o f the present study
is therefore that the role o f action and the role o f attention cannot be disentangled. It remains
to be tested whether the joint attention effect on mental rotation generalizes to settings where
the other merely attends without acting. Note however, that in order to minimize any potential
effects o f the other’s action, we made sure that the other’s actions could not be seen.
Furthermore, both participants had the same stimulus-response mapping, thus, interference
could not be caused by incompatibility o f the two responses (Sebanz, Knoblich, & Prinz,
2005).
There are several open questions that will be interesting for future research. We have
suggested that joint attention from different spatial perspectives may lead people to take the
other’s perspective into account and to process stimuli within an allocentric reference frame.
Consequently, it would be insightfiil to test whether brain structures that are related to
processing body parts from an allocentric versus egocentric perspective (Saxe et al., 2006) are
selectively activated by joint attention from different spatial perspectives. Additionally, it is
yet unknown when in the course o f stimulus processing the other’s different perspective
exerts its influence. Measures such as electroencephalography (EEG) could help to further
investigate which attentional, perceptual, and cognitive processes are affected by another
person’s perspective.
To summarize, taking an allocentric reference frame provides co-actors with a
processing benefit for objects that are depicted from the other’s perspective (thus, are more
easily processed from the other’s perspective). This processing benefit may support the
efficiency and fluency o f joint actions from different spatial orientations (Sebanz et al., 2006).
In joint action contexts, co-actors o ft en hold different views. Adopting an allocentric
reference frame may help to integrate the consequences o f one’s own and others’ actions, to
predict each other’s impending actions (Sebanz & Knoblich, 2009), and to work towards joint
goals (Vesper et al., 2010). Adopting an allocentric reference frame (in which objects can
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more easily be interpreted in relation to a co-actor’s body) may also facilitate imitation
(Wohlschlaeger, Gattis, & Bekkering, 2003) and other forms o f joint leaming (Csibra &
Gergely, 2009). We suggest that jointly attending to the same stimuli from different visual
perspectives leads people to switch from a default egocentric reference frame to an allocentric
reference frame. As other people’s perspective and body orientation can more easily be taken
into account within an allocentric reference frame (Amorim et al., 2006), the switch to an
allocentric reference frame induced by joint attention may provide a mechanism for creating a
perceptual and procedural common ground in joint action and communication (Clark & Krych,
2004; Richardson & Dale, 2005; Richardson et al., 2007).
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Does a co-actor’s perspective influence perceptual
stimulus processing?

This chapter is a modified version o f the following publication:
Böekler, A. & Zwickel, J. (2012). Influences o f spontaneous perspective taking on spatial and
identity processing o f faces. Social and Affective Neuroscience.
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Abstract
Previous research suggests that people, when attending or acting with another agent, are
sensitive to the other’s spatial perspective on the scene. The present study investigated how
spontaneously people take another’s perspective into account and how the co-actor’s spatial
perspective affects the processing o f jointly attended stimuli. Participants viewed upright or
inverted faces either alone, next to another person (same spatial perspective), or opposite
another person (different spatial perspectives) while EEG was recorded. The task (counting
male faces) was in no way related to spatial aspects o f the stimuli, thus, did not encourage
perspective taking. EEG results revealed no general differences between viewing faces alone
or with another person. However, when holding different perspectives (sitting opposite each
other), the amplitudes o f the N I 70 and o f the N250 significantly increased for upright faces.
This indicates that people spontaneously represented the other’s different perspective, which
led to higher demands for early spatial processing (N I70) and to increased allocation o f
attention for face recognition (N250) for stimuli that are typically processed configurally.
When holding different spatial perspectives, thus, people may not merely represent that the
other sees the object or scene differently, but how the object/scene looks for the other.
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Introduction
Successful social interactions often require that situations are judged from the viewpoint o f
someone else. In order to understand why a teacher and a pupil have opposing opinions about
a day-trip to the sea instead o f to a museum, for instance, it is essential to realize what the
events mean to either o f them. Remarkably, everyday language often refers to these abilities
in visual-spatial terms. "Seeing it from their perspective" or "stepping in the shoes o f' are
examples o f phrases used to describe the ability to represent an event as it might be perceived
or judged by someone else.
Recent studies have shown that humans take the spatial perspective o f those they
observe and those they interact with into account (Belopolsky, Olivers, & Theeuwes, 2008;
Thirioux, Jorland, Bret, Tramus, & Berthoz, 2009) and are sensitive to their co-attendees’
perspectives on jointly attended stimuli. Samson et al. (2010), for example, asked participants
to judge the number o f discs presented on virtual walls on a computer screen. An avatar in the
scene was positioned in a way that it could either “see” the same number o f discs as
participants or a different number o f discs. When classifying how many discs they perceived
themselves, participants reacted faster when the avatar could see the same number o f discs
than when it perceived a different amount o f discs. This result illustrates that participants
were influenced by what the avatar could and could not see. Data from a subsequent
electroencephalography (EEG) study suggest that calculating and representing one’s own and
the other’s perspective takes place around 450 ms after stimulus onset in the parietal cortex
while selecting the appropriate (e.g. one’s own) perspective requires executive control and is
reflected in a later frontal component (McCleery, Surtees, Graham, Richards, & Apperly,
2011).
Several experimental settings in which spatial relations had to be judged or described
revealed that participants take the visual-spatial perspectives o f observed humans (Frischen et
al., 2009), pictures o f humans (Tversky & Hard, 2009; Zwickel & Müller, 2010), and even of
triangles depicting intentional movement pattems (Zwickel, 2009) into account. The influence
o f a co-actor’s spatial position thereby depends on whether it leads to actual perceptual
differences between actors (Böckler, Knoblich, & Sebanz, 2011). When pairs o f participants
sat opposite each other and performed a mental rotation task on pictures shown on a flat
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screen, performance rotation curves were flattened when the person opposite was attending to
the stimuli as compared when her eyes were closed. Thus, another person’s different
perspective does affect people’s performance especially when it is relevant to the other, that is,
when the other has open eyes and actively attends to the scene.
In the current study, we set out to extend previous research in two ways. First, it is
currently unknown how spontaneously perspective taking takes place. Tasks in previous
studies explicitly demanded perspective judgements (Samson et al., 2010) or entailed spatial
judgements (Tversky & Hard, 2009) or spatial processing o f objects that had different spatial
relations towards the participant and the other person (mental rotation, Böckler et al., 2011;
left/right judgements, Zwickel, 2009, Zwickel & Müller, 2010). We investigated whether
people engage in perspective taking even when the task does not require processing o f spatial
relations.
Second, it has not been studied what processing stages are affected by another’s
perspective. The EEG study by McCleery et al. (2011) revealed the time-course o f
representing different perspectives and selecting the appropriate perspective when a scene had
to be explicitly judged from one’s own or another person’s point o f view. It is still unknown,
however, where in the course o f stimulus processing perspective taking exerts its influence.
Does the different perspective o f a co-actor affect how people attend to, perceive, and/or
cognitively process their own stimuli? The present experiment addresses how another’s
perspective affects processing o f jointly attended objects.
In the current experiment, participants attended to a computer screen that was placed
flat on a table, with the monitor facing the ceiling. Participants performed a task that was
independent o f spatial processing, namely counting how many o f the depicted faces in a given
experimental block were male. The position o f the co-actor (performing the exact same task)
was varied in that s/he could either hold the same perspective on stimuli as the participant
(sitting next to the participant) or the opposite spatial perspective (facing the participant and
therefore having a different view on stimuli). Face stimuli were used because people can
recognize faces rapidly and accurately (Bruce & Young, 1998) and because face processing
differs for upright and inverted faces already at an early stage (Farah, Drain, & Tanaka., 1995;
Chambon, Baudouin, & Franck, 2006). While upright faces are proposed to be processed by
analysis o f their configuration (this is, holistically), inverted faces are suggested to be initially
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processed using fïrst-order relational information (this is, locally, or feature based; Williams
Moss, & Bradshaw, 2004). This orientation specific processing allows testing whether and
how the processing o f upright and inverted faces is affected by a co-actor’s different spatial
perspective on stimuli. If the co-actor’s perspective is spontaneously represented, orientation
specific face processing should be different when the co-actor holds the opposite view on face
stimuli than when s/he holds the same view. To control for general effects o f attending jointly
(independent o f spatial positions), we included an individual baseline condition in which
participants attended to the faces alone.
The precise temporal nature o f effects o f a co-actor’s (different) spatial perspective
was investigated by means o f EEG (Electroencephalography). Some well-established eventrelated potentials (EPRs) reflecting confïgural processing and recognition o f faces (e.g.,
Rossion, Delvenne, Debatisse, Goffaux, Bruyer, Crommelinck, et al., 1999; Pesciarelli, Sarlo,
& Leo, 2011; Sadeh & Yovel, 2010; Schweinberger, Huddy, & Burton, 2004) can be
analyzed as indicators o f how faces o f different orientations are processed. The PI is a
positive deflection on parietal and occipital sites peaking around 100 ms after stimulus onset.
The PI amplitude is increased for inverted faces as compared to upright faces (Halit, de Haan,
& Johnson, 2000; Itier & Taylor, 2002, 2004) and was suggested to reflect early attentional
and holistic processing. I f a co-actor’s spatial perspective is spontaneously represented and
affects face processing as early as 100 ms after stimulus onset, a modulation o f the PI effect
should be revealed when participants sit opposite each other.
A well-studied component in the face processing literature is the N I70, a negative
deflection on posterior occipito-temporal sites especially on the right hemisphere (electrode
site P 08 ) that has been suggested to reflect structural encoding in the perceptual analysis o f
faces (i.e. detection o f facial pattems), but to be unrelated to face recognition (Bentin &
Deouell, 2000: Eimer, 2000). The N I 70 is typically larger and delayed in latency for inverted
(as compared to upright) faces, which are thought to be more difficult to encode into a holistic
representation (Rossion et al., 1999). If participants represent the depicted face not only from
their own, but also from the other’s perspective, the face should be processed differently
depending on the other’s perspective. Specifically, when the co-actor sits opposite the
participant, upright faces (as seen from the perspective of the participant) would be interfered
with the co-represented inverted faces (as seen by the co-actor). Upright faces are usually
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processed holistically, but the co-representation o f another’s perspective would disrupt
confïgural processing (as the other sees the face upside down). This should lead to an
increased N I70 for upright faces when the other person holds the opposite view as compared
to when the other holds the same view.
Finally, the N250, a negative deflection over posterior temporal sites especially on the
right hemisphere, has been suggested to be related to individual face recognition (Begleiter,
Porjesz, & Wang, 1995; Schweinberger, Pfutze, & Sommer, 1995; Pfütze, Sommer, &
Schweinberger, 2002). The N250 is typically measured across trials in which face stimuli are
repeated and increases when the same upright face is shown repetitively (N250r, see
Schweinberger, Pickering, Jentzsch, Burton, & Kaufinann, 2002; Schweinberger et al., 2004).
Most likely, the N250 reflects activation o f facial representations for recognition. Thus, if a
co-actor’s different perspective affects how participants represent a given face and how active
the representation is for recognition, the N250 should be modulated by where the co-actor is
positioned.
Altematively, if the mere presence o f a co-actor affects face processing (independent
o f the co-actor’s spatial position), components related to attention allocation and face
processing should be modulated whenever a co-actor is present. For instance, if the allocation
o f attention is enhanced by a co-attendee, this might be reflected in an increase o f the P l.
Similarly, if the presence o f another person affects configural or identity processing, this
should be reflected in general effects o f another person’s presence in the N I 70 and N250,
respectively.

Methods

Participants. 16 students (mean age 24 years; 8 female; all right handed) participated in the
experiment and received course credits for participation. All o f them reported normal or
corrected-to-normal vision and signed informed consent prior to the experiment.

Stimuli and Procedure. Participants viewed a 17-in TFT monitor that was placed flat on a
table and pointed towards the ceiling. The viewing distance was 50 cm. Ambient light was
kept at a constant level. Stimuli consisted o f three female and three male faces (13.7 x 21.5 °
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visual angle) taken from the Karolinska face data base (Lundqvist, Flykt, & Öhman, 1998).
These faces were presented at the centre o f the screen, either upright or inverted. Each trial
started with the presentation o f a fïxation cross (size 0.8° visual angle, presented in the centre
o f the screen) for 700 ms. Subsequently, one o f the six faces appeared on the screen either
upright or inverted for 600 ms. Faces and orientations of faces were randomized within blocks.
Finally, the screen stayed blank for another 700-1000 ms (randomized intertrial interval).
Participants were asked to count male faces depicted in each block, independent o f orientation.
Blocks could either consist o f 36 trials (18 male faces), 48 trials (24 male faces), or 60 trials,
(30 male faces), while block length was unknown to participants. After each block
participants noted how many male faces they have counted.
A practice block was followed by 12 experimental blocks. The experiment consisted
o f three parts: participants attended and performed the task alone, participants sat next to a
confederate who performed the same task, or participants sat opposite the confederate
performing the same task. Each part consisted o f 4 blocks (one block a 36 trials, two blocks a
48 trials, and one block a 60 trials). The order o f blocks within parts was counterbalanced
across participants. The order o f parts within the experiment was balanced in such a way that
half o f the participants started performing the task alone and the other half started performing
the task with a confederate (either sitting next or opposite participants). This design was
chosen to control for order effects reported in previous literature, namely that performing a
task alone subsequent to performing it jointly differs from performing a task alone to start
with (Atmaca et al., 2011; Vesper et al., 2011).

Psychophysiological recordings and data analysis. The EEG o f each participant was recorded
continuously from 29 Ag/AgCl electrodes (FP1, FP2, F3, F4, FC1, FC2, FC3, FC4, C3, C4,
T7, T8, P3, P4, P7, P8, P 03, P 04, P07, P 08, O l, 0 2 , Fz, FCz, Cz, CPz, Pz, POz, and Oz).
AFz served as ground electrode. All electrodes were referenced online to a right mastoid
electrode. Vertical electroocular (vEOG) and horizontal EOG (hEOG) activity were recorded
above and below the left eye and from the left and right outer canthi, respectively.
Electrode impedance was kept below K M I EEG and EOG were filtered online using
a 70 Hz low pass filter and a time constant o f 15 s. All EEG signals were digitized with a
sample frequency o f 500 Hz. Trials containing blinks were corrected off-line utilizing the
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Brain Vision Analyzer. Remaining artefacts were eliminated semi-automatically according to
visual inspection. Trials with hEOG or vEOG activity exceeding a range o f 25 (J.V during the
epoch were discarded from all analyses. Off-line data were referenced to the averaged activity
o f both mastoids. The EEG epochs were then averaged separately for each participant and
experimental condition and aligned to a 200 ms baseline preceding stimulus onset.
Subsequent to artefact correction, an average o f 86 trials per condition per participant was
included in the analyses (minimum 66 trials per condition per participant).
PI amplitudes were analyzed at parietal and occipital electrodes (Oz, POz, O l, 02,
P 03, and P04). Amplitudes (mean activity) were analyzed in the time range from 70 to 110
ms. Based on the existing literature, the N170 was analyzed at P 07 and P 08. Amplitudes
were analyzed in the time range from 140 to 170 ms. The N250 was analyzed at P 0 7 and P08.
Amplitudes (mean activity) were analyzed in the time range from 250 to 310 ms.

Data analysis. A repeated measures ANOVA was performed on accuracy (counting errors per
block) including the variable Co-actor condition (attending alone versus attending next to
confederate versus attending opposite confederate). Additionally, we tested whether the
amount o f errors decreased over time and carried out an ANOVA on the variable Part o f
experiment (first part versus second part versus third part). ERP measures were analyzed by
means o f repeated measures ANOVAs including the variables Face orientation (upright
versus inverted), Co-actor condition, and Hemisphere (N170 and N250: P 07 versus P 0 8 ; P l:
left hemisphere (P03, O l) versus midlines (POz, Oz) versus right hemisphere (P04, 02)).
Huynh-Feldt corrections (Huynh & Feldt, 1976) were applied if necessary. Planned single
comparisons were performed by means o f two-tailed t-tests.

Debriefing. Subsequent to the experiment, participants were debriefed. Participants were
asked whether they had noticed that only three different block lengths were used (implying
that only three possible numbers o f male pictures were shown). Second, we inquired what
participants thought the experiment was about.
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Results

Behavioural results.
As expected, the amount o f counting errors per block did not depend on Co-actor condition
[F(l, 15) < 1] . Also, errors did not significantly decrease or increase over parts o f the
experiment [F(l, 15) < 1]. This suggests that participants were not aware that only three
different amounts o f male faces were shown throughout the experiment.

Debriefing. None o f the participants noticed that only three different block lengths had been
employed throughout the experiment. Furthermore, participants were not aware o f the
purpose o f our manipulations. When asked about the rationale behind this study, five o f the
participants assumed that the change in position o f the co-actor was intended to induce
cooperation or competition.

Table 1
Mean errors (in %) and Standard deviation of errors for the three different seating conditions (alone,
next, and opposite).

Spatial Position/ Seating Condition

Mean errors (%)

Standard deviation (%)

Alone

1,8

1,6

Next (same perspective)

1,4

1,4

Opposite (different perspectives)

1,9

1,6

Electrophysiological results.
P I . In line with previous literature, PI amplitudes were significantly larger for inverted as
compared to upright faces [F(l, 15) = 5.8, p < .05], The inversion effect significantly
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interacted with Hemisphere [F(2, 30) = 4.2, p < .05], as it was only significant at the midline
and right electrodes Oz, 0 2 , POz, and P 0 4 [Fs(l, 15) > 6.4, ps < .05] (see Figure 1). No
other factor or interaction approached signifïcance [Fs(l, 15) < 1.4, p > .25].

PI
P04

P03

Figure 1: Mean voltages for upright (black) and inverted (grey) faces in the PI time range at
electrode sites P03, POz, P04, Ol, Oz, and 02.

N I 70. No main effect o f Co-actor condition and Hemisphere was revealed [Fs(2, 30) <1].
Amplitudes did marginally differ depending on Face orientation [Fs(l, 15) = 3.9, p < .07]. A
significant two-way interaction o f Face orientation and Co-actor condition was found at P 08
[F(2, 30) = 3.4, p < .05]. This was due to a significantly more negative amplitude for upright
faces when the confederate attended from the opposite position [t(15) = 3.1, p < .01], while no
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effect o f Face orientation was found in the other Co-actor conditions [ts(l, 15) < 1.3, p > .19]
(see Figure 2). This interaction was not present at P 0 7 [F(2, 30) < 1], reflected in a significant
three-way interaction o f Hemisphere, Face orientation, and Co-actor condition [F(2, 30) = 3.4,
P < 05].

N170 and N250
PO 8

Figure 2\ Mean voltages for all stimulus conditions (alone - upright: light grey, straight line; alone inverted: light grey, dashed line; next - upright: dark grey, straight line; next - inverted: dark grey,
dashed line; opposite - upright: black, straight line; opposite - inverted: black, dashed line) at
electrode site P 0 8 in the N I70 and N250 time range (effects highlighted in grey box).

In order to gain a better understanding o f the absence o f the typical N I70 inversion effect
(larger amplitudes for inverted faces) in the ‘attending alone’ condition, we performed an

63

Chapter 3 - Perspective & Early Processing
additional analysis including the factor Starting condition (starting the task by attending alone
versus starting by attending jointly). Since previous literature reported order effects in joint
action experiments (Atmaca et al., 2011; Vesper et al., 2011), we aimed at investigating
whether the condition with which participants began modulated the N I 70 inversion effect.
Results revealed that Starting condition interacted marginally with the inversion effect
in the ‘attending alone’ condition [F(l, 15) = 3.5, p < .09], as the typical N170 inversion
effect was numerically present when participants started alone [t(15) <1], but was inverted
(numerically) when they started jointly [t(15) = 1.9, p = .11], No such order effects were
found in the ‘attending next’ and ‘attending opposite’ condition [Fs(l, 15) < 1]. Additionally,
when data o f participants who started alone were analyzed separately (n = 8) including the
factors Face orientation and Co-actor condition, the two-way interaction was significant [F(l,
7) = 4.6, p < .05], depicting the same effect as the overall sample (increase o f amplitude for
upright faces when co-actor sits opposite).

N250. Co-actor condition did not affect the amplitude o f the N250 [F(2, 30) = 1], No main
effect o f Face orientation was found [F(l, 15) = 2.8, p < .12]. A significant two-way
interaction o f Face orientation and Co-actor condition was revealed at P 08 [F(2, 30) = 3.6, p
< .05], due to a significantly larger negative amplitude for upright faces when the confederate
attended from the opposite position [t(15) = 2.4, p < .05], while no effect o f Face orientation
was found when the other sat next to the participant or when the participant attended alone
[ts(15) < 1] (see Figure 3). Finally, we found a significant three-way interaction o f Face
orientation, Co-actor condition, and Hemisphere [F(2, 30) = 4.1, p < .05], since the above
mentioned two-way interaction o f Face orientation and Co-actor condition was significant at
P 0 8 , but did not reach significance at P 0 7 , [F(2, 30) < 1].
In an additional analysis, we examined whether the increase in amplitude for upright
faces when the co-actor was sitting opposite participants was correlated for the N I70 and the
N250 at P08. Indeed, the Pearson Correlation revealed a significant positive correlation
between this effect in both time ranges (r = .57, p = .016). Thus, the larger the N I70
amplitude difference was between upright and inverted faces when the co-actor attended from
the opposite side (as compared to when participants attended alone or next to each other), the
larger the same amplitude difference was in the N250 time range.
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Discussion
The present study investigated whether a co-actor’s different spatial perspective is
spontaneously taken into account and affects configural and identity processing o f a jointly
attended face. Contrary to previous studies, the task at hand did not require processing of
spatial relations. Accordingly, participants’ task performance was not affected by the presence
or the spatial perspective o f the co-actor. This finding, however, should be treated cautiously,
since counting was only a cover task and might have been too coarse a measure for detecting
modulations.
ERP results revealed no general effects o f another attendee, suggesting that the mere
presence o f another actor did not modulate attention allocation, spatial face processing, and
face recognition in the experiment at hand. By contrast, configural and recognition processing
o f the faces both were influenced by the co-actor’s spatial perspective. When the co-actor sat
opposite participants, the N I 70 on the right hemisphere was enhanced for upright faces as
compared to when the other sat next to the participant or when the participant attended alone.
This finding points towards a higher demand for configural processing o f upright faces when
they were viewed from different spatial perspectives and suggests that the other’s (opposite)
perspective was spontaneously represented. When the co-actor attended from the opposite
perspective, upright faces were interfered with the co-represented inverted faces (as seen by
the co-actor). Representing the other’s perspective may have led to a somewhat ‘chimerical’
representation o f the jointly attended face and disrupted holistic processing or induced a
conflict as to whether the face should be processed in a holistic or a local manner. Why was
there no effect o f the co-actor’s perspective when faces were inverted? Considering that it
might be impossible to process inverted faces in a holistic manner to start with, the
representation o f a co-actor’s perspective could not change the processing o f inverted faces
from local to holistic. Inverted faces, thus, may have been ‘immune’ to inducing conflicted or
chimerical representations.
It has been argued that different neurons respond to eyes and to faces and that eyesensitive neurons are inhibited when upright faces are shown (Itier & Taylor, 2004; Itier,
Latinus, & Taylor, 2006; Itier, Alain, Sedore, & Mclntosh, 2007). In inverted faces (which
are not processed holistically), by contrast, both face and eye-sensitive neurons respond,
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thereby increasing the N170 amplitude (Itier et al., 2004, 2006, 2007). When viewing upright
faces while the co-actor held the opposite perspective, participants in the present study may
have held a feature based (local) co-representation o f the face, which allowed overcoming the
inhibition o f eye-sensitive neurons and increased the amplitude o f the N170.
Somewhat surprisingly, no general face inversion effect was detected in the NI 70
range when participants attended alone or next to each other. Subsequent analyzes indicate
that whether participants started by attending alone or together with another person affected
the size o f the N I 70 effect. Participants who started out attending alone depicted the typical
N I70 inversion pattem, while participants who began by attending together did not. When
starting out by attending from opposite positions, people seem to not fully recover their view
on faces when attending alone. This is in line with previously reported order effects in the
joint action literature (see Atmaca et al., 2001; Vesper et al., 2011). It has to be noted, though,
that the order effect was only marginally significant and further research is necessary to draw
stronger conclusions. Importantly, participants who started by attending alone showed the
same modulation o f the inversion effect by the different perspective o f the co-actor as did the
complete sample, suggesting that participants took their co-actors perspective into account
when jointly attending to face stimuli.
The N250 amplitude on the right hemisphere was larger for upright faces when
participants sat opposite each other as compared to when they attended from the same
perspective or alone. The N250 component is related face recognition, more specifically, to
the activation o f face representations in order to recognize faces (Schweinberger et al., 2004).
Holding a representation not only o f their own, but also o f the other’s view on face stimuli
(inducing a ‘chimerical’ face image in the N170 time range) participants may have needed
more resources to overcome this chimerical representation. In turn, this may have led to
enhanced activation o f face representations in the time course o f face recognition (N250).
Supporting the above interpretation, the influence o f the co-actor’s perspective on
upright faces was correlated for the N I 70 and the N250 time range. This suggests that the
more the initial representation o f the face was affected by a co-actor’s different perspective
(the larger the N I70 for upright faces in the opposite condition as compared to all other coactor conditions) the larger the subsequent effect was on face recognition. When the coactor’s perspective was represented and the resulting chimerical representation o f the face
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rendered confïgural processing more demanding (N I70), more attentional resources were
attributed to the recognition o f this face (N250). Note that in classic repetition experiments,
the N250r for repeated face pictures is typically decreased for inverted faces as compared to
upright faces (Schweinberger et al., 2004). The present study did not employ a repetition
paradigm and results did not reveal general inversion effects in the N250. Importantly, the
above interpretation o f the N250 results is not based on the assumption o f general differences
between the processes involved in the recognition o f upright and inverted faces that are
accessed in repetition paradigms. However, more research is certainly needed to clarify the
functional significance o f the N250 in itself and in relation to the N I 70.
No effect o f the other’s perspective was revealed in the PI component, implying that
attentional processing and early confïgural processing o f the stimulus at 100 ms following its
onset were not affected by the co-actor’s perspective. The presence o f an overall inversion
effect on the PI amplitude suggests that the inversion o f face stimuli exerts an influence prior
to the effect of the co-actor’s perspective.
Present results extend the perspective taking literature in two ways. First, they show
that a co-actor’s spatial perspective is considered spontaneously. Even though the task could
be solved without processing spatial relations or perform perspective transformations, people
spontaneously represented their co-actors’ perspectives. Furthermore, perspective taking
affected early confïgural processing o f the jointly attended stimuli around 150 ms following
stimulus onset as well as processes o f face recognition around 250 ms following stimulus
onset. This extends the fïnding o f later posterior and frontal components involved in explicit
perspective judgments and the selection o f the appropriate perspective (McCleery et al., 2011).
Present findings have implications for how perspective taking can be understood. Are
objects and scenes represented as if seen from the perspective o f someone else, or do nonspatial high-lcvel representations o f the co-actor’s perspective affect performance? In the
study by Samson et al. (2010), for example, participants could have represented the discs as if
seen by the avatar, e.g., perform a mental perspective transformation. Altematively,
participants could have represented the fact that the avatar sees three discs in rather high-level
propositions, e.g., SEE(AVATAR, 3 discs). The latter does not involve spatial concepts per se.
We found that spatial perspective taking is spontaneous and affects how stimuli are

perceptually processed. Perspective taking, hence, seems to be a rather effortless, automatic
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process that affects how people perceive, spatially process, and recognize the jointly attended
object. This points towards the first view on perspective taking as representing not only that a
co-actor sees a jointly attended scene differently, but also how the other perceives it.
Our perception o f the world seems to be influenced by the perception o f those we
interact with. Taking the perspectives o f our co-actors into account may help coordinating our
actions with them and underlie inferring what they have in mind by establishing a common
ground from which a scene or situation can be perceived (Clark, 1996; Sebanz et al., 2006;
Knoblich, Butterfill, & Sebanz, 2011). Creating a perceptual common ground may very well
underlie the forms o f mental perspective taking the teacher needs to perform in order to
understand her pupil’s reluctance towards a museum.
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This chapter is a modifïed version o f the following publication:

Böckler, A., Knoblich, G., & Sebanz, N. (2012). Effects o f a Coactor's Focus o f Attention on
Task

Performance.
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Performance, 38(6), 1404-1415.
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Abstract
Co-actors take into account each other’s spatial perspectives and certain aspects o f each
other’s tasks even when this is not required to perform their own task. The present
experiments investigated whether the way a co-actor allocates attention affects one’s own
attentional relation to stimuli that are attended jointly (Experiment 1), individually
(Experiment 2) or in parallel (Experiments 3/4). Pairs o f participants sitting next to each other
performed a two-choice Navon task, responding to the identity o f letters. Participants’ tasks
either required the same focus o f attention (e.g. both attending to local stimulus features) or a
different focus o f attention (e.g., one attending to local and the other to global features).
Results revealed a significant slow-down o f responses when participants focused on different
features, suggesting that the co-actor’s attentional focus induced a conflict that affected the
selection o f one’s own focus. This effect disappeared when no other person was present and
when mutual visual access to each other’s stimuli was disrupted, but did not depend on a
triangular relationship between participants and stimuli. Our findings extend previous
research on perspective taking and task co-representation in revealing that representations o f a
co-actor’s task can include a specification o f her focus o f attention.
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Introduction
Recent fïndings indicate that in a shared social context people are highly sensitive to others’
perceptual and intentional relations to the environment. Sensitivity to the way others look at
the world is demonstrated by the alignment o f gaze during conversation (Richardson & Dale,
2005; Richardson et al., 2007) and by the efficient distribution o f attention in joint visual
search, where co-actors take into account each other’s gaze direction (Breiman, Chen,
Dickinson, Neider, & Zelinsky, 2008). People are affected by what a co-actor sees and by the
co-actor’s visual-spatial perspective even when the task does not require considering
another’s perceptual relation to the attended objects (Samson et al., 2010). For instance, when
attending together from different spatial perspectives, people adjust verbal descriptions o f
spatial relations according to the other’s position (Tversky & Hard, 2009) and process jointly
attended objects depending on the other’s view (Böckler et al., 2011; Böckler & Zwickel,
2012). Taken together, these studies indicate that joint attention leads people to take an
interaction partner’s perceptual relation to the environment into account, which may help to
establish a perceptual common ground (Clark, 1996; Sebanz et al., 2006; Knoblich et al.,
2011 ).

It has also been demonstrated that people are receptive to others’ intentional relations
to the environment. When performing a task with or alongside another person, people tend to
form representations o f each other’s tasks even if this is not required to succeed in their own
task (Sebanz, et al., 2003; Sebanz, Knoblich, Prinz, & Wascher, 2006; Tsai, Kuo, Jing, Hung,
Tzeng, 2006). For instance, participants showed the same pattem o f results when they
performed an Erikson flanker task (Erikson & Erikson, 1974) alone as when they carried out
half o f it together with another person who performed the complementary part (Atmaca et al.,
2011). In this two-choice task, a central stimulus requires participants to respond while it is
flanked by distracter stimuli. The distracters are not linked to any response (neutral), linked to
the same response as the relevant stimulus (congruent), or linked to the opposite response
(incongruent). Responses typically slow down when stimuli are flanked by incongruent
distracters. When the task was distributed amongst two actors, participants slowed down
when their relevant stimulus was flanked by a potential target for their co-actor. Importantly,
this effect also occurred when participants merely believed to be acting with another person,
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but disappeared when the other’s actions were controlled by a machine. This implies that
(believing to be) acting with another intentional agent made participants hold representations
not only o f their own, but also o f the other’s task.
A question that has not been addressed in the joint action and joint attention literature
is whether co-actors also consider each other’s attentional relations to the environment. In
addition to specifying what the other needs to do and/or when it is a co-actor’s turn to respond
(for example, which stimuli require the other to act), task representations may also specify
other performance-related parameters, such as the way the co-actor should allocate attention.
For instance, consider a factory worker whose task is to inspect the packaging o f screws
coming down on a conveyor belt, focusing on the shape o f each pack o f screws. Will her
performance be affected by the worker next to her who specifically checks the serial numbers
on the lower left corner o f the packages? While the workers’ intentional relations (task to
indicate odds) and perceptual relations (visual perspectives) to the jointly attended objects are
similar, the attentional relations between them and the objects differ considerably, as one o f
them needs to apply a more global and the other a more local focus o f attention.
The aim o f the present study was to investigate whether people are sensitive to
another’s focus o f attention when performing similar tasks and holding the same spatial
perspective. If this is true, then co-representation o f the attentional act to be performed by the
other may lead to the modulation o f one’s own attention allocation. In particular, we predicted
that performance in a task requiring a global or a local focus o f attention should be affected by
whether another person’s task requires the same or a different focus o f attention.

The Present Study
Investigating whether co-actors take each other’s attentional relation to stimuli into account
requires stimuli that consist o f at least two different features to which attention can be
directed. In Navon tasks, stimuli are defined on two different spatial levels, on a global level
and on a local level (e.g., a large letter consisting o f small letters). The global and the local
features can either be congruent (e.g., an S consisting o f Ss) or incongruent (e.g., an S
consisting o f Hs). When selective attention is directed to the local features, processing is
usually slowed down when global features are incongruent (Navon, 1977; Navon 1991).
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Similarly, when selective attention is directed to global features, incongruent local features
impair processing (Kimchi, 1992).
In the present study, we employed a joint version o f a Navon task where two
participants responded to Navon stimuli appearing on a jointly attended screen (see Figure 1).
The critical manipulation was whether participants’ tasks required them to adopt the same
focus o f attention (e.g. both attending to global stimulus features) or whether their tasks
required them to adopt a different focus o f attention (one attending to the global stimulus
features and the other attending to local features). One stimulus appeared at a time, and each
stimulus required the response o f one o f the two participants.
We predicted that participants would form a representation o f the other’s task that
specifies the focus o f attention to be applied (global or local). Thus, additionally to setting
their own attentional focus in a top-down manner (Navon, 2003; Niebur, Hsiao, & Johnson,
2002; Posner & Gilbert, 1999), participants would have in mind how their co-actor’s
attentional focus is specified. In the case where the other’s focus differs from their own focus,
the task representation specifying the focus to be applied by the other should lead to a topdown modulation o f attentional processes, affecting participants’ performance (Posner &
Petersen, 1990; Posner & DiGirolamo, 1998). Representing the other’s task and, specifïcally,
the attentional focus required by the other’s task might affect performance in two different
ways.
First, having the other’s attentional focus in mind due to task co-representation may
interfere with selecting and maintaining one’s own focus o f attention when attentional foei
differ. Selecting the focus required by one’s own task may be delayed and applying the
appropriate focus may be more difficult when the different task o f the co-actor is corepresented. This should result in slower responses (selection conflict hypothesis). The slowdown should be independent o f whether the stimuli are congruent or incongruent because the
problem o f selecting and applying the appropriate focus remains regardless o f whether there
is a match or mismatch between the global and local letter shapes (Weissman, Roberts,
Visscher, & Woldorff, 2006). Thus, the selection conflict hypothesis predicts a general slowdown when attentional foei o f the two participants differ.
Altematively, representing the other’s task may lead people to adopt a focus that is
biased towards their co-actor’s focus (biased focus hypothesis). This would imply a
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broadening o f the focus when the other’s task is to attend to the global features and, vice versa,
a narrowing o f the focus when the co-actor’s task is to attend to the local features.
Specifïcally, the biased focus hypothesis predicts decreased control over one’s own focus
when attentional foei differ, which has different consequences for congruent and incongruent
trials (Kems, Cohen, MacDonald, Cho, Stenger, & Carter, 2004). Performance on congruent
trials should not be affected by the other’s focus or might even be facilitated because the local
and the global stimulus features are associated with the same response. Thus, processing
congruent stimuli with a wider or narrower focus that enhances processing o f the local or
global features, respectively, should not create a response selection conflict. However, on
incongruent trials responses should be slower and/or more error-prone when the other holds a
different attentional focus, because in this case being biased towards the other’s focus
increases interference between local and global features, as they require different responses.
Thus, the biased focus hypothesis predicts that only responses to incongruent trials are
impaired when attentional foei differ. This would be reflected in a larger difference in
performance between congruent and incongruent trials when attentional foei differ compared
to when they are the same.
To sum up, the selection conflict hypothesis predicts that selecting the adequate focus
is hampered by the representation o f the other actor’s task requiring a different focus. It does
not predict that the other’s focus is adopted and applied. In contrast, the biased focus
hypothesis predicts that representing the other’s task makes participants apply a focus that is
shifted towards the other’s focus. The selection conflict hypothesis and the biased focus
hypothesis are not necessarily exclusive. In case both hypotheses hold, that is, in case
participants experience a conflict as to which focus to select and additionally shift towards the
focus o f the other, results should reveal generally slower responses when attentional foei
differ as well as an increased RT difference between congruent and incongruent trials.
In Navon tasks global features are considered dominant in the processing hierarchy
because they are processed faster than local features and cause larger conflict in incongruent
trials (Navon, 1981; for discussions o f the underlying mechanism, see Kimchi, 1992; Han,
Fan, Chen, & Zhuo, 1997). This phenomenon, known as “global precedence”, allowed us to
investigate whether another’s attentional focus affects performance selectively when the
other’s task is to attend to global features or whether attending to the dominant global features
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is also affected by the co-actor focusing on the non-dominant local features. According to the
selection conflict hypothesis, the co-actor’s focus o f attention will affect the selection of
participants’ own attentional focus in a top-down manner, reflecting a conflict at the level o f
task selection, and should therefore be independent o f the dominance o f global features.
Accordingly, a general slow-down should be observed whenever the co-actor’s task requires a
different attentional focus, independent o f the focus participants hold themselves. By contrast,
if a co-actor’s different focus leads participants to adopt a focus that is shifted towards his or
her focus (biased focus hypothesis), a co-actor’s focus on global features may exert a stronger
pull than a co-actor’s focus on local features. Accordingly, when attentional foei differ, one
would expect a larger effect o f the co-actor’s focus (impaired responses on incongruent trials)
in individuals attending to local features.
Finally, if participants are not affected by their co-actor’s task, performance should be
the same regardless o f whether the co-actor’s task requires the same or a different focus. A
congruency effect should occur in both conditions.

Experiment 1
The present experiment investigated whether participants’ performance in the Navon task is
affected by their co-actor’s focus o f attention. Pairs o f participants carried out a Navon task
and were instructed to attend to the same stimulus features (both local or both global) or to
different stimulus features (one attending to global and one to local features).

Methods

Participants. Eight pairs o f undergraduate students (mean age 22.4 years; 15 female; 14 right
handed) participated in the experiment and received course credits or 10 Euro/hour for
participation. For organizational reasons, the two participants in a pair were fellow students or
friends1. All o f them were naïve as to the purpose of the experiment, reported normal or
corrected-to-normal vision and signed informed consent prior to the experiment.
1 In a pilot experiment employing the same setup, we assessed how long pairs of participants knew each other
and how close they feit. No influence of familiarity and closeness on the results was revealed. Therefore, we did
not collect information on familiarity and closeness in the present experiments.
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Stimuli and Apparatus. Stimuli were Navon letters with large letters (size 2.2° x 3.8° visual
angle) consisting o f small letters (size 0.24° x 0.5° visual angle) according to a 6x7 Matrix.
Each participant responded to two different letters (participant A to letters F and S; participant
B to letters H and O). The Navon letters were either congruent (e.g., a large F consisting o f
small Fs) or incongruent (e.g., a large F made o f small Ss). Letters o f one participant were
never intermixed with letters o f the other participant (e.g., there were no Ss made o f Hs).
Figure 1 displays the eight letters used.

Procedure. Each trial started with the presentation o f a fixation cross (size 0.8° visual angle,
presented in the centre o f the screen) for 900 ms. Subsequently, a Navon letter appeared at
one o f four possible locations (0.8° visual angle around the fixation cross) for 200 ms. The
trial ended after a participant had responded or after 1100 ms if no response had occurred. The
intertrial-interval (ITI) was 1500 ms.
Participants were instructed to respond as fast and as accurately as possible to the
appearance o f their letter by pressing one o f two keys with the index or middle fmger o f their
right hand (two-choice task). All instructions about the participants’ tasks, including the focus
o f attention to be taken by each o f them, were provided in written form on the screen.
Participants were instructed to respond only to their letters (go-trials), and not to their coactor’s letters (nogo-trials). The order o f go-trials and nogo-trials was randomized and was
therefore not predictable for participants. Responses were collected using two button boxes
with two horizontally arranged keys. In order to prevent participants from observing each
other’s responses, carton boxes were placed above participants’ right hands.
Twelve experimental blocks followed a practice block. Each block consisted o f 48
trials and was followed by a short rest. Ahead o f each block, participants were informed on
the computer screen about the focus o f attention they and the other needed to adopt in the
subsequent block (e.g. “Participant A focuses on the large letters, participant B focuses on the
small letters”). Each participant focused on the global features (large letters) in six blocks and
on the local features (small letters) in the other six blocks. In half o f these blocks, the coactor’s task required the same focus o f attention (e.g. both attending to global features) and in
the other half o f these blocks, the co-actor’s task required a different focus (e.g. one
participant focusing on local features while the other attended to global features.
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Figure 1 : Experimental setting. Participants were sitting next to each other with a monitor in front of
them. Both o f them responded to their assigned stimuli by pressing one o f tw o buttons with one o f two
fingers o f their right hands. Hands were covered by boxes. In Experiment 2, only one participant was
present at a time. In Experiments 3 and 4, stimuli w ere not presented in the center o f the screen, but on
the left or/and the right side o f the screen.

Hence, each o f the four combinations o f the own (global versus local) and the other’s task
(same versus different) appeared in three blocks. The assignment o f tasks changed from block
to block in such a way that the four different combinations o f tasks were shuffled three times
in a row.
Congruency was randomized within blocks. The assignment o f stimuli to responses
(index versus middle finger) was counterbalanced across subjects. Overall, the experimental
session took about 50 minutes.

Debriefing. After the session, participants were debriefed. During debriefïng, participants
were asked whether they thought the other’s focus o f attention had influenced their
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performance. They were then asked to guess in which way the other’s focus o f attention had
affected their behaviour.

Data Analysis. RTs o f correct trials and error rates were analyzed by means o f repeated
measures analyses o f variance (ANOVA). A 2 x 2 x 2 factorial within-subject design was
employed on the factors Congruency (congruent versus incongruent), Own focus o f attention
(global versus local), and Other’s focus o f attention (same focus versus different focus).
Two additional analyses were performed in order to better understand effects o f a coactor’s focus o f attention. First, the factor Part o f experiment was included in order to
investigate whether performance changed over time with respect to any o f the aforementioned factors. The rationale was to examine whether effects o f a co-actor’s focus o f
attention are present throughout the experiment or decline/increase over time. The factors
Own and Other’s focus o f attention were manipulated blockwise in the present experiment
and each combination appeared in three blocks. Therefore, the factor Part o f experiment
consisted o f three levels (condition appearing for the first time, for the second time, or for the
third time in the experiment).
Second, an additional analysis including the factor Preceding trial (go trial versus nogo
trial) was performed. This served to investigate if any o f the effects were modulated by
whether the preceding trial required participants’ own response (go trials) or the co-actor’s
response (nogo trials). Specifically, we aimed at examining whether effects o f a co-actor’s
focus o f attention were due to switching costs. The underlying idea is that it may be possible
that in no-go trials, participants mentally perform the task according to the other’s instructions.
If they did, this should induce costs o f task switching when attentional foei differ.
Accordingly, there should be larger switching costs in the different-focus condition when a go
trial is preceded by a no-go trial than when a go trial is preceded by another go trial.

Results

Reaction times. Results are depicted in Figure 2. We found a main effect o f Congruency [F(l,
15) = 59.8, p < .001], due to faster responses to congruent as compared to incongruent stimuli.
Global precedence was found: Participants responded faster to the global as compared to the
local stimulus features [F(l, 15) = 23.1, p < .001] and the Congruency effect was larger in the
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local as compared to the global condition [t(15) = 4.2, p < .01] (two-way interaction o f Own
focus o f attention x Congruency [F(l, 15) = 14.9, p < .01]).

Self local

£
£

Self global

□other same

o other same

■ other different

■ other different

Congruent

Congruent

570

Incongruent

Incongruent

Figure 2\ Reaction times in Experim ent 1. Error-bars display within-subject confidence intervals
based on Loftus & Masson, 1994.

There was a significant main effect o f Other’s focus of attention [F(l, 15) = 30.8, p < .001],
due to slower responses when the co-actor held a different focus o f attention. This effect was
neither dependent on Congruency nor on the Own focus o f attention [Fs(l, 15) < 1], Thus, the
slow-down when holding different foei o f attention was equally large for congruent and
incongruent stimuli and for participants focusing on the local and on the global features. The
three-way interaction o f Congruency, Own focus o f attention, and Other’s focus o f attention
was not significant [F(l, 15) < 1].

Additional analyses. The effects o f Congruency and Own focus o f attention did not depend on
Part o f experiment [Fs(l, 15) < 1], indicating that these effects were stable across the
experiment. The effect o f Other’s focus o f attention (slow-down when other held a different
focus) marginally decreased over time, reflected in a trend in the two-way interaction o f Part
o f experiment and Other’s Focus o f attention [F(l, 15) = 3.0, p = .08].
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The factor Preceding trial (go trial versus nogo trial) did not interact with any o f the
factors [Fs(l, 15) < 1]. Thus, all effects held independently o f whether the preceding trial
required the participant’s response or their co-actor’s response.

Error rates. Mean error rate was 2.8%. A main effect o f Congruency was found [F (l, 15) =
29.8, p < .001] as participants responded more accurately to congruent as compared to
incongruent stimuli.

Debriefing. In the debriefmg session, none o f the participants reported having noticed that the
focus o f the other person influenced their performance.

Discussion
In line with the previous literature, participants were faster and more accurate when
responding to congruent stimuli compared to responding to incongruent stimuli. They were
slower in responding to local as compared to global stimulus features and the congruency
effect was larger when participants attended to local features. This indicates that the current
experimental setup induced global precedence.
The results revealed that the other’s focus o f attention influenced participants’ task
performance. Responses were generally slower when the co-actor’s task required a different
focus o f attention as compared to when the co-actor’s task required the same focus o f
attention as participants’ own task. Slower reaction times when the other held a different
attentional focus were observed in both congruent and incongruent trials. The general effect
o f the other’s attentional focus supports the selection conflict hypothesis and suggests that
representing the other’s task made it more diffïcult to select and maintain the focus required
by one’s own task in order to perform successfully.
The effect o f the co-actor’s attentional focus was independent o f participants’ own
focus o f attention, suggesting that despite global precedence participants were not more prone
to take the other’s global focus into account than they were to take the other’s local focus into
account. Rather, whenever the co-actor’s tasks differed, a conflict in selecting the appropriate
focus seemed to occur, as suggested by the selection conflict hypothesis.
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Participants were slightly more affected by their co-actor’s focus o f attention in the
beginning o f the experiment, as suggested by a marginal decrease o f the effect after the first
blocks. This may be due to increasing familiarity with the task or due to a decline in cognitive
resources needed to keep in mind the other’s task (Humphreys & Bedford, 2011).
Participants were affected by their co-actor’s attentional focus independent o f whether
the preceding trial was a go trial (requiring their own response) or a nogo trial (requiring the
co-actor’s response). This suggests that the slow-down when the other held a different
attentional focus was not due to task switching costs. There was no evidence that participants
covertly performed the task according to the other’s instructions on no-go trials.
One could speculate that the observed general slowing when the two tasks required a
different focus o f attention resulted from the instructions and therefore did not depend on the
co-actor’s presence. Participants might have considered the other attentional focus even
without a partner, given that the instructions equally mentioned the two different foei o f
attention. It is known that increasing the saliency o f an altemative task through instructions
can affect performance (De Houwer, Vandorpe, & Beckers, 2005; Wenke & Frensch, 2005).
Therefore, one possibility is that highlighting the other’s focus o f attention through the
instructions was sufficiënt to generate a conflict at the level o f task selection. Even though
there was no evidence that participants mentally performed the other task on no-go trials, it
could be that selecting the focus required by their own task was more difficult when they had
the other potential focus in mind. Experiment 2 addresses this possibility.

Experiment 2
This experiment investigated whether the instructions given in Experiment 1 are sufficiënt for
the effect o f the other’s focus o f attention to occur. The exact same experiment was conducted
with only one participant at a time. The instructions presented on the screen were identical to
the instructions in Experiment 1. Thus, the instructions also referred to another participant and
prior to each block, information about participants’ own and the ‘other’s’ attentional focus
was provided. Participants were told that the instructions stemmed from an earlier version o f
this experiment where two people carried out the task. They knew, however, that they were
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performing the task alone. During the experiment, the same stimuli as in Experiment 1 were
presented, thus, participants saw their own as well as the stimuli o f the non-present co-actor.

Participants. Fourteen undergraduate students (mcan age 23.6 years; 10 female; 13 right
handed) participated in the experiment and received course credits or 10 Euro/hour for
participation. All o f them were naïve, reported normal or corrected-to-normal vision, and
signed informed consent prior to the experiment.

Results
A 2 x 2 x 2 factorial within-subject design was employed on the factors Congruency
(congruent versus incongruent), Own focus o f attention (global versus local), and Other’s
focus o f attention (same focus versus different focus).

Reaction times. Results are depicted in Figure 3. As in Experiment 1, a main effect o f
Congruency was found in RTs [F(l, 13) = 35.1, p < .001], due to faster responses on
congruent compared to incongruent trials. As in Experiment 1, there was a main effect o f
Own focus o f attention. Participants responded faster to the global as compared to the local
stimulus features [F(l, 13) = 42.6, p < .001] and the Congruency effect was larger in the local
as compared to the global condition (two-way interaction o f Congruency and Own focus [F(l,
13)= 18.1, p < . 01]).
In contrast to Experiment 1, no effect o f Other’s focus o f attention was found [F(l,13)
< 1], Thus, performance was not affected by whether the instructions mentioned that another
individual should hold the same or a different focus o f attention. An ANOVA comparing
Experiment 1 and Experiment 2 with the between-subject factor Experiment and the withinsubject factors Congruency, Own Focus, and Other’s Focus showed that the factor
Experiment significantly interacted with Other’s focus o f attention [F(l, 28 = 4.6, p < .05], as
the effect o f the other’s focus was present in Experiment 1, but not in Experiment 2. None o f
the other interactions were significant. Reaction times in Experiment 1 were significantly
faster [F(l, 28) = 10.3, p < . 01],

Error rates. Mean error rate was 2%. A significant main effect o f Congruency was found [F(l,
13)

9.5, p <'~ *01], as participants responded more accurately to congruent as compared to

incongruent stimuli.
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Figure 3: Reaction times in Experiment 2. Error-bars display within-subject confidence intervals
based on Loftus & Masson, 1994.

Discussion
Results o f this experiment show that participants who performed the task alone did not take
the attentional focus assigned to an absent co-actor into account, even though they read the
instructions specifying the co-actor’s task and perceived the stimuli for this task. This
indicates that the effect o f the other’s focus o f attention observed in Experiment 1 is a social
effect in that it depends on the presence o f a co-acting person. Also, responses were generally
slower when no other actor was present, which points towards social facilitation by a coacting person in Experiment 1 (Aiello & Douthitt, 2001). However, effects o f social
facilitation and specific effects o f task co-representation are likely independent (Atmaca et al.,
2011; Welsh, Higgins, Ray, & Weeks, 2007).
What made participants consider the attentional focus o f the other person when s/he
was present? One possibility is that people regard what the task instructions imply for the coactor’s performance given particular stimuli. In prior joint action and joint attention studies,
participants typically had visual access to each other’s stimuli. Visual access to the other’s
stimuli aligns perceptions o f the co-actors and may lead to the repeated activation o f
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particular aspects o f the other’s task (see Wenke, Atmaca, Hollander, Liepelt, Baess, & Prinz,
2011). When there is no visual access to the other’s stimuli, by contrast, participants merely
know about the attentional relation between the co-actor and her stimuli through the
instructions. Hence, an open question is whether the representation o f another’s attentional
relation to jointly attended events requires mutual visual access to these events. Experiment 3
tested whether effects o f another’s focus o f attention occur when the other person is present as
in Experiment 1, but her or his stimuli cannot be perceived.

Experiment 3
To gain a better understanding o f the mechanisms underlying the observed effect, we tested
whether the slowing o f RTs when co-actors’ foei differ would also be found when participants
are instructed about each other’s tasks, but cannot see each other’s stimuli (Figure 4). I f task
instructions and the presence o f a co-actor are sufficiënt to make people consider the other’s
task, then the effect observed in Experiment 1 should occur even when participants cannot see
the stimuli requiring their co-actor’s response. Altematively, if performance is no longer
affected by whether the co-actor holds the same or a different focus o f attention, this would
indicate that considering another’s attentional relation towards stimuli crucially depends on
seeing what the other sees.

Methods

Participants. Eight naïve pairs o f undergraduate students (fellow students or friends; mean
age 21.4 years; 14 female; 14 right handed) participated in the experiment and received course
credits or 10 Euro/hour for participation. All o f them reported normal or corrected-to-normal
vision and signed informed consent prior to the experiment.

Stimuli, Apparatus, and Procedure. The stimuli and procedure were the same as in
Experiment 1, except that stimuli o f participant A were only shown on the left side o f the
screen, while stimuli o f participant B were only shown on the right side o f the screen.
Participants did not know in advance whose stimuli would appear in a given trial, so they had
to focus on their own side o f the screen. As stimulus presentation was very short and the order
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was randomized, participants could not attend to the centre or the other’s side o f the screen
without missing their own stimuli.
Experiment 3

Experiment 4a

Experiment 4b

Figure 4: Stimulus display of Experiment 3 (left), Experiment 4a (middle), and Experiment 4b (right).
While the co-actor’s stimuli were not visible in Experiment 3, they were shown in Experiment 4a. In
Experiment 4b, an occluder was employed to keep participants from attending to the location where
the co-actor’s stimuli appeared.

Results
A 2 x 2 x 2 factorial within-subject design was used with the factors Congruency (congruent
versus incongruent), Own focus o f attention (global versus local), and Other’s focus o f
attention (same focus versus different focus). One participant was excluded because his error
rates exceeded the average by more than two Standard deviations.

Reaction times. Results are depicted in Figure 5. A significant mam effect o f Congruency was
found [F(l, 14) = 79.9, p < .001], due to faster responses to congruent as compared to
incongruent letters. As in Experiment 1, global precedence was found: Results revealed a
main effect o f Own focus o f attention, as participants responded faster when attending to the
global as compared to when attending to the local features [F(l, 14) = 45.0, p < .001], The
effect o f Congruency was larger in the local as compared to the global condition [t(14) = 3.5,
p < .01], reflected in a two-way interaction o f Own focus o f attention x Congruency [F(l, 14)
= 11.9, p < .01].
Contrary to Experiment 1, the main effect o f Other’s focus o f attention was not
significant [F(l, 14) < 1], indicating that participants responded equally fast when the other
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held the same and when the other held a different attentional focus. No other interactions
reached significance [Fs(l, 14) < 1],
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Figure 5: Reaction times in Experiment 3. Error-bars display within-subject confidence intervals
based on Loftus & Masson, 1994.

Error rates. Mean error rate was 3.4%. A significant main effect o f Congruency was found
[F(l, 14) = 20.7, p < .001], as participants responded more accurately to congruent as
compared to incongruent stimuli.

Discussion
As in Experiment 2, and in contrast to Experiment 1, performance in Experiment 3 was not
affected by the co-actor’s focus o f attention. This suggests that being informed about the coactor’s focus o f attention and acting alongside the other was not sufficiënt for the effect to
occur. Instead, having mutual visual access to each other’s stimuli seems crucial. Mutual
visual access may be necessary to consider the other’s focus because it provides an
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opportunity to relate the other’s focus to visual events in the world, and it may serve to relate
one’s own and the other’s focus. More generally, it could be that (believing that one is)
attending to the same stimuli is a pre-condition for co-representation effects (see Wenke et al.,
2011 for further discussion). This assumption needs further testing, but is in line with earlier
research on task co-representation. It has been shown, for instance, that a co-actor’s task can
affect performance even when people merely believe that the co-actor is performing a
particular task, as long as both co-actors see or hear each other’s stimuli (Atmaca et al, 2011;
Ruys & Aarts, 2010; Tsai, Kuo, Hung, & Tzeng, 2008; Vlainic, Liepelt, Colzato, Prinz, &
Hommel, 2010).
It could be argued, though, that the setup o f the present experiment did not only
disrupt visual access to the co-actor’s stimuli, but also the triadic relation between the two coactors and the stimuli. Literature on joint attention often refers to the relation between two
attendees and the jointly attended object as triangulation (Tomasello & Carpenter, 2007).
Engaging in such triangular relationships can affect subsequent processing o f jointly attended
objects in both children (higher processing negativity, Striano et al., 2006) and adults (action
control network, Schilbach, Eickhoff, Cieslik, Shah, Fink, & Vogeley, 2010), and it has been
argued that humans from early infancy on possess a special motivation to engage in triangular
joint attention with others. By disrupting the triangular relationship between participants and
the stimuli, participants may have perceived the task as not being a joint task anymore, which
may have led them to ignore the other’s attentional focus.
If attending jointly to one and the same stimulus (location) is a precondition for
another’s focus o f attention to affect one’s own performance, taking away the triangular
relation between participants and stimuli may explain the absence o f an effect o f the coactor’s focus in Experiment 3. In order to dissociate effects o f the absence o f triangulation
from effects of the absence o f visual access to each other’s stimuli, we conducted a fourth
experiment where triangulation was disrupted while participants were able to see their own
and the other’s stimuli.

87

Chapter 4 - Focus o f Attention & Object Processing
Experiments 4a and 4b
These experiments investigated whether triadic joint attention is necessary for the effect
observed in Experiment 1 to emerge. A similar setup as in Experiment 3 was used. However,
while stimulus locations o f the two participants were separate, their own stimuli and their coactor’s stimuli were presented at both locations so that they could see the stimuli requiring
their partner’s response (Figure 4). If the absence o f an effect o f the co-actor’s focus in
Experiment 3 was due to the lack o f visual access to the co-actor’s stimuli, the effect should
re-appear when the other’s stimuli can be seen, regardless o f stimulus location. By contrast, if
triangulation is a necessary precondition for an influence o f the co-actor’s attentional focus,
providing participants with separate stimulus locations should wipe out the effect o f the
other’s focus o f attention even though they can see each other’s stimuli.

Methods

Participants. Eight naïve pairs o f undergraduate students (fellow students or friends; mean
age 20.2 years; 13 female; 13 right handed) participated in Experiment 4a, and eight naïve
pairs o f undergraduate students (fellow students or friends; mean age 22.2 years; 14 female;
16 right handed) participated in Experiment 4b. Participants received course credits or 10
Euro/hour for participation. All o f them reported normal or corrected-to-normal vision and
signed informed consent prior to the experiment.

Stimuli, Apparatus, and Procedure. The same stimuli and procedure were applied as in
Experiment 3, except that all stimuli were presented at both locations (on the left and on the
right) at the same time. This provided participants with their own locations on the screen,
while they had visual access to their own and the other’s stimuli. All participants were
informed that they would always see the same stimuli as their co-actor and could verify this
during the practice block. In Experiment 4a, participants were encouraged to focus on their
own side o f the screen, but they were, in principle, able to focus on stimuli depicted on the
other’s side. Stimulus presentation was very short, however, and triangulation was disrupted
as participants could never be sure as to whether they were attending to the same location as
their co-actor. In Experiment 4b, a semi-transparent occluder made of frosted glass was
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positioned between participants (see Figure 4) in order to prevent them from potentially
attending to stimuli on the other’s side o f the screen. Participants in Experiment 4b could see
the co-actor, but they could not make out the details of the stimuli. Thus, Experiments 4a and
4b differed in regard to whether participants could potentially attend to each other’s stimuli.
Also, while participants in Experiment 4a could confirm throughout the experiment that the
other saw the same stimuli (and knew their co-actors could do so as well), participants in
Experiment 4b merely believed this to be the case. If this affects the extent to which the task
is conceptualized as joint, it may, in turn, modulate the representation o f the other’s task
(Atmaca et al., 2011). Thus, if participants in the occluder condition judge the task to be
individual rather than joint, effects o f co-representation o f the other’s task rules may decrease
as compared to participants in the no-occluder condition.

Results
A 2 x 2 x 2 factorial within-subject design was employed with the factors Congruency
(congruent versus incongruent), Own focus o f attention (global versus local), and Other’s
focus o f attention (same focus versus different focus). The additional factors Part o f
Experiment (first versus second versus third part) and Preceding trial (go versus nogo) were
included in separate analyses (see Experiment 1). In an ANOVA including the factor
Occlusion, Experiments 4a and 4b were compared. Finally, the results o f Experiments 3 and
4a/b were compared by means o f ANOVAs with the within-subject factors Congruency
(congruent versus incongruent), Own focus o f attention (global versus local), and Other’s
focus o f attention (same focus versus other focus), and the between-subject factor Visual
access to other’s stimuli (present in Experiments 4a and 4b versus not present in Experiment
3).

Reaction times. Results are depicted in Figure 6. Two participants o f Experiment 4a were
excluded due to error rates exceeding average by more than two Standard deviations. A
significant main effect o f Congruency was found [4a: F (l, 13) = 126.1, p < .001; 4b: F (l, 15)
= 74.8, p < .001], due to faster responses to congruent as compared to incongruent letters.
Participants responded faster when attending to the global as compared to when attending to
the local aspect [main effect Own focus o f attention, 4a: F (l, 13) = 47.5, p < .001; 4b: F (l, 15)
= 28.8, p < .001] and the effect o f Congruency was larger in the local as compared to the
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global condition [4a: t(13) = 2.3, p < .05; 4b: t(15) = 3.2, p < .01], leading to a two-way
interaction o f Own focus o f attention x Congruency [4a: F (l, 13) = 5.3, p < .05; 4b: F (l, 15) =
10.2, p < .01. Thus, as in previous experiments, global precedence was found.

4a

Self global

SelflocaL
660 -

□ other same
630 £

600 570 540

-

510

-

480 450 420

Congruent

4b

Incongruent

Selflocal

Congruent

Incongruent

Self global
□other same
■other different

£

600 -

Congruent

Incongruent

A±
Congruent

Incongruent

Figure 6: Reaction times in Experiments 4a (upper panel) and 4b (lower panel). Error-bars display
within-subject confidence intervals based on Loftus & Masson, 1994.
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As in Experiment 1, there was a significant main effect o f Other’s focus o f attention
[4a: F (l, 13) = 8.0, p < .05; 4b: F (l, 15) = 5.1, p < .05], due to faster responses when the coactor’s task required the same attentional focus compared to when the co-actor’s task required
a different attentional focus. This did not depend on Congruency [4a and 4b: F (l, 15) < 1] and
the Own focus o f attention [4a: F (l, 13) < 1; 4b: F (l, 15) < 2.8, p > .12]. Thus, the slow-down
for different attentional foei was equally large in congruent and incongruent trials and when
participants focused on global and on local features. The three-way interaction o f Congruency,
Own focus of attention, and Other’s focus o f attention was not significant [4a: F (l, 13) = 3.0,
p = .ll ; 4 b : F ( l , 15)< 1], The slow down when the other held a different attentional focus did
not depend on Part o f experiment [4a: F (l, 13) = 1.4; 4b: F (l, 15) = 1.7], as it was present
throughout the experiment. Similar to Experiment 1, the effect o f Other’s focus o f attention
did not depend on whether the preceding trial was a go or a nogo trial [4a and 4b: F (l, 15) <
1].

Error rates. Mean error rate was 3.1% in Experiment 4a and 2.8% in Experiment 4b. A main
effect o f Congruency was found [4a: F (l, 13) = 32.7, p < .001; 4b: F (l, 15) = 29.2, p < .001]
as participants responded more accurately to congruent as compared to incongruent letters.

Comparison o f Experiments 4a and 4b. No main effect o f Occlusion was revealed and none o f
the interactions with the factor Occlusion were significant [Fs(l, 28) < 1.7, ps > 2.0], This
suggests that none o f the main effects and none o f the interactions were different between
Experiments 4a and 4b.

Comparison o f Experiments 3 and 4a/4b. RTs were marginally faster when participants had
visual access to each other’s stimuli as compared to when an occluder was employed [4b: F(l,
29) = 3.8, p = .06]. Visual access to other’s stimulus interacted significantly with Other’s
focus o f attention [4a: F (l, 27) = 8.1, p < .01; 4b: F (l, 29) = 4.7, p < .05]. This was due to
significantly slower RTs when the other’s task required a different focus compared to when it
required the same focus in Experiments 4a and 4b, but no such effect in Experiment 3. No
other interactions reached significance.
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Discussion
Participants responded more slowly when the co-actor’s task required a different focus o f
attention than when it required the same focus o f attention. Even though participants were not
engaged in a triangular relation including themselves, their co-actor, and the stimulus, they
were affected by the co-actor’s focus o f attention. Hence, effects o f a co-actor’s attentional
focus in our task do not require triangulation. Similar to the results o f Experiment 1, the slowdown induced by the other’s different focus o f attention was not modulated by stimulus
congruency or dominance in the processing hierarchy (global precedence). The effect o f the
other’s focus was numerically larger when participants attended to (congruent) global features,
especially in Experiment 4b. This may be due to the fact that congruent global trials are
easiest to perform and therefore, difficulties in selecting the appropriate focus o f attention
induced by the representation o f the other’s task may be especially salient.
In line with the results o f Experiment 1, the effect o f the co-actor’s focus did not
depend on the nature o f the preceding trial. The extent to which the co-actor’s attentional
focus affected performance was independent o f whether the directly preceding trial required
the co-actor’s response (no-go) or one’s own response (go). This suggests that participants did
not mentally adopt the other’s focus on no-go trials.
The effect o f the co-actor’s focus o f attention did not decrease throughout the
experiment. This fïnding is somewhat inconsistent with Experiment 1, where a marginal
decrease o f the effect over the course o f the experiment was revealed. Experiments 1 and 4a/b
differ as to whether participants attended to the same or to different stimulus locations. Hence,
the decrease o f the effect o f another’s attentional focus in Experiment 1 may suggest that the
effect is initially increased by attending to the same stimulus (i.e. triangulation), but that this
primary boost decreases as the experiment continues.
No differences between Experiments 4a and 4b were revealed in regard to effects o f a
co-actor’s focus o f attention. Participants specified the co-actor’s focus in task corepresentation when they had visual access to the stimuli o f the other, independent o f whether
they could (4a) or could not (4b) potentially look at each other’s stimuli. Hence, the
knowledge (Experiment 4a) and the belief (Experiment 4b) to have mutual visual access to
identical stimuli as the co-actor similarly made participants take into account how the other
needed to attend to those stimuli.
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Importantly, a direct comparison o f Experiments 3 and 4a/b showed that participants
who could process each other’s stimuli were affected by each other’s focus o f attention
(Experiments 4a and 4b), while participants without mutual visual access to each other’s
stimuli were not (Experiment 3). There are several ways to account for these findings. First,
visual access to the co-actor’s stimuli on no-go trials may have increased awareness o f the coactor’s task and made differences in attentional focus more salient. When the co-actor’s
stimuli could not be attended to (as in Experiment 3), there was no opportunity to relate visual
events in the world to the other’s focus. This interpretation is not in conflict with the
observation that effects o f the co-actor’s task occurred independently o f whose turn it was on
the preceding trial. Although participants most likely did not mentally adopt the other’s focus
on no-go trials, seeing the other’s stimuli may have contributed to keeping the co-actor’s
focus o f attention in mind.
Second, it could be that mutual visual access during go-trials is critical. The conflict in
selecting the appropriate focus o f attention (reflected in slower RTs when the co-actor’s focus
differs) may stem from the fact that the co-actor is attending to the same stimulus with the
intention o f performing a task that requires a different focus o f attention. This interpretation is
in line with earlier findings showing differences in neural activation on go trials performed
jointly versus individually (Sebanz, Rebbechi, Knoblich, Prinz, & Frith, 2007). In this study,
participants showed more activation in brain areas associated with processing self-relevant
information when they responded to stimuli seen by a co-actor, compared to seeing the same
stimuli in an individual context. This indicates that acting together can change the way selfrelevant information (in the form o f go-stimuli) is processed. In the present experiments,
knowing that one’s co-actor is attending to the same stimulus may create a conflict between
two task representations in the case when the two tasks differ.
Third, it is also possible that the belief (Experiment 4b) or experience (Experiment 4a)
ofperceiving the same stimuli as a co-actor leads one to conceptualize the task more as a joint
task and thereby constitutes a precondition for co-representing aspects o f the other’s task.
Seeing only one’s own stimuli (as in Experiment 3) may lead people to conceptualize the task
as an individual one. Future research is needed to determine whether all or only some o f these
factors contribute to the observed effects o f a co-actor’s task, and what their relative
contribution is.
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General Discussion
The present study addressed whether and how co-actors influence each other in terms o f their
attentional relations to events. Specifïcally, we investigated whether differences in co-actors’
attentional foei affect their performance on a perceptual task. Pairs o f participants performed a
Navon task together, either focusing attention on the same or on different features o f Navon
stimuli (local vs. global). Earlier findings show that co-actors represent specifïc aspects o f
each other’s tasks. We predicted that the attentional focus required by a co-actor’s task would
be specified as part o f the co-represented task and exert an effect on performance even when
it is irrelevant for an individual’s own task. Particularly, two different hypotheses were
introduced regarding the consequences o f forming an abstract representation o f the other’s
task. The selection conflict hypothesis predicts that the representation o f a co-actor’s
attentional focus should increase the diffïculty to select and to apply one’s own focus o f
attention when attentional foei differ, resulting in slower responses to any stimulus. The
biased focus hypothesis, by contrast, predicts that participants will adopt a focus that is biased
towards their co-actor’s focus, specifïcally impairing responses to incongruent stimuli when
attentional foei differ, and more so when the co-actor is attending to global features.
In Experiment 1, participants responded more slowly when the co-actor’s task required
a different focus o f attention as compared to when it required the same focus o f attention.
This slow-down occurred even though participants’ task did not necessitate taking their coactor into account. It was equally large for congruent and incongruent stimuli and was
independent o f whether participants’ focus was on global or local features. These findings
indicate that participants represented their co-actor’s task in a way that entailed a specification
o f her or his focus o f attention. When the co-actor’s focus o f attention differed from
participants’ own focus, this led to a conflict in selecting the appropriate focus and increased
the diffïculty to apply one’s own focus o f attention in order to perform the task, as predicted
by the selection conflict hypothesis. There were no indications that representing the other’s
task made participants adopt a focus that was shifted towards the other’s (biased focus
hypothesis).
Experiments 2, 3, and 4 further investigated the mechanisms underlying the observed
effects o f a co-actor’s focus o f attention. The results o f Experiment 2 rule out the possibility
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that receiving instructions about two different foei o f attention is sufficiënt to cause a slow
down in responses. Single participants who received identical instructions as participants
performing the task together did not show a difference in performance depending on whether
the instructions mentioned one or both foei o f attention. This indicates that the effect o f the
other’s focus o f attention observed in Experiment 1 is social in that it depends on the presence
o f a co-acting person.
The results o f Experiment 3 demonstrate that seeing the same stimuli is critical, as no
effect o f the co-actor’s task was observed in the absence o f mutual visual access. However,
triadic joint attention, where both co-actors attend to the same stimulus location, is not a
necessary precondition for effects o f the co-actor’s attentional focus to occur. In Experiments
4a and 4b, the slow down when holding different attentional foei was observed even though
participants attended to different locations on the screen. This indicates that believing (4b) or
knowing (4a) that a co-actor perceives the same stimuli as oneself activates a representation
o f his or her task and induces a conflict in task selection.
The present results extend earlier findings on joint action and joint attention in
showing that people are not only sensitive to a co-actor’s intentional relation to the
environment (Sebanz et al., 2003; Atmaca et al., 2011) or to a co-actor’s perceptual relation to
the environment depending on gaze location (Brennan et al., 2008) or spatial perspective
(Böckler et al., 2011; Böckler & Zwickel, 2012; Samson et al., 2010), but also to differences
in attentional relations. The attentional relation o f a co-actor towards a jointly attended scene
is specified as part of the other’s task representation and affects how participants perform
their own task. Representing tasks that involve different attentional relations (their own and
the other’s) participants experienced a conflict at the level o f task selection, which affected
attention allocation in a top-down manner. Given the fact that the only aspect that differed
between the ‘same-focus’ and ‘different-focus’ condition was the focus required by the coactors’ tasks, it is most likely that the conflict occurred once task representations with
conflicting foei were activated through the stimulus presentation. The difficulty o f selecting
between these task representations increased the difficulty o f selecting the correct focus o f
attention. Similarly, applying and maintaining the selected (adequate) focus in the course of
stimulus processing may be more demanding when the different focus required by the other’s
task is represented. Further research is necessary to reveal the precise time course o f the effect
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o f a co-actor’s attentional focus. Electroencephalography (EEG), for instance, may be well
suited to unravel the attentional and cognitive processes that underlie behavioural effects
reported in the present study.
It could be argued that the difference in reaction times between trials in which both
participants held the same as compared to different attentional foei could as well be
interpreted as a speed-up when both directed their attention to the same aspect rather than a
slow-down when they attended to different aspects. The observed effect consists in a relative
difference in reaction times and based on the present findings we cannot exclude this
possibility. Further research is needed to specify the relative contribution o f facilitation and
interference effects in the present paradigm. Given that earlier studies on task corepresentation have predominantly found effects o f interference rather than facilitation
(Sebanz et al., 2003; Tsai et al., 2006), we think it is more likely that representing the other’s
task led to a conflict in selecting the appropriate focus when the tasks differed. This might
appear disadvantageous from an evolutionary perspective at first (e.g. joint visual search for
different features would be hindered as opposed to joint visual search for the same feature
being enhanced). Taking into account others’ focus o f attention, however, may be beneficial
for predicting and understanding their behaviour during more complex social interactions. It
has been argued, for instance, that effortless perspective taking and the co-representation of
another person’s task may serve to establish common ground (Clark, 1996; Sebanz et al.,
2006) that is needed for successful cooperation.
The present results extend prior research on task co-representation in an important way.
So far, this research has shown that when two people perform reaction time tasks next to each
other, they form representations o f each other’s tasks that specify when it is the co-actor’s
turn to act. This can be seen, for instance, in slower reaction times when participants need to
respond to stimuli that share features with their co-actor’s response (Sebanz et al., 2003;
Milanese, Iani, & Rubichi, 2010; Welsh, 2009), or to stimuli containing features that are taskrelevant for their co-actor (Atmaca et al; Sebanz et al., 2005). As recently proposed by Wenke
et al. (2011), these results can be explained by the assumption that task co-representation (in
the sense o f representing which stimuli require the co-actor to act) impacts performance by
creating demands on processes needed to decide whose turn it is (‘agent identification’). This
assumption, however, cannot easily explain the present results. Representing which stimuli
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require the co-actor to respond should have made it equally easy or difficult to decide whose
turn it is regardless o f the co-actor’s focus o f attention. Instead, the present results suggest
that task co-representation can entail a more fme-grained specifïcation o f parameters required
for task performance, such as the attentional focus to be applied. It remains to be seen whether
other aspects o f task performance such as, for instance, requirements on speed or accuracy are
also taken into account by co-actors.
To conclude, the present study adds to a growing literature on the interplay between
social interaction and cognition by demonstrating that people are sensitive to others’
attentional relations to the environment. Taking into account what others are attending to
might be a means o f creating (attentional) common ground needed to perform joint actions
(Clark, 1996). While our findings do not suggest that interacting with others necessarily
makes us adopt their view o f the world, they do show that in choosing how we want to look at
the world we are affected by how others look at it.
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Does a co-actor’s focus of attention shape
attention allocation and cognitive stimulus
processing?

This chapter is a modified version o f the following publication:

Böckler, A. & Sebanz, N. (2012). A co-actor’s focus o f attention affects stimulus processing
and task performance. An ERP study. Social Neuroscience, 7(6), 565-577.
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Abstract
When acting and attending together, we take each other’s perceptual and intentional relations
to the environment into account. The present study investigated whether people are also
sensitive to a co-actor’s attentional relation to jointly attended events. Two participants sat
next to each other and performed a two-choice Navon task, responding to the identity o f
letters formed by identical (congruent) or different (incongruent) smaller letters while EEG
was recorded. Crucially, participants either held the same focus o f attention (e.g. both
attending to local stimulus features) or different foei o f attention (e.g., one attending to local
and the other to global features). Results revealed a significant slow-down o f responses when
participants focused on different features. Amplitudes o f the occipital PI and parietal occipital
P3 decreased when attentional foei differed. The amplitude o f the fronto-central N2 increased
when the other attended to local as compared to global features. These results suggest that
representations o f a co-actor’s task can include a specifïcation o f his or her focus o f attention.
Taking into account the other’s different attentional relation likely induces a conflict at the
level o f individual task selection, reducing early allocation o f attention (Pl) and enhancing the
need to monitor response initiation (P3).
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Introduction
Previous research suggests that when acting next to each other, people take their co-actor’s
tasks into account and represent which stimuli require the other’s response (Sebanz et al.,
2005; Tsai et al., 2006; Atmaca et al., 2011). For instance, in an Erikson flanker task (Erikson
& Erikson, 1974), participants showed the same pattem o f results when they performed the
task alone and when they performed half o f it together with another person who was
responsible for the complementary part (Atmaca et al, 2011). Thus, when acting together,
participants considered their co-actor’s intentional relation to stimuli as they represented not
only their own, but also the other’s task.
In addition to being sensitive to what their co-actors need to do, people also consider
others’ perceptual relations to a jointly attended environment (Böckler, et al., 2011; Samson et
al., 2010; Tversky & Hard, 2009). When different spatial orientations provided people with
visual access to unequal amounts o f objects (Samson et al., 2010) or with dissimilar views on
the same objects (Böckler et al., 2011; Böckler & Zwickel, 2012; Tversky & Hard, 2009),
they processed these objects not only in relation to their own, egocentric, perspective, but also
in relation to the other’s perspective. This suggests that the way people look at the world is
affected by how their co-actors perceive it.
The question we aimed to address in the present study is whether people also take into
account another person’s attentional relation to the environment, specifying the attentional
focus to be applied by their co-actor as part o f the task representation. To illustrate this with
an example, imagine yourself working alongside others at an assembly line o f a chocolate
factory. You are supposed to inspect whether the right amount o f almonds graces the white
praline in each box. The person next to you needs to ensure that the overall pattem o f white,
brown, and black chocolates in the box is correct. Will your attentional focus be affected by
what your co-worker is attending to? The tasks o f you and your co-workers are the same
(picking out faulty objects) and so are your perceptual relations to the objects (both o f you are
sitting next to each other and perceive the same boxes o f chocolate). What differs is the
attentional relation the two o f you hold towards the objects on the assembly line. While you
focus on local aspects o f the box (the almonds on the white praline), the other holds a global
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focus (monitoring the pattem o f all pralines in the box). Do you take into account the other’s
attentional focus and how does this affects your own attentional relation towards the scene?
Earlier studies from our lab suggest that people’s performance is indeed affected by a
co-actor’s focus o f attention (Böckler, Knoblich, & Sebanz, 2012). In a series o f experiments,
two participants sat next to each other and performed a two-choice task on the identity o f
Navon letters (large letters consisting o f small letters, see Figure 1 previous chapter). Each
participant had to respond to two different letters while the letters assigned to participants
were never intermixed. Thus, participants performed a go-nogo task, never responding to the
same stimuli. The Navon letters presented on the screen could either be congruent (linked to
the same response) or incongruent (linked to different responses). In each block, participants
were instructed to either focus on the local features (small letters) or on the global features
(large letters). Crucially, participants were either required to hold the same or a different focus
o f attention.
We hypothesized that participants would specify the other’s attentional focus in
representing the other’s task. Two different hypotheses were tested as to how this could affect
performance. According to the biased focus hypothesis, co-actors would be biased towards
the focus o f the other, shifting their own local focus towards the other’s global focus or, vice
versa, narrowing their global focus when the co-actor focused on the local features. This
should impact performance especially on incongruent trials, since different responses are
associated with the local and the global stimulus features. Moreover, since global features are
processed more readily (a phenomenon known as global precedence; Navon, 1977; 1981;
2003; Kimchi, 1992), the co-actor’s focus should have a larger effect when it is global and the
participant’s focus is local. By contrast, the selection conflict hypothesis predicts that the
representation o f the other’s different task generally increases the difficulty o f selecting and
maintaining one’s own focus of attention. This hypothesis assumes that the representation o f
how the other needs to focus attention induces a conflict as to which focus to select when the
other’s focus is different. Accordingly, when the other holds a different focus, responses
should slow down equally in congruent and incongruent trials, and independent o f whether
local or global features are attended to.
Results revealed slower responses when people attended to different stimulus aspects,
indicating that people held a representation not only o f their own, but also o f the other’s
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attentional focus. Crucially, fïndings corroborate the selection conflict hypothesis that
postulates a conflict at the level o f selecting the appropriate focus. The increase o f reaction
times (RTs) for different foei o f attention was found for both congruent and incongruent
stimuli, and independently o f whether participants held a local or a global focus.

The present study
The present study aimed at investigating in more detail how a co-actor’s attentional focus
exerts its influence. Previous behavioural experiments did not examine how the other’s
attentional focus affects the way people attend to, perceive, and/or process their own stimuli.
This is informative in regard to dissociating between the selection conflict hypothesis and the
biased focus hypothesis. Previous findings favored the selection conflict hypotheses, as RTs
increased equally in congruent and incongruent trials and regardless o f whether participants
attended to local or to global features. However, shifts towards the focus o f the other may
have occurred without being reflected in RTs. Adopting a biased attentional focus might have
increased conflict and processing demands in incongruent trials, but this could have been
resolved before responses were carried out. Investigating the time course o f the processes
underlying the behavioural findings allows for a more fïne-grained examination o f the two
hypotheses.
Moreover, earlier experiments could not address how stimuli requiring the co-actor’s
response (nogo trials for participants) were processed. It could be, for instance, that
participants adopted the focus o f the other when perceiving their stimuli. If this was the case,
the observed slow-down when attentional foei differed may have been due to costs of
switching between one’s own and the other’s attentional focus.
In order to address these questions, EEG was recorded in pairs o f participants
performing a Navon task while either attending to the same aspect (e.g. both attending to the
global features) or attending to different aspects (e.g. one attending to the global, the other to
the local feature). Event-related brain potentials (ERPs) can be recorded with high temporal
resolution and reveal the temporal organization o f attentional and cognitive processes. As
such they allow investigating whether participants adopt the other’s focus in go or in nogo
trials.
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The effect o f a co-actor’s (different) focus o f attention was assessed by means o f the
following components. P l. This positive deflection around 100 ms following stimulus onset
reflects activation o f extrastriate visual areas when processing physical stimulus attributes
(Hillyard & Picton, 1987). The amplitude (but not the latency) o f the P l increases when
selective attention is directed to the stimulus location (Mangun & Hillyard, 1990; 1991;
Schuller & Rossion, 2001). Han and colleagues found the P l amplitude to be enhanced when
participants focused on local features in a Navon task (Han et al., 1997; but see Heinze &
Münte, 1993), showing that selective attention to specific levels o f hierarchical stimuli can
modulate early visual processing. The authors argued that allocation o f attention to a relevant
stimulus feature increases the amplitude o f the P l. If co-representation o f the other’s focus o f
attention influences early allocation o f selective attention, the amplitude of the P l should be
modulated by whether the other’s focus is similar or different. Specifïcally, if the other holds
a different focus o f attention, allocation o f attention to the relevant stimulus feature should be
reduced and the amplitude o f the P l should decrease. While the selection conflict hypothesis
suggests a general effect o f the other’s different focus (general decrease o f Pl amplitude), the
biased focus hypothesis predicts a larger decrease when the other’s focus is global (dominant).
However, allocation o f attention as reflected in the P l may be too early in the course o f
stimulus processing to reliably distinguish between the two hypotheses.

N2. The N2 reflects perceptual processing linked to identification and classification o f
stimuli (Mulder, 1986; Han et al., 1997). In tum-taking tasks, the fronto-central N2 has been
related to cognitive control processes involved in response inhibition when it is the other’s
turn and in deciding to respond when it is one’s own turn (see Folstein & Van Petten, 2008,
for an overview). Delayed and increased peaks o f the anterior N2 have been reported for
processing local as compared to global features and for processing incongruent as compared
to congruent stimuli (Han et al., 1997). A crucial question o f our study was whether
participants’ own focus would shift towards the focus o f the other when attentional foei differ
(biased focus hypothesis). Such shifts should be cognitively demanding especially in
incongruent trials, as in those trials, global and local features are linked to different responses
and shifting one’s focus towards the different focus o f the other would increase conflict. If
differences between incongruent and congruent trials are enhanced in the fronto-central N2
when the other holds a different attentional focus, this would corroborate the biased focus
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hypothesis. If, by contrast, the fronto-central congruency effect is independent o f the other’s
focus, this would strengthen the selection conflict hypothesis.
Larger amplitudes when processing local as compared to global features also have
been reported for the posterior N2, especially in the left hemisphere (Han et al., 1997; 1999;
Heinze & Münte, 1993). This posterior N2 was argued to reflect the asymmetrical global RT
advantages (Martin, 1979; Sergent, 1982). If the focus o f the co-actor affects participants’
hierarchical processing, this should be reflected in the posterior N2. According to the biased
focus hypothesis, the effect o f the co-actor’s focus o f attention should be more pronounced
when the other holds a global focus, since global features are dominant in the processing
hierarchy (Kimchi, 1992;Navon, 1981).

P3. The P3 component is sensitive to the allocation o f attention (Kok, 2001, Polich,
1987) in that the amplitude o f the P3 decreases for tasks requiring increasing attentional
resources (Polich, 2007). It has been argued that the posterior P3 reflects a mediation process
between perceptual analysis and response initiation, such as monitoring whether the stimulus
classification is appropriately transformed into action (Verleger, Jaskowski, & Wascher,
2005). In Navon tasks, the amplitude o f the P3 was found to be larger when attention was
paid to global features as compared to local features and when congruent as compared to
incongruent stimuli were processed (Proverbio, Minniti, & Zani, 1998; Flan et al., 1997). If
representing the co-actor’s task that requires a different attentional focus generally enhances
the attentional and/or monitoring demands for participants’ own stimuli (selection conflict
hypothesis), this should be reflected in an overall decrease o f the P3 amplitude. In contrast,
the biased focus hypothesis predicts stronger effects o f the other’s different focus when trials
are incongruent and when the other holds a global focus.

Nogo N2 and P3. Finally, in order to investigate how stimuli o f the co-actor were
processed, electrophysiological components were examined time-locked to stimuli o f the coactor. If participants adopted the other’s focus when perceiving her stimuli (on nogo trials),
this could potentially account for our previous findings (slower responses when foei differ), as
it would make it more difficult to apply their own attentional focus on go trials where foei
differ. Amplitudes o f the N2 and P3 were analyzed time-locked to the stimuli o f the co-actor.
I f the other’s focus were adopted, amplitudes elicited by the co-actor’s stimuli should change
according to the focus o f the other. In contrast, if the other’s focus is not adopted, these
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components should be unaffected by attentional focus altogether or reflect participants’ own
focus o f attention.

Methods

Participants. Ten pairs o f undergraduate students (mean age 24 years; 10 female; 17 right
handed) participated in the experiment and received course credits or payment for
participation. All o f them reported normal or corrected-to-normal vision and signed informed
consent prior to the experiment.

Stimuli and Procedure. Participants were tested in pairs sitting next to each other (see Figure
1 previous chapter) with a viewing distance o f 70 cm to the 22-in TFT monitor. Ambient light
was kept at a constant level.
Navon stimuli were large letters (2.3° x 3.8° visual angle) consisting o f small letters
(0.24° x 0.5° visual angle) according to a 6x7 matrix. Each participant was assigned two
letters (participant A: F and S; participant B: H and O). Letters could be congruent (e.g. an F
made o f Fs or an S made o f Ss) or incongruent (an F made o f Ss or an S made o f Fs), while
letters o f the two participants were not intermixed (e.g. there were no Ss made o f Hs). Thus,
eight different stimulus letters were presented equally often in a randomized order: an F made
o f Fs, an S made o f Ss, an F made o f Ss, an S made o f Fs, an H made o f Hs, a O made o f Os,
an H made o f Os, and a O made o f Hs.
Each trial started with the presentation o f a fixation cross (0.8° visual angle) at the
centre o f the screen. 900 ms later, a letter appeared at one o f four possible locations (0.8°
visual angle around the fixation cross) for 200 ms. Following participants’ responses (or a
maximum o f 1100 ms), the screen stayed blank for another 700-1000 ms (randomized
intertrial interval).
Stimuli appeared in randomized order and participants were asked to only respond to
their own letters as fast and as accurately as possible by pressing one of two keys with their
index fingers o f the left and right hand (two-choice). Responses were collected using two
button boxes with two horizontally arranged keys. Carton boxes were placed above
participants’ hands in order to prevent them from perceiving each other’s responses.
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The experimental session consisted o f a practice block and twelve experimental blocks.
Each block contained 48 trials and was followed by a short rest. Ahead o f each block,
participants were informed about their own and the other’s focus o f attention through written
instructions on the screen (e.g. “Participants A responds to the large letters, Participant B
responds to the small letters”). Participants focused on the global aspect o f the stimulus (large
letters) in six blocks and on the local aspect (small letters) in the other six blocks. In half o f
these blocks, the co-actor attended to the same aspect (e.g. global when they attended to
global) and in the other half, the co-actor attended to the other aspect o f the stimulus (e.g.
local when they attended to global). Each o f these four combinations o f own (global versus
local) and other’s task (same versus different), hence, appeared in three blocks. The specifïc
assignment o f own and other’s task changed blockwise in such a way that the four different
combinations o f tasks were shuffled three times in a row. Overall, the experimental session
took about 50 minutes.

Psychophysiological recordings and data analysis. The EEG o f both participants was
recorded continuously from 32 Ag/AgCl electrodes according to the international 10-20
system (FPl, FP2, F3, F4, F7, F8, FC l, FC2, FC3, FC4, C3, C4, T7, T8, P3, P4, P7, P8, P03,
P 04, P 07, P 08, O l, 0 2 , Fz, FCz, Cz, Pz, and POz). AFz served as ground electrode. All
electrodes were referenced online to a right mastoid electrode. Vertical electroocular (vEOG)
and horizontal EOG (hEOG) activity were registered above and below the left eye and from
the left and right outer canthi, respectively.
Electrode impedance was kept below 5kQ. EEG and EOG were filtered online using a
70 Hz low pass filter and a time constant o f 15 s. All EEG signals were digitized with a
sample frequency o f 250 Hz. Trials containing blinks were corrected off-line using Brain
Vision Analyzer. Remaining artefacts were eliminated semi-automatically according to visual
inspection. Trials with hEOG or vEOG activity exceeding a range o f 25 (iV during the epoch
were discarded from all analyses. Off-line data were referenced to the mastoids. The EEG
epochs were then averaged separately for each participant and experimental condition and
aligned to a 200 ms baseline preceding stimulus onset. Epochs o f 700 ms were analyzed.
In line with earlier PI literature, we focused on the electrodes with largest PI
amplitudes, namely O l, 0 2 , P 03, and P04. By means o f automatic peak detection, positive
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peaks were identified between 100 and 120 ms following stimulus onset. Amplitudes (mean
activity) were analyzed in the time range from 100 to 120 ms.
N2 latencies were analyzed at fronto-central electrode sites (FCz, Cz, FC1, FC2, FC3,
and FC4) and amplitudes (mean activity) were analyzed at the same fronto-central and at
posterior electrode sites (Pz, POz, Oz, P3, P4, P7, P8, P 03, P 04, P 07, P 08, O l, 02). By
means o f automatic peak detection, latencies o f negative peaks were identified between 200
and 290 ms. Amplitudes (mean activity) were analyzed in the time range between 240 and
290 ms following stimulus onset.
P3 latencies and amplitudes (mean activity) were analyzed at parietal and occipital
electrodes (Pz, POz, Oz, P3, P4, P7, P8, P 03, P04, P 07, P 08, O l, 02). Amplitudes (mean
activity) were analyzed in the time range from 270 to 370 and in the time range from 370 to
450 ms.
In order to investigate how participants processed their co-actors’ stimuli, the N2 and
P3 were analyzed time-locked to the stimuli o f the co-actor.

Data analysis. Repeated measures ANOVAs (model 1) were performed on RTs, error
rates, and ERP measures including the variables Own focus o f attention (global versus local),
Other’s focus o f attention (same focus versus different focus), and Congruency (congruent
versus incongruent). Huynh-Feldt corrections (Huynh & Feldt, 1976) were applied if
necessary. Planned single comparisons were performed by means o f two-tailed t-tests.

Results

Behavioural results.
Reaction times. Two participants were excluded due to error rates that were more than two
Standard deviations above average. Results are depicted in Figure 1. Only trials with correct
responses were included in the analysis. A main effect o f Congruency was found [F(l, 17) =
60.9, p < .001], due to faster responses to congruent as compared to incongruent letters.
Participants responded faster to the global as compared to the local stimulus feature [F(l, 17)
= 30.5, p < .001]. Congruency effects, even though present in both conditions [ts(17) > 5.1, ps
< .001], were larger in the local as compared to the global condition (two-way interaction o f
Own focus o f attention x Congruency [F(l, 17) = 39.6, p < .001]).
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A main effect o f Other’s focus o f attention was revealed [F(l, 17) = 5.0, p < .05], due
to slower responses when the co-actor attended to the different aspect o f the stimulus than to
the same aspect. This effect was not modulated by Congruency or Own focus o f attention
[Fs(l, 17) < 1]. Hence, the slow-down elicited by the other’s different focus o f attention did
not differ between congruent and incongruent trials and appeared independently o f whether
participants themselves held a local or a global focus.

Self local

Congruent

Self global

Incongruent

Congruent

Incongruent

Figure 1: Reaction times. Error-bars display within-subject confidence intervals based on Loftus &
Masson, 1994.

Error rates. Mean error rate was 3.1%. A main effect o f Congruency was found [F(l, 17) =
48.3, p < .001] as participants responded more accurately to congruent letters.

Electrophysiological results. The same two participants who were excluded from behavioural
analysis were excluded from ERP analysis.

Go trials.
P l. The PI amplitude was significantly decreased when the co-actor held a different focus o f
attention at electrode sites 01 and 0 2 [F(l, 17) > 4.7, p < .05] (see Figure 2). There was a
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trend towards the same effect at electrode sites P 03 and P 0 4 [F(l, 17) > 3.1, p < .08]. No
other significant main effects or interactions [F(l, 17) > 1] were revealed.

PI

Figure 2: Grand-averaged PI waveforms for holding the same (dotted line) and different (solid line)
attentional foei at parietal occipital sites (P03, P04, O l, and 02).

N2. Latency. The peak latency was significantly delayed when participants focused on local
as compared to global letters at electrode sites FC1, FC2, FC3, and FC4 [Fs(l, 17) > 7.0, ps
< .01]. The factor Congruency reached significance at FC1 and FC3 [Fs(l, 17) > 4.0, ps < .05],
as the N2 peaked later for incongruent as compared to congruent stimuli. Additionally, a
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significant 2-way interaction o f Congruency and Own focus o f attention was found at FC1
and FC3 [Fs(l, 17) > 4.0, ps < .05], due to a delay on incongruent trials when participants
focused on the local aspect [t( 17) > 2.3, p < .05], but not when they focused on the global
aspect [t(l 7) < 1], The effect o f Congruency was not modulated by Other’s focus o f attention
[Fs(l, 17) < 1].

N2. Amplitude. A significant main effect for Own focus o f attention was found at left parietal
and at occipital electrode sites (P3, P7, P 03, P 07, P 08, 0 1 , 02) [Fs(l, 17) > 4.9, ps < .05],
due to more negative amplitudes when local as compared to global letters were attended to.
A significant two-way interaction o f Own focus of attention (global versus local) and
Other’s focus o f attention (same versus different) was found at FCz, Cz, FC2, and FC4 [Fs(l,
17) > 4.2, ps < .05], as N2 amplitudes increased when the other held a local focus o f attention
(independent o f participants’ own focus) (see Figure 3). No other effects or interactions
reached signifïcance [Fs(l, 17) < 1].

N2

Figure 3: Grand-averaged N2 waveforms for the co-actor holding a global (grey line) and a local
(black line) focus of attention at a fronto-central electrode site (FCz).
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P3. Latency. No significant main effects or interactions were found for latencies o f the P3
component [Fs(l, 17) < 1],

P3. Amplitude. The P3 amplitude was more positive when participants attended to global as
compared to local letters at electrode sites Pz, POz, Oz, P3, P4, P7, P8, P 03, P 04, P 07, P08,
0 1 , and 0 2 [Fs(l, 17) > 15.9, ps < .001] and occurred between 270 and 370 ms and between
370 and 450 ms. Furthermore, the P3 amplitude was larger for congruent as compared to
incongruent stimuli at electrodes P3, P7, P8, P 03, P 04, P 07, P 08, O l, and 0 2 [Fs(l, 17) >
6.1, ps < .05] and was present in both time ranges. Finally, when participants attended to
different aspects, amplitudes decreased at electrodes P 07, P 03, O l, and 0 2 [Fs(l, 17) > 4.9,
ps < .05] (see Figure 4). This difference occurred between 270 and 370 ms. No interaction o f
Congruency and Other’s focus of attention was found [Fs(l, 17) < 1].
When the additional factor Hemisphere (left hemisphere versus right hemisphere) was
included in the analysis, it interacted significantly with Other’s focus o f attention [F(l, 17) =
7.0, p < .05]. This was due to a significant decrease o f the P3 amplitude when the co-actor
held a different focus o f attention in the left hemisphere [F(l, 17) = 4.9, p < .05], but not in
the right hemisphere [F(l, 17) < 1.3]. Hemisphere did not interact with any other factors.

No 20 trials.
N2. Latency and Amplitude. No significant effects or interactions were found [Fs(l, 17) < 2.0],

P3. Latency. No significant main effects or interactions were found for latencies o f the P3
component [Fs(l, 17) < 1].

P3. Amplitude. A significant main effcct o f Own focus o f attention was revealed at electrode
sites Pz, POz, Oz, P3, P4, P8, P03, P 04, P 0 7 , P 08, O l, and 0 2 [Fs(l, 17) > 4.8, ps < .05],
This was due to larger P3 amplitudes when participants focused on global as compared to
local letters. The Other’s focus o f attention did not affect P3 amplitudes [Fs(l, 17) < 1].
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, _ global congruent

— global incongruent
—- local congruent
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Figure 4: P3. See next page
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Figure 4: P3.
A. Grand-averaged P3 waveforms for the participants’ own focus of attention and both congruency
conditions at parietal electrode sites (P3 and P03).
B. Grand-averaged P3 waveforms for the co-actor holding the same (dotted line) or a different (solid
line) focus of attention at parietal electrode sites (P03 and P07).
C. Subtraction maps for the P3. Left: Subtraction map for global minus local focus of attention in the
time range between 372 and 452 ms after stimulus onset. Middle: Subtraction map for incongruent
minus congruent stimuli in the time range between 372 and 452 ms after stimulus onset. Right:
Subtraction map for same minus different attentional foei in the time range between 272 and 352 ms
after stimulus onset.

Discussion
First, the present study replicated established fmdings on the processing o f Navon stimuli. In
line with previous research, both behavioural and electrophysiological results revealed a
congruency effect and global precedence, suggesting that responding to local letters and to
incongruent stimuli was especially demanding. Participants responded slower and less
accurately to incongruent than to congruent stimuli, and incongruent trials elicited increased
N2 latencies and decreased P3 amplitudes (Han et al., 1997). Participants were slower in
responding to local than to global letters and N2 latencies were longer, left posterior N2
amplitudes were larger, and P3 amplitudes were decreased for local focus o f attention (Heinze
& Münte, 1993). Congruency effects in response times and the N2 latencies were larger for
the local focus.
Second, the present results corroborate earlier behavioural fmdings on joint task
performance (Böckler et al., 2012). In line with previous experiments, the present results
revealed a general slow-down when co-actors attended to different stimulus aspects,
indicating that participants took the other’s focus o f attention into account. The slow-down
when the co-actor’s attentional focus differed was independent o f stimulus congruency and
occurred irrespective o f the focus participants held themselves. This suggests that
representing the focus required by the other’s task made it generally more difficult for
participants to select and apply their own focus. Even though global precedence occurred,
participants were not more prone to taking the other’s global focus into account than they
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were to taking the other’s local focus into account. This favors the selection conflict
hypothesis, which predicts that conflict between selecting one’s own and the other’s focus
occurs independent o f stimulus congruency and the dominance o f the focus in the processing
hierarchy.
To better understand how attentional and cognitive processes are affected by a coactor’s focus o f attention the present study relied on the analysis o f ERPs. First, amplitudes o f
the PI were signifïcantly reduced when the co-actor held a different focus o f attention,
showing that early stimulus processing was modulated depending on whether the other held
the same or a different attentional focus. The P I is sensitive to how well attention is focused
on a stimulus location (Mangun & Hillyard, 1990; 1991; Schuller & Rossion, 2001) or a
stimulus feature (Han et al, 1997). Thus, the co-actor holding a different attentional focus
likely decreased participants’ attention on the stimulus aspect they needed to focus on. This is
in line with the selection conflict hypothesis, which states that representing what another
person focuses on generally increases the diffïculty to select one’s own attentional focus when
attentional foei differ. The fïnding that representing the task o f the other affects early
processes o f attention allocation is a first indication o f top-down effects o f task corepresentation on attentional processing as early as 100 ms following stimulus onset.
Representing how a co-actor’s attentional focus is to be set seems to affect the allocation o f
one’s own focus o f attention.
Note that we did not fmd larger amplitudes o f the PI when participants’ own task was
to focus on local compared to global aspects (in line with Heinze & Münte, 1993, but opposed
to Han et al., 1997). This may be due to the fact that we presented stimuli at variable locations
around fïxation, whereas in Han et al.’s study stimuli were presented centrally. Presenting
stimuli in varying locations may have increased the diffïculty o f allocating attention to local
features.
In addition to the observed PI modulation, the P3 amplitude decreased at left parietal
occipital electrode sites when the co-actor’s task required the opposite attentional focus. This
decrease when foei differed may indicate that responding to different stimulus features than
the co-actor was more demanding in terms o f monitoring the transition from stimulus
processing to response initiation (P3b, Verleger et al., 2005; Verleger 2008) or in terms o f the
intemal decision-making process (Nieuwenhuis, Aston-Jones, & Cohen, 2005). This supports
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the selection conflict hypothesis according to which representing the other’s different focus
makes it generally harder to select and apply one’s own focus o f attention. Importantly, we
found no indications o f increased congruency effects in latencies or amplitudes o f the P3
when participants held different attentional foei, indicating that participants were not biased to
adopt a focus that was shifted towards the other’s (biased focus hypothesis). Similarly, the
other’s different focus did not exert a stronger effect when it was directed to global features,
which further dissents from the biased focus hypothesis and corroborates the selection conflict
hypothesis. The effect o f the other’s focus o f attention on P3 amplitudes was found at
posterior electrode sites. Some of the suggested neural generators o f the P3 component (see
Verleger, 2008) are located in posterior parietal areas, such as the PPC, which serves goaldirected attention and visuomotor integration (Bledowski, Prvulovic, Hoechstetter, Scherg,
Wibral, & Goebel, 2004). This topography substantiates our interpretation o f the present P3
result as an indicator o f increased demands on planning appropriate responses to one’s own
stimuli when representing the attentional focus required by the co-actor’s task.
Finally, N2 results did not pro vide any evidence for the biased focus hypothesis. This
hypothesis predicted enhanced differences between incongruent and congruent trials in the
fronto-central N2 when the other holds a different attentional focus. Latencies o f the frontocentral N2 were longer for incongruent stimuli and when local stimuli had to be attended to.
However, the other’s focus o f attention did not interact with stimulus congruency. The biased
focus hypothesis also predicted effects o f the co-actor’s focus o f attention on the posterior N2,
which reflects hierarchical processing. According to this hypothesis, the effect o f the coactor’s focus o f attention should be more pronounced when the other holds a global focus,
since global features are dominant in the processing hierarchy. No effects o f the co-actor’s
attentional focus on the posterior N2 were revealed, indicating that hierarchical stimulus
processing was not affected by the othcr’s attentional focus.
To summarize, the PI and P3 results suggest that participants represented not only
their own task, but also the other’s task in terms o f the attentional focus to be applied. This
impaired early allocation o f attention and made the monitoring o f response initiation more
difïïcult. These effects were not modulated by stimulus congruency or by participants’ own
focus, which suggests that participants, even though holding a task representation that
specified what their co-actor needed to focus attention on, did not actually adopt the co-
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actor’s attentional focus. These results are in line with the selection conflict hypothesis. The
N2 results indirectly support this interpretation, as there was no indication that participants
adopted their co-actor’s focus.
Flowever, there is one aspect o f the N2 results that merits further discussion.
Amplitudes of the fronto-central N2 were more negative when the co-actor held a local focus
o f attention independent o f participants’ own attentional focus. Given that the N2 amplitude
has been associated with deciding whether it is one’s turn to act (Folstein & Van Petten,
2008), this fmding suggests that considering the stimulus aspect that was relevant for the coactor’s task may have affected how easily participants could classify a given stimulus as a gostimulus. The present experiment required participants to decide for each stimulus whether
they needed to respond or not. In such go-nogo tasks, the classifïcation o f a given stimulus as
a go-stimulus demands cognitive control. Accordingly, the present results suggest that the
control demand was higher when the co-actor needed to attend to local features. This suggests
that participants focused on the stimulus feature the other needed to respond to when
classifying a given stimulus as theirs or the other’s. Since processing local stimuli is more
demanding than processing global stimuli (Navon, 1981; Kimchi, 1992), cognitive demand
increased when they attended to local features. It is important to note that this effect was not
reflected in behavioural measures, suggesting that by increasing cognitive control the task
could be solved equally well for the other holding a local or a global focus. While this fïnding
shows that people are sensitive to the stimulus aspect that is relevant for their co-actor’s task,
it does not corroborate the biased focus hypothesis, since this hypothesis predicted a larger
influence o f the other’s task when the focus required by the other’s task was global rather than
local.
A fïnal question we aimed to address with the current study concerns how the coactor’s stimuli are processed. Results suggest that participants processed stimuli o f the other
according to their own attentional focus. P3 amplitudes on nogo trials decreased when
participants focused on local as compared to global letters, mirroring the fmdings o f P3
amplitudes locked to participants’ own stimuli. This suggests that participants did not adopt
their co-actor’s attentional focus when it was the co-actor’s turn to respond. Taken together,
while participants did not adopt their co-actor’s focus o f attention in either go or nogo trials,
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they formed a representation o f the other’s task that specified what the other needed to focus
on, which, in turn, increased the difficulty to select and apply their own attentional focus.
Our findings extend previous research on joint attention and perspective taking
(Böckler et al., 2011; Samson et al., 2010; Tversky & Hard, 2009) in showing that a coactor’s attentional focus is represented even when perceptual relations (visual perspectives)
and intentional relations (tasks) do not differ. More specifically, the present results are the
first to show that specifying a co-actor’s focus o f attention as part o f representing his or her
tasks affects how people attend to and process their own stimuli. Generally increased reaction
times for different foei o f attention indicate that participants represented what feature their coactors needed to focus their attention on, which made it more difficult for them to select and
apply their own attentional focus. The conflict on the level o f selecting and applying the
appropriate focus was reflected in less focused attention in early stages o f stimulus processing
(P l) and in higher demands on monitoring response initiation (P3) when the other held a
different attentional focus. Neither reaction times nor electrophysiological components
provided evidence that participants shifted their attentional focus towards the focus o f the
other when attentional foei differed. Furthermore, participants did not adopt the other’s
attentional focus on nogo trials, suggesting that none o f the observed effects are due to taskswitching costs.
The present study adds to the joint action and joint attention literature that has shown
how social interaction shapes our attention and perception (Richardson & Dale, 2005;
Richardson et al., 2007; Brennan et al., 2008; Welsh et al., 2007). People are sensitive to
others’ attentional relations to the environment even when perceptual relations and task are
identical. Getting back to the chocolate factory, this suggests that you do take into account
what your colleague is focusing on. While this does not make you adopt her attentional focus,
it affects how you attend to the scene and how you process task-relevant stimuli. Although the
present study used interference as a measure o f the extent to which a co-actor’s focus was
considered, taking into account others’ attentional relations in joint settings entailing more
complex coordination requirements may be beneficial. Representing what a co-actor does,
perceives, and attends to may facilitate joint actions by helping actors establish a common
ground from which each other’s actions can be understood, predicted, and complemented
(Clark, 1996; Sebanz et al., 2006; Knoblich et al., 2011).
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Face to face: Do observed attentional relations
between others modulate gaze following?
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This chapter is a modified version o f the following publication:

Böckler, A., Knoblich, G., & Sebanz, N. (2011). Observing shared attention modulates gaze
following. Cognition, 120, 292-298.
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Abstract
Humans’ tendency to follow others’ gaze is considered to be rather resistant to top-down
influences. However, recent findings indicate that gaze following depends on prior eye
contact with the observed agent. Does observing two people engaging in eye contact (thus, in
an attentional relation) also modulate gaze following? Participants observed two faces on a
computer screen looking at each other or away from each other before jointly shifting gaze to
one o f two locations. Targets appeared either at the cued location or at the non-cued location.
In three experiments, gaze cueing effects (faster responses to objects appearing at the cued
location) were found only when the two faces had looked at each other before shifting gaze.
In contrast, no effects o f gaze following were observed when the two faces had looked away
from each other. Thus, the attentional relation between observed people modulates subsequent
gaze following. This extends earlier findings in showing that humans, besides taking each
other’s perceptual and attentional relations to events into account, are also sensitive to
attentional relations between others.
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Introduction
Social interactions crucially depend on joint attention. Joint attention underlies the temporal
and spatial coordination o f interpersonal actions (Clark & Krych, 2004; Richardson & Dale,
2005; Sebanz et al., 2006; Williamon & Davidson, 2002) and is a central component of
reading others’ minds (Baron-Cohen, 1991). From early childhood on, humans are highly
motivated to share attention with others (Tomasello & Carpenter, 2007) and this tendency
may play a crucial role in the development o f capabilities like imitation and language
(Hobson, 2002; Tomasello et al., 2005). Recent evidence suggests that people effortlessly take
their co-attendees’ perceptual and attentional relations to jointly attended events into account.
When attending from different spatial perspectives, for instance, the way people verbally
describe and cognitively process the attended scene is affected by the other’s view (Böckler,
Knoblich, & Sebanz, 2011; Böckler & Zwickel, 2012; Tversky & Hard, 2009). When
perceptual relations are similar, but co-attendees differ in regard to which aspect o f the jointly
attended scene each o f them focuses attention on, people represent the other’s focus o f
attention, which affects how they attend to the scene themselves (Böckler et al., 2012;
Böckler & Sebanz, 2012).
On a basic level, joint attention is supported by a reflex-like predisposition to follow
con-specifics’ gaze. Seeing someone looking in a particular direction elicits rapid shifls o f
attention to the same location, as demonstrated by reaction time benefits for targets that
appear at the gazed-at location (Driver et al., 1999; Friesen & Kingstone, 1998; Hietanen,
1999; Langton & Bruce, 1999). The tendency to follow gaze is often described as a reflex-like
process and it has been demonstrated that gaze following occurs in several group-living
species (ravens: Bugnyar et al., 2004; goats: Kaminski et al., 2004; macaques: Ferrari, Kohier,
Fogassi, & Gallese, 2000; great apes: Brauer et al., 2005). In humans, gaze following
develops early in infancy (D’Éntremont et al., 1997; see also Caron, Butler, & Brooks, 2002;
M eltzoff & Brooks, 2007) and is also found in children with autism (Kylliainen & Hietanen,
2004). Studies addressing how characteristics o f the observed face affect gaze following
suggest that gaze following is quite resistant to top-down influences. The identity (Frischen &
Tipper, 2004), the emotional expression (Bayliss, Frischen, Fenske, & Tipper, 2007; Hietanen,
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Leppanen, 2003), and the trustworthiness (Bayliss & Tipper, 2006) o f faces does not
modulate gaze following.
Even though gaze following seems to occur rather automatically, recent evidence
indicates that it can be modulated by the attentional relation between the gazer and the
follower. Bristow and colleagues (2007) showed that gaze following was more pronounced
for eyes that had previously looked at the participant (Bristow et al., 2007) than for eyes that
had been averted. Similarly, when infants viewed videos o f adults, they followed their gaze
only when direct eye contact had been established beforehand (Senju & Csibra, 2008). The
authors suggested that perceiving direct eye contact may affect subsequent attentional
processing (for an overview, see Senju & Johnson, 2008). In particular, eye contact may
provide a social signal that can take the role o f an ostensive cue. As such, eye contact
communicates to the gazed-at person that she is the addressee o f an informative intent and
that the upcoming gaze is going to be meaningful (Csibra & Gergely, 2009).
Taken together, research on joint attention and gaze following revealed that humans
are affected by their co-actor’s relation towards the jointly attended environment and by
attentional relations with others (i.e. mutual gaze). The aim o f the present study was to
investigate whether humans are also sensitive to observed attentional relations between other
agents. Does observing eye contact (that is, an attentional relation) between others also affect
how their subsequent (gaze) behaviour is processed? There is an important difïerence between
being engaged in an attentional relation with others and observing an attentional relation
between others. The observer is not addressed directly and there is no informative intent
towards him. Shared attention that is merely observed lacks communicative properties and is
not, strictly speaking, an ostensive signal (Csibra & Gergely, 2009). Whereas modulation o f
attention has been shown for the experience o f eye contact (Senju & Johnson, 2008), there is
no evidence so far that observing eye contact between others can also modulate subsequent
attentional processing. If experiencing eye contact and being the addressee o f the gazer’s
communicative intent are crucial for subsequent following o f gaze, observing others looking
at each other should not modulate gaze following.
However, observing shared attention may still allow an observer to derive whether an
upcoming action or gaze is meaningful. This could be achieved by mapping an observed
attentional relation between two agents and an object onto one’s own previous experiences o f

122

Chapter 6 - Observed Attentional Relations & Gaze Following
sharing attention towards an object with another agent (Barresi & Moore, 1996). Thus, even if
one is not the intended addressee, observing shared attention in others may still convey the
significanee o f subsequent (gaze) behaviour.
Three experiments tested whether gaze following is modulated by the observation o f
two individuals sharing attention. Participants saw two faces on a screen that were either
looking at each other or away from each other before shifting their gaze towards or away from
a response target (Figure 1). If observing two individuals sharing attention has similar effects
as sharing attention with another individual, larger gaze cueing effects are expected after two
observed individuals have looked at each other as compared to when they have looked away
from each other.

Experiments 1 to 3
Methods

Participants. 72 students (mean age 22.2 years; 58 female; 65 right handed) were randomly
assigned to one o f the three experiments and received payment or course credits for
participation.

Stimuli. In Experiment 1, schematic drawings o f horizontally aligned faces were used (see
Figure IA). Faces were tumed towards each other and looked straight ahead, but not directly
at participants. After looking at each other (attention shared) or away from each other
(attention not shared), the two faces simultaneously gazed to the upper or to the lower side of
the screen. In Experiment 2, the faces were aligned vertically (see Figure 1B) and directly
faced each other. After looking at each other (attention shared) or away from each other
(attention not shared), the two faces gazed to the left versus right side o f the screen. In
Experiment 3, photographs o f two horizontally aligned faces were shown (see figure IC). The
faces had closed eyes before tuming heads and eyes towards each other (attention shared) or
away from each other (attention not shared). Subsequently, they gazed up or down.
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Figure 1. Schematic illustration o f the stimuli and the event sequence in Experiment 1-3. After
looking straight ahead, the two faces gazed at each other or away from each other, and then
simultaneously shifted their gaze to a location that was either congruent or incongruent with the target
location. In Experiment 1, drawings of human faces were aligned horizontally and the target objects
appeared above or below the faces (Panel A). In Experiment 2, drawings of human faces were aligned
vertically and the target objects appeared to the left or right (Panel B). In Experiment 3, photographs
of human faces were aligned horizontally and the target objects appeared above or below the faces
(Panel C).
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Procedure. Stimuli were presented on a 17-inch TFT monitor, using ‘Presentation’ software.
Participants were instructed to press one o f two buttons in response to the identity o f a piece
o f fruit (apple or pear; two-choice task). Each trial started with the central presentation o f the
two faces. After 900 ms, the two faces either looked at each other (attention shared) or looked
away from each other (attention not shared). After 1200 ms, a fixation cross appeared
between the two faces for 500 ms in order to draw participants’ attention to the centre
regardless o f where they had looked before. Subsequently, both faces looked at one o f the two
target locations. Following stimulus onset asynchronies o f 500, 600, or 700 ms a picture o f an
apple or a pear was presented at one o f the locations until participants responded (up to 1200
ms). In 50% o f the trials, gaze cued the target position (congruent) and in 50% o f the trials,
gaze cued the non-target position (incongruent). Participants responded by pressing one o f
two response keys with two fmgers o f their right hand. Response buttons were aligned
orthogonally to target positions in order to exclude effects o f stimulus-response compatibility.
The assignment o f stimuli to responses was counterbalanced across subjects. The order o f
trials was randomized within blocks (7 blocks o f 48 trials).

Debriefing. After the experiment participants were asked what they thought the experiment
was about, whether they thought that the two faces had affected their performance, and if so,
how.

Results
Reaction times (RTs) and errors were analyzed by means o f a repeated measures analysis o f
variance (ANOVA), in a 2 x 2 x 3 factorial within-subject design with the factors Attention
(shared versus not shared), Gaze congruency (congruent vs. incongruent), and SOA (500, 600,
or 700 ms). Results are displayed in Figure 2.
As predicted, RTs in all three experiments showed a significant two-way interaction o f
Attention and Gaze congruency (Experiment 1: [F (l, 23) = 7.3, p < .05], Experiment 2: [F (l,
23) = 4.5, p < .05], Experiment 3: [F (l, 23) = 5.7, p < .05]). There was a significant effect o f
Gaze congruency when the faces had looked at each other before the gaze shift (Experiment 1:
[<(23) = 2.8, p < .05], Experiment 2: [<(23) = 3.0, p < .01], Experiment 3: [<(23) = 4.5, p

< .001]), but not when the faces had looked away (Experiment 1-3: [<s(23) < 1]).
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Figure 2. Mean RTs (in ms) in Experiment 1, Experiment 2, and Experiment 3. Gaze cueing effects
(faster performance on congruent trials compared to incongruent trials) only occurred in the attention
shared condition and were due to a speed up on congruent trials. Error bars display within-subjects
confidence intervals based on Loftus & Masson, 1994.
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RTs on congruent trials were significantly faster in the attention shared condition than in the
attention not shared condition (Experiment 1: [Z(23) = 2.3, p < .05], Experiment 2: [?(23) =
2.8, p < .05], Experiment 3: [t(23) = 2.8, p < .05]). Incongruent trials were not affected by
Attention [Experiment 1-3: ?s(23) < 1.1, /js > .27].
In Experiment 1, no main effects o f Gaze congruency [F (l, 23) < 1] and SOA [F (l, 23)
= 1.5, p = .22] were found. Experiments 2 and 3, by contrast, revealed faster RTs in gaze
congruent as compared to incongruent trials [F s(l, 23) > 7.5, ps < .05] as well as decreasing
RTs for increasing SOAs [F s(l, 23) > 10.5, ps < .001]. In Experiment 1, the two-way
interaction of Attention and Gaze congruency was most pronounced in the 600 ms SOA
condition [F (l, 23) = 9.8 , p < .01], as indicated by a three-way interaction [F (l, 23) = 4.3, p

< .05], SOA did not affect the interaction o f Attention and Gaze congruency in Experiments 2
and 3 [Fs(l, 23) < 1],

Error rates. There were no significant differences in error rates. None o f the participants
suspected that their performance had been influenced by whether the two faces had looked at
each other or away from each other.

Debriefing. None o f the participants guessed the purpose o f the study and neither o f them
thought the observation o f eye contact affected their behaviour.

Discussion
In all three experiments o f the present study, observing shared attention modulated
subsequent gaze following. Participants showed an RT-benefit in gaze congruent trials when
the two faces had looked at each other before simultaneously shifting gaze to the target
location. In contrast, the effcct o f gaze congruency was absent when the faces had looked
away from each other. In Experiment 1, the gaze congruency effect was even numerically
reversed in the attention not shared condition, which may explain the absence o f a significant
main effect of gaze congruency in this experiment. The decrease o f reaction times with
increasing SOA (Driver et al., 1999) was not significant in all experiments. This is likely due
to the small range o f SOAs employed in the present experiments (500, 600, and 700 ms),
which may have decreased the power of this manipulation.
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In the first experiment, the two faces formed a triangle with the participant and could,
in principle, have directed their gaze at the participant any time. In Experiment 2, by contrast,
the two faces were directly facing each other without being oriented towards the participant.
Moreover, faces were aligned vertically instead o f horizontally to test whether the modulation
o f gaze cueing is bound to a particular spatial axis. The results o f Experiment 2 indicate that
the modulation o f gaze following by prior shared attention is replicable under different spatial
arrangements.
In a third experiment, the joint gaze congruency effect was generalized to more
realistic biological stimuli. Photographs o f human faces were used and the attentional relation
was manipulated by depicting head tums towards or away from each other in addition to eye
movements. This experiment showed that modulations o f gaze cueing also occur after
observing complex face stimuli that the ‘social brain’ is specialized in processing (Bristow et
al., 2007; Senju & Csibra, 2008). Given that the effect was similar as in Experiment 1 and 2
where only the eyes and not the heads moved, it is likely that gaze was again the crucial factor
in Experiment 3.
The present results extend earlier findings in showing that gaze following is modulated
not only by engaging in shared attention with another agent (Bristow et al., 2007; Senju &
Csibra, 2008), but also by observing shared attention. This indicates that experiencing direct
eye contact and being the addressee o f communicative signaling are not necessary
prerequisites for gaze following to be modulated. Even when merely observing others, their
gaze was only followed when they were observed to be engaged in an attentional relation
beforehand. The results o f the debriefing session suggest that participants were unaware o f
any effects o f observing shared attention.
There are, however, two possible altemative explanations that could account for our
findings. First, the observed modulation o f gaze following could be due to differences in
spatial attention between the attention shared and the attention not shared condition. When
looking at each other, the faces may have cued the centre o f the screen, while cueing the
outside o f the screen when looking away from each other. It is possible that participants found
it easier to focus on the centre when the faces had cued this location, and this could account
for the larger gaze cueing effects in the attention shared condition. By contrast, the cueing o f
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outer locations in the attention not shared condition might have spread participants’ attention,
thereby preventing gaze following.
Second, the faces in the attention shared condition were not merely looking at each
other, but were also looking in the location o f the participant’s gaze. Thus, participants may
have perceived the faces as jointly attending to the respective other face (or to the central
fixation) with them. If engaging in joint attention with one o f the faces increases subsequent
gaze following, this might also explain why gaze following occurred in the attention shared
condition, but not in the attention not shared condition.
Two control experiments were designed to rule out these altemative explanations. In
Control 1, non-social cues were employed to draw participants’ attention to the central
fixation or to the outsides o f the screen before depicting gaze cues. In Control 2, a circle
replaced one o f the faces so that there was still joint attention between a face and the
participant, but there was no attentional relation between two faces.

Controls 1 and 2
Methods

Participants. Thirty-two participants (mean age 21.9 years; 29 female; 28 right handed) were
randomly assigned to one o f two control experiments and received payment or course credits
for participation.

Stimuli & Procedure. Control 1 employed the same faces as Experiment 3, except that the
faces never looked at or away from each other. Instead, black squares appeared either between
the faces or on their outer sides (see Figure 3A). Subsequently, the faces gazed to the upper or
lower side o f the screen. The timing o f events was the same as in Experiments 1 to 3. In
Control 2, we replaced one o f the faces o f Experiment 1 by a circle o f the same size (see
Figure 3B). After looking at versus away from the circle, the face gazed to the upper or lower
side o f the screen. The position o f circle and face was counterbalanced across participants.
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Figure 3. Schematic illustration of the stimuli and the event sequence in Control 1 and 2. In Control 1,
photographs of human faces were aligned horizontally and little squares appeared either between them
or at their outer sides. Target objects appeared above or below the faces (Panel A). In Control 2, only
one face was shown while the other face was replaced by a circle of the same size. The face looked at
the circle or away from the circle and target objects appeared above or below (Panel B).

Results
Reaction times and errors were analyzed as in the previous experiments. The results are
depicted in Figure 2 (A and B). Overall, RTs were significantly faster on congruent trials than
on incongruent trials (Control 1: [F(l, 15) = 12.6, p < .01], Control 2: [F( 1, 15) = 8.2, p

< .05]). RTs significantly decreased with increasing SOA in Control 1 only [F( 1, 15) = 31.2 ,p
< .001], Unlike in Experiments 1 to 3, the two-way interaction o f Attention (drawn inwards vs.
outwards) and Gaze congruency (congruent vs. incongruent) was not significant (Control 1 &
2: [Fs(l, 15) < 1]).
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Figure 4. Mean RTs (in ms) in Control 1 and Control 2. Gaze cueing effects (faster performance on
congruent trials compared to incongruent trials) occurred in the Central dots and in the Peripheral dots
condition (Control 1) and in the Looking at fixation and the Looking away from fixation condition
(Control 2). Error bars display within-subjects confidence intervals based on Loftus & Masson, 1994.

An ANOVA with the additional factor Experimental setting (experiment vs. control)
was conducted in order to compare the size o f the gaze congruency effects between
experiments and Controls. Gaze congruency effects were significantly larger in the attention
shared condition o f Experiment 1-3 as compared to the attention drawn inwards condition in
the control experiments [F (l, 103) = 4.8, p < .05]. At the same time, gaze congruency effects
in the attention not shared condition in Experiments 1 to 3 were significantly smaller than
gaze congruency effects in the attention drawn outwards condition in the two control
experiments [F(l, 103) = 24.9,/? < .001].
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Error rates'. Error rates revealed no significant effects.

Discussion
Control experiment 1 was conducted to rule out the altemative explanation that spatial
attention modulated gaze following. The gaze congruency effect in this experiment was not
modulated by whether attention was drawn to the center o f the screen or to the outsides o f the
screen. This supports the conclusion that the effect o f shared attention observed in previous
experiments was not due to participants’ focused versus spread attention, but to the
observation o f an attentional relation between the faces.
Control experiment 2 addressed the possibility that participants’ perception o f jointly
attending to a location with the observed faces caused the increase in gaze following. The
gaze congruency effect was not modulated by whether or not the face had looked at or away
from the circle (or central fixation) together with participants. Thus, it seems unlikely that the
effect on gaze following in Experiment 1 to 3 was due to participants sharing attention with
the observed faces. This finding provides additional evidence that the previously observed
gaze modulation effect was not due to spatial attention factors.
Relative to Experiments 1 to 3, gaze congruency effects in the control experiments
were reduced in the attention drawn inwards condition, but increased in the attention drawn
outwards condition. Thus, relative to the observation o f neutral faces, observing shared
attention enhanced gaze following, while observing faces looking away from each other
reduced gaze following.

General Discussion
The present study investigated whether gaze following is modulated by the observation o f
shared attention. Indeed, a gaze congruency effect only occurred when the observed faces had
looked at each other before simultaneously shifting gaze to the target location. Demonstrating
the generality o f this effect, the modulation o f gaze following by observing shared attention
did not depend on a particular spatial arrangement between the observed faces or their spatial
arrangement in relation to the actor, and it occurred for schematic and for real faces.
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Results at hand point towards a top-down effect o f observing an attentional relation
between the gazers on subsequent gaze following. While facial features do not seem to
modulate gaze following (Bayliss & Tipper, 2006; Bayliss et al., 2007; Frischen & Tipper,
2004), establishing mutual eye contact between the gazer and the follower has previously
been shown to enhance gaze following (Bristow et al., 2007; Senju & Csibra, 2008). The
present study extends the latter findings in showing that not only experiencing, but also
observing shared attention influences the extent to which subsequent gaze cues are followed.
An important difference between experiencing and observing direct eye contact is that
observed eye contact lacks a direct communicative intent towards the observer. Our findings
suggest that even though the observed faces did not direct communicative intentions towards
participants, participants understood the signifïcance o f the faces’ ensuing gaze. This may
require understanding that relations between others are equivalent to relations one can be in
(and has been in) with others. People may acquire this understanding by mapping an observed
relation between two agents onto their own previous experiences o f sharing attention with
another agent (Barresi & Moore, 1996). It could prove interesting to investigate whether
‘social brain’ areas that are activated by the perception o f direct gaze (Senju & Johnson, 2008)
are also activated by the observation o f others sharing attention.
The present results may have implications for the understanding o f ostension in social
interaction. It has been proposed that direct eye contact serves as an ostensive cue that can
affect gaze behaviour (Senju & Csibra, 2008), modulate learning o f object properties (Yoon et
al., 2008), enhance generalization o f information about the environment (Csibra, 2010), and
foster imitation (Wang et al., 2010). It may well be that observing direct eye contact in others
also acts like an ostensive cue, as the observed agents manifest a communicative intention
towards each other and highlight the meaningfulness of the upcoming action. It remains to be
seen whether the observation o f shared attention can be equally powerful in the modulation of
behaviour as ostensive signals directed at oneself.
Finally, research on joint action and joint attention has demonstrated that people take a
co-actor’s perceptual (i.e. spatial perspective; Böckler et al., 2011) and attentional (i.e. focus
of attention; Böckler et al., 2012) relations to jointly attended scenes into account. The study
at hand adds to these previous findings in showing that people are also sensitive to attentional
relations they observe between other people. Without being aware o f it, people process
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observed shared attention as a social signal that can communicate the importance o f an
upcoming action or gaze. This may help implementing a procedural and a conceptual
common ground between actors (Clark, 1996) and facilitate fluent social interactions,
especially when they require coordination o f one’s own actions with more than one co-actor.
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Joint attention happens where- and whenever people encounter people. Our sensitivity to each
other’s eyes and gaze as well our motivation to initiate attentional relations with others help
establish instances in which we jointly attend to the world. Joint attention, in turn, fosters the
development o f social skills and facilitates action coordination and communication. What are
the immediate effects o f attending together and how do they contribute to social interaction?
The present thesis addressed influences o f joint attention on the processing o f and the
performance on jointly attended scenes. Specifically, several studies examined how a coattendee’s perceptual (chapters 2 and 3) and attentional (chapters 4 and 5) relations towards
attended objects or towards other attendees (chapter 6) shape participants’ perception,
attention, cognition, and performance. The main findings will be summarized in the following
section. Subsequently, I will discuss some limitations and implications o f the present results
and outline future directions.

Summary
Chapter 2 investigated whether and how performance is influenced by a co-actor’s different
spatial perspective on stimuli. Dyads o f participants carried out a mental rotation task while
attending either individually or jointly. In several experiments, the performance rotation curve
was flattened when participants attended together from opposite sides, demonstrating that
spatial transformation processes were indeed affected by the co-actor’s perspective. This
suggests that people adopted an allocentric reference frame when their co-actor was attending
from an opposite perspective, allowing them to mentally transform stimuli not only in relation
to themselves, but also in relation to the other. Effects o f joint attention were independent o f
whether participants were engaged in a cooperative or a competitive relation. However, joint
attention shaped performance only when an allocentric perspective was primed (by depicting
the reference stimulus in a third person view), but not after priming an egocentric perspective
(showing the reference stimulus in a first person view).
In chapter 3, effects o f a co-actor’s perspective on the processing o f jointly attended
stimuli were fiirther assessed. Participants looked at upright or inverted faces either alone,
next to a co-attendee (holding the same perspective), or opposite a co-attendee (holding a
different perspective) while EEG was recorded. Amplitudes o f the N I70 and the N250 for
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upright faces were enhanced when the other attended from the opposite side. This suggests
that participants gave up their egocentric view and represented their co-actor’s different
perspective on stimuli, which, as a result, disrupted the default holistic processing o f upright
faces and enhanced the cognitive demands allocated to face recognition. Hence, integrating
the perceptual relation o f the co-actor towards jointly attended stimuli modulated early
perceptual and later recognition processes.
Chapter 4 addressed the impact o f a co-attendee’s attentional relation towards jointly
attended objects. Four experiments investigated how a co-actor’s focus o f attention influences
task performance. Pairs o f participants carried out a task in which they focused attention
either on the same or on different aspects o f Navon stimuli. Responses were generally slower
when participants held different attentional foei. This indicates that participants represented
the focus o f attention required by their co-actor’s task, which, in turn, induced a conflict when
selecting their own focus. While representing the other’s focus o f attention required the
presence o f the co-actor and visual access to her stimuli, it did not depend on triadic joint
attention to the exact same stimulus.
The mechanisms underlying the co-representation o f another’s focus o f attention were
further addressed in chapter 5. EEG was recorded while participants performed a joint Navon
task. When the co-actor held a different focus o f attention, amplitudes o f the PI and P3 were
decreased, pointing towards reduced allocation o f attention to the stimulus features required
by the own task and towards increased cognitive demands for monitoring and initiating
responses. Representing the other’s different attentional relation, thus, affected both early
attentional and later cognitive processes.
Chapter 6 examined effects o f observed attentional relations between others on the
subsequent processing o f their gaze behaviour. Participants classified targets appearing at
locations that were either cued or un-cucd by the gaze o f two faces on the screen. These faces
had either looked at each other (shared attention) or looked away from each other (not shared
attention) before providing gaze cues. Results revealed that people followed gaze only after
observing shared attention. The observed attentional relations between others, thus, may have
been processed as a social signal that communicated the significance o f their upcoming (gaze)
behaviour.
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Discussion
Implications: Joint attention in social interaction
Humans are skilled social agents. We efficiently adjust to and complement other people’s
actions, understand their emotions and mental states, and easily communicate with each other.
Several mechanisms have been proposed to underlie the human capability to act jointly
(Sebanz et al., 2006). Amongst them, joint attention has been ascribed an important role in
different aspects o f social interaction, ranging from verbal and non-verbal communication to
the precise temporal and spatial coordination o f actions. What is it exactly, though, that joint
attention contributes to successfïil interaction? The present findings provide first indications
that people represent others’ perceptual and attentional relations towards jointly attended
scenes, which then shapes how they process and act on these scenes themselves. How could
such immediate effects o f joint attention support social interaction?
A central concept for understanding how communication and coordination are
accomplished is the notion o f common ground. Initially established in communication theory
and philosophy o f language, common ground refers to mutual knowledge and beliefs o f the
interaction partners, providing an interpretational basis for the conversants’ utterances (Clark
& Brennan, 1991, Clark, 1996). Understanding each other thereby was suggested to require
both a conceptual common ground regarding the contents o f a given communication and a
common ground in terms o f how conversations proceed (procedural common ground).
According to a more general notion, common ground describes the implicit shared basis (e.g.
linguistic, procedural, perceptual) from which conversations and joint actions can be carried
out (Garrod & Pickering, 2004; Sebanz et al., 2006). For instance, Garrod & Pickering (2004),
in response to the question why conversation is so easy in spite o f the underlying cognitive
demands, argue that conversants automatically align their verbal contributions to each other
on various linguistic levels (e.g. words, grammar, etc.). Linguistic alignment, according to the
authors, undcrlies the establishment o f an implicit common ground on which people can
communicate effortlessly and successfully. A common ground can also be created on a nonlinguistic level. By unconsciously mimicking others’ gestures, movements, and facial
expressions, for instance, interaction partners align their emotions and social representations
(Chartrand & Bargh, 1999; Dijksterhuis & Bargh, 2001; Hatfield, Cacioppo, & Rapson, 1994).
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Moreover, a procedural common ground for joint actions may be formed based on close
action-perception links that allow individuals to simulate the timing and the diffïculty o f
others’ actions, to predict their outcomes, and to understand the underlying intentions
(Eskenazi, Rothstein, Grosjean, & Knoblich, 2012; Kourtis, Sebanz, & Knoblich, 2010;
Rizzolatti & Sinigaglia, 2010; Vesper et al., 2012).
Joint attention, finally, has been suggested to facilitate social interaction by helping
establish a perceptual common ground (Sebanz et al., 2006, see chapter 1). By aligning the
visual input of co-actors, joint attention allows them to detect similar action affordances and
increases the saliency o f looked-at objects or events. As pointed out in the introduction,
however, joint attention refers to the triadic relation between attendees and attended object
(Tomasello, 1997; Tomasello et al., 2005). As such, attending together entails not only what
meets the attendees’ eyes (i.e. the object o f their attention), but, importantly, it also
incorporates co-attendees’ relations to attended objects and to each other. Crucially, taking
into account how a co-actor relates to a jointly attended scene may constitute another way in
which a common ground is established between interaction partners. The present thesis
investigated whether attending together highlights the relation co-actors have towards an
attended scene and whether this affects how the scene is processed and acted upon. In
particular, attendees’ relations were manipulated in terms o f the visual-spatial perspective on
the attended objects (chapters 2 and 3), in regard to the particular object feature to which
attention was directed (chapters 4 and 5), and as the observed attentional relation between
other attendees (chapter 6).
Firstly, results o f two studies revealed that people processed and acted on jointly
attended events differently depending on their co-actor’s visual-spatial perspective.
Behavioural findings presented in chapter 2 indicate that when attending from opposite sides,
people processed objects not merely in relation to thexnselves, but also in relation to their coactor, which was beneficial in cases where the attended objects were oriented towards the
other. People, hence, gave up their purely egocentric view and adopted an allocentric
reference frame that integrated the other’s perspective and body orientation (Amorim et al.,
2006). EEG results indicate that early stages o f perception as well as later recognition were
affected by the co-attendee’s view on stimuli (chapter 3). This suggests that people integrated
their co-actor’s and their own perspectives towards the jointly attended scene, which, in turn,
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shaped how this scene was perceptually and cognitively processed. The adjustment o f the own
reference frame to a co-actor’s perspective/orientation may help creating a shared action
space for the co-actors and could provide a mechanism for establishing a procedural common
ground. Similarly, alignment on early stages o f object processing may underlie a perceptual
common ground between actors when they hold different orientations and perspectives
towards objects.
When co-actors are looking at the same object from the same perspective, perceptual
common ground seems to be a given. However, even though having the same view,
interaction partners may direct attention to different aspects or features o f the particular object.
In two studies, we found that people indeed represented others’ attentional relations to jointly
attended stimuli, and that this shaped how they focused and acted on stimuli themselves
(chapters 4 and 5). In particular, when the other held a different focus o f attention, early
attention allocation to the own relevant stimulus feature was reduced and the difficulty to
classify stimuli according to one’s own task increased. Taking into account a co-actor’s focus
o f attention was reflected in enhanced monitoring demands and reduced performance in the
(independent) individual tasks in present experiments. However, keeping each other’s
attentional foei and intentional relations (i.e. tasks) in mind might be a means o f establishing a
conceptual common ground between actors conceming their attentional and intentional
relations to the environment, which may be highly benefïcial when interactive situations
require coordination o f largely intertwined actions.
Triadic joint attention, finally, does not merely involve attendees’ relatedness to
objects, o f course, but also relations between attendees. Present results suggest that people are
susceptible to the gestalt qualities o f observed attentional relations such as mutual gaze
(chapter 6). Specifically, people only depicted a processing benefit for targets appearing at
gaze congruent locations after observing shared attention between the agents who provided
the gaze cues. Observed attentional relations in others, thus, may have been perceived and
interpreted as signals that communicated the importance o f the ensuing gazes. Such social
signals are informative in regard to the timing o f others’ actions (Goebl & Palmer, 2009) and
can emphasize the location or the object to which others’ attention, actions, or intentions are
directed. The effortless processing o f attentional relations and the implicit understanding of
their significance for subsequent events may be a means o f establishing a procedural common
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ground between interaeting individuals and facilitate understanding o f each other’s actions
and goals. This seems advantageous for fluent social interactions, especially when those
interactions require temporal and spatial coordination between more than two agents.
To recapitulate, several studies revealed that joint attention highlights not only what is
looked at by the co-attendee (i.e. the object o f her attention), but also how she perceptually
and attentionally relates to this object or to other attendees. The present findings suggest that
when attending together, people represent how their co-actors perceive and process objects,
which object features they focus attention on, and how they relate to other agents. This seems
to induce a tendency to adjust the own allocation o f attention and the perceptual and mental
processing to that o f the other(s) and thereby may support establishing a shared basis (i.e. a
common ground) between actors on different levels o f processing. Such a perceptual,
procedural, and/or conceptual common ground, in turn, contributes to joint actions by
providing a foundation for understanding each other’s action opportunities and limitations and
for the prediction and complementation o f others’ behaviours (Clark, 1996; Knoblich,
Butterfill, & Sebanz., 2011; Sebanz et al., 2006).
It needs to be pointed out that in some o f the present studies, people’s sensitivity to
how their interaction partners perceived or attended to events was reflected in interference
effects. Note that the experiments focused on how individuals’ processing and performance in
relatively independent tasks (though embedded in joint settings) was affected when their coactor perceived or attended to objects differently. Increased processing demands and
decreased performance in these cases suggest that by representing and adjusting to a coactor’s different relation to scenes, focusing on the own individual task (or perspective, or
stimulus feature) became more diffïcult. However, though alignment o f object processing to
that o f a co-actor can come at a cost o f performance in individual tasks, it may allow creating
a shared basis between attendees and support the coordination o f more complex joint actions.
It certainly would be interesting to address the specific (causal) contributions o f present
effects in truly interactive tasks with higher coordination requirements (see following section).
How do co-attendees’ relations to events exert their influence on the processing o f
these events? Results of the debriefing sessions in all our studies revealed that participants
were not aware and could not explicate any effects o f their co-attendees’ attention. Though
outside participants’ consciousness, the way they perceived, attended to, and acted on scenes
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was shaped by their co-actor’s opposite perspective (chapter 2 and 3), by the stimulus feature
to which the other directed attention (chapters 4 and 5), or by mutual gaze observed between
others (chapter 6). This indicates that the co-actors’ relations towards the attended events
were calculated implicitly and affected subsequent stimulus processing in a rapid and rather
effortless manner. The other’s (different) view and focus on the jointly attended stimuli were
not emphasized by the experimental setting and did not have to be considered to perform the
task. Similarly, the interaction partner’s (different) body orientation and focus o f attention
were manipulated block wise in most o f the present studies and, hence, did not have to be
updated in every single trial. It therefore seems likely that participants represented and
integrated the other’s relation to the scene on an abstract level, which then shaped how jointly
attended stimuli were processed. EEG studies suggest that the co-actor’s different perspective
or focus o f attention exerted an influence on very early stages o f stimulus processing. In fact,
allocation o f attention around 100 ms after stimulus onset and perceptual processing around
170 ms following stimulus presentation were modulated by the other’s perceptual and
attentional relation to the scene. Taken together, present studies indicate that people
unconsciously integrate and represent others’ relations to jointly attended events, which exerts
a top-down influence on the (early) processing o f these events. On the basis o f present studies,
however, the functional mechanisms underlying the illustrated effects cannot be conclusively
understood (see following section). It might well be, for instance, that effects o f another’s
spatial perspective and effects o f another’s focus o f attention are based on different kinds o f
representations and on different mechanisms.
Interestingly, we found that joint attention did not unconditionally lead people to take
into account each other’s relations to attended scenes or to other attendees. Present studies
revealed boundary conditions o f joint attention effects in showing that the extent to which
another’s perceptual and attentional relations to the jointly attended scenes affected
performance was modulated by task context. For instance, the co-actor’s attention from a
different perspective affected mental transformation processes only when reference stimuli
had previously been presented in a third person view (chapter 2). Chapter 4 demonstrated that
participants represented their co-actor’s different attentional focus exclusively when both the
other attendee and the other’s stimuli were visually accessible. Finally, gaze following was
modulated by the observation o f eye contact solely when the depiction o f eye contact and no
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eye contact altemated (chapter 6); while participants did follow gaze in contexts where eye
contact was never observed to start with (control experiments), gaze following was disrupted
when participants observed no eye contact in experiments where eye contact could occur.
Taken together, effects o f a co-attendee’s perceptual or attentional perspective were not
unconditional and depended on contextual factors related to the co-attendee and to the object
o f her attention. Similarly, the receptiveness to attentional relations (e.g. observed eye contact)
relied on how salient they were in a given context. This sensitivity to the particular
environment o f joint attention, as it were, may be fiinctional in that it allows flexible
adjustments o f whether and how common ground is established depending on the specific
interaction conditions and requirements.

Future research
The present thesis suggests that joint attention helps establishing a common ground between
co-actors in terms o f their perceptual and attentional relations towards the environment. There
are, o f course, several questions that cannot be conclusively answered on the basis o f the
illustrated studies. In particular, future research needs to further investigate the nature and the
underlying mechanisms o f the presented joint attention effects as well as their causal role in
successful interaction.
Conceming the former o f these questions, and following up on the previous section, it
is not yet fully understood how others’ attentional relations are represented and how they
influence subsequent processing and performance. Taking into account another’s attentional
relation to an environment seems to be an implicit process, but might not take place on a
similar automatic level as simulating others’ sensory input (e.g. pain; Singer et al., 2004) or
others’ movements (Rizzolatti & Sinigaglia, 2010). Are a co-actor’s perceptual or attentional
relations integrated early with onc’s own perspective or focus o f attention, or do people form
abstract representations o f their co-actor’s relations on higher cognitive levels? Investigating
the present effects o f joint attention under boundary conditions such as high cognitive load
might help gaining insight into how others’ perspectives or attentional foei are represented.
Similarly, it could prove insightful to examine the neuronal underpinnings o f the implicit
processing o f others’ spatial perspectives or attentional relations and compare them to the
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neuronal eircuitries involved in the explieit judgments o f others’ perspectives or mental states
(McCleery et al., 2011; Frith & Frith, 2010; Saxe et al., 2006).
In the same vein, examining the intemal and extemal preconditions or modulators o f
the current joint attention effects may augment our understanding o f the mechanisms at work.
Present findings provide first indications that effects o f attending together depend on factors
that are embedded in the social interaction context (e.g. visual access to the co-attendee and to
the object o f her attention). The contribution o f intemal factors is yet unknown. How do
motives or goals (e.g. the affiliation motive) shape the joint attention effects described here?
Likewise, people differ in their conceptions o f social relations, for instance, in the degree to
which they value interdependence versus independence (Markus & Kitayama, 1991). Does
the extent to which individuals score high on either inter- or independence (which may, at
least partially, be related to their cultural background) modulate their susceptibility to their
co-actors’ spatial or attentional perspectives? Besides investigating influences o f such
inherent motivational components, it may be fruitful to address effects o f explieit intentions.
Can taking others’ relations to events into account be enhanced or suppressed in a top-down
manner, e.g. by task instructions? Future research may help to clarify the flexibility and the
controllability o f the described effects in social interaction. This, in turn, could shed light on
the nature o f these effects and might contribute to our understanding o f both the underlying
mechanisms and the way they exert their influence.
A fiirther question for future research concerns the contribution o f the present effects
in social interaction. The current studies employed tasks with independent individual parts
and outcomes and they did not entail shared goals or interaction requirements. While this
provided controlled settings for investigating immediate effects o f co-attendees’ relations on
different processing stages, it did not allow examining direct (beneficial) influences o f joint
attention on social interaction. Whether the processes considered here play a causal role in
action coordination and communication has yet to be investigated. Specifïcally, future
research will need to address the relative contribution o f perspective taking, representing
another’s focus o f attention, and the implicit understanding o f social cues to successful joint
action and to people’s proficiency in social interaction.
The investigation o f interrelations between joint attention and social interaction calls
for paradigms that adequately encompass both components. Recent theoretical and empirical
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works have emphasized the necessity o f a so-called second person approach in social
cognitive and neuro-scientiflc research (Schilbach, Timmermans, Reddy, Costall, Bente,
Schlicht, & Vogeley, in press). To this point, endeavours to reveal the basis o f human social
cognition (i.e. understanding others’ minds) have mainly focused on simulation or
mentalizing processes in individual participants. While simulation based on the mirror neuron
system constitutes a first person grasp o f others’ motor goals and intentions (Rizzolatti &
Sinigaglia, 2010), mentalizing describes the inferential and reflective processes that provide
people with a third person understanding o f others’ mental states (Frith & Frith, 2010). Both
o f these approaches deal with processes within single people. However, the understanding o f
social cognition may benefit from a second person approach in which people actively and
emotionally engage in real-time dynamic social interaction. A second person framework may
help addressing current effects o f joint attention in online interactions. For instance, does
priming an allocentric reference frame enhance the efficiency o f complementary joint actions?
Dynamic interaction paradigms can involve manipulations o f the information that is available
about a co-actor’s perceptual or attentional relation to the attended scene or to other agents,
which might shed light on the time-course and strength o f the connection between joint
attention and action coordination. Additionally, interactive paradigms allow examining how
emotional and motivational components as well as interpersonal factors shape joint attention
effects.
Finally, fiirther insights into current effects both in terms o f the underlying
mechanisms and conceming their role in social interaction might arise from investigating their
development. The general introduction o f this thesis has outlined infants’ sensitivity to others’
gaze behaviour and has pointed out the importance o f mutual gaze and triadic joint attention
for social leaming and for the development o f a concept o f self and other as mental agents
(Barresi & Moore, 1996; Reddy, 2003). Future research might address at what point in
infancy (that is, in social-cognitive development) the implicit influences o f a co-attendee’s
attentional relations occur. For instance, when and how is infants’ perception and behaviour
affected by others’ different spatial perspectives or by the observation o f mutual gaze? What
are the cognitive requirements for perspective taking and for processing attentional relations
in others on the one hand and how do these capabilities contribute to the development o f other
social skills? It may well be that the implicit representation o f others’ relations to the
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environment constitutes a further step in the ontogenesis o f a concept of self and other as
distinct mental agents, which, in turn, may predict later abilities such as the more explicit
understanding o f others’ mental states.
Similarly, one might ask whether and how others’ attentional relations shape cognitive
processes in clinical populations with reduced communication and social interaction skills.
Investigating the effects o f others’ attentional relations on cognitive processing in autistic
populations, for example, may further contribute to understanding the preconditions o f these
effects as well as their role in specifïc (social) abilities. Lastly, and on a broader scale, the role
o f joint attention in social interaction can be addressed from a phylogenetic perspective.
Numerous non-human animals follow con-specifics’ gaze (see chapter 1) and some primates
adjust their behaviour to what their con-specifics can and cannot see (Hare et al., 2000). An
interesting question is how the sensitivity to attention cues evolved in different species and
how the evolution o f this capability interacted with other cognitive and social abilities
(Gómez, 2005). Comparative developmental studies may shed light on the evolution o f
different joint attention components, their cognitive preconditions, and, in particular, their
contribution to the evolution o f other social skills.
In general, I think that bringing together research on joint attention and joint action,
practices that are tightly linked in social interaction, promises to enhance our understanding o f
social cognition.

Conclusion
The present thesis investigated how people process and act on jointly attended scenes.
Particularly, does relating to an object in a joint attention setting lead co-attendees to take
each other’s perceptual or attentional relations to this object and to other attendees into
account? Results o f several studies indicate that this is the case. Holding different spatial
perspectives makes co-attendees adjust their perceptual and cognitive processing o f jointly
attended objects according to the other’s view and body orientation. Moreover, people
represent what aspects o f an object their co-actors focus attention on and this shapes how they
allocate attention to and classify this object themselves. Finally, the observation o f attentional
relations between other agents enhances the sensitivity to their subsequent gaze behaviour. To
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sum up, joint attention, by highlighting the interaction partner’s relations to attended objects
or agents, affects how co-attendees perceive, attend to, process, and act on jointly attended
scenes.
Let us return, once more, to the jigsaw puzzle o f William James’s portrait that you and
your friends are still working on. It seems indeed that attending with your friends changes the
way you process and act on the puzzle yourself. You will, for instance, consider that one of
your friends holds a different perspective towards the evolving picture than you. This shapes
how you process the depicted face and how you spatially arrange the pieces that you place on
your friend’s side. Moreover, you may keep in mind what pieces the friend next to you is
looking for, and this will affect how you look at and find your own parts. Finally, when you
observe eye contact between your friends, you will intuitively pay attention to their ensuing
gazes because they appear more significant to you. This, in turn, will probably enhance the
speed with which you see and understand what your friends are looking at or referring to.
Though most o f these things happen outside your awareness, they may well be part o f what
underlies the beneficial effect attending together has on the proficiency (not to mention the
pleasure) with which you will complete the jigsaw puzzle together.
When we look at the world with others, their attentional relations to the jointly
attended environment and to each other shape how we cognitively process the environment
ourselves. In this way, joint attention allows establishing a common ground between us from
which the enterprise o f social interaction can lift off.
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Sociale interactie is onlosmakelijk verbonden met het fenomeen van gezamenlijke aandacht,
dat wil zeggen met het richten van aandacht van meerdere individuen op hetzelfde object.
Psychologisch onderzoek van de laatste decennia heeft uitgewezen dat wij erg gevoelig zijn
voor het blikkengedrag van andere mensen, en heeft aangetoond dat mensen van jongs a f aan
extreem gemotiveerd zijn om attentionele relaties met anderen aan te gaan (bijv. in de vorm
van oogcontact o f van het gezamenlijk richten van de aandacht op objecten). Gezamenlijke
aandacht draagt vervolgens bij tot de ontwikkeling van sociale vaardigheden en van sociaal
leren, ondersteunt de verbale en non-verbale communicatie en vergemakkelijkt de coördinatie
van handelingen. Een open vraag is, hoe gezamenlijke aandacht de directe cognitieve
verwerking van de gefocuseerde objecten en scènes beïnvloedt. Bijvoorbeeld, wat is het effect
van het visueel-ruimtelijke perspectief o f van de focus van de aandacht van onze
interactiepartners op onze perceptuele en cognitieve verwerking van een scène? En op welke
manier beïnvloeden attentionele relaties tussen andere personen (bijv. oogcontact) onze
aandachtsprocessen? Dit proefschrift onderzoekt met behulp van diverse studies de invloed
van de perceptuele en attentionele relaties van onze interactiepartners met objecten o f andere
personen op onze cognitieve verwerking.
In de eerste studie (Hoofdstuk 2) bestuderen wij de impact van het visueel-ruimtelijke
perspectief van een interactiepartner op de cognitieve stimulusverwerking. Om dit te
onderzoeken lieten we proefpersonen stimuli classificeren die in verschillende rotatiegraden
op een scherm gepresenteerd werden dat plat op een tafel lag. In de reeks experimenten zaten
proefpersonen telkens in tweetallen tegenover elkaar en keken alleen o f gezamenlijk (de ander
had zijn ogen gesloten) naar het scherm. De resultaten toonden aan dat gezamenlijke aandacht
vanuit verschillende perspectieven de prestatie in de mentale rotatietaak veranderde: de
prestatie-rotatie-curve was vlakker wanneer de proefpersonen samen naar de stimuli keken.
De proefpersonen reageerden dus sneller op de stimuli die in de richting van de ander
gedraaid waren wanneer de ander zijn aandacht ook op de stimulus gericht had. Dit suggereert
dat mensen die gezamenlijk vanuit verschillende perspectieven hun aandacht ergens op
richten, een allocentrisch perspectief innemen van waaruit ze de informatie niet alleen met
betrekking tot hun positie verwerken, maar ook ten opzichte van het perspectief van de ander.
De invloed van gezamenlijke aandacht was aanwezig ongeacht o f de twee proefpersonen in
167

Nederlandse Samenvatting
een coöperatieve o f competitieve relatie waren. Echter, het perspectief van de co-attenderende
had alleen een effect wanneer de referentiestimuli in de rotatietaak in een derde-persoonsperspectief gepresenteerd werden, en dus een allocentrisch perspectief accentueerden.
Het effect van verschillende visueel-ruimtelijke perspectieven op de cognitieve
verwerking van gezamenlijk geattendeerde stimuli wordt verder nagegaan in Hoofdstuk 3.
Daarom hebben we de Elektrofysiologische activiteit (EEG) van proefpersonen gemeten
tijdens de presentatie van plaatjes van gezichten (rechtop o f omgekeerd). Onze proefpersonen
keken alleen, naast elkaar (dat wil zeggen vanuit hetzelfde perspectief) of tegenover elkaar
(vanuit verschillende perspectieven) naar het scherm. De event-related potentials (ERPs) die
aan de verwerking van gezichten gerelateerd zijn werden gemoduleerd door het perspectief
van de andere proefpersoon: de amplitudes van de N170 en N250 waren groter voor gezichten
die rechtop gepresenteerd waren wanneer de proefpersonen vanuit tegenovergestelde
perspectieven keken. Dit suggereert dat proefpersonen hun puur egocentrisch perspectief
opgaven en het perspectief van hun interactiepartner representeerden. Rechtop gepresenteerde
gezichten konden derhalve niet, zoals gewoonlijk, op een holistische manier worden verwerkt
(vandaar de verhoogde N I 70) en de cognitieve eisen voor de gezichtsherkenning namen toe
(N250). Concluderend tonen de bevindingen van Hoofdstukken 2 en 3 aan dat gezamenlijke
aandacht vanuit verschillende ruimtelijke perspectieven ertoe leidt dat mensen de perceptuele
relatie tussen hun interactiepartner en de omgeving integreren, wat vervolgens de
stimulusperceptie en daarop volgende cognitieve processen beïnvloedt.
Een interessante vraag is wat voor een effect de attentionele relatie van
interactiepartners heeft op de waarneming van gezamenlijk geattendeerde objecten. Wordt
onze stimulusverwerking bijvoorbeeld beïnvloedt door het feit dat interactiepartners op een
verschillend aspect van een scène o f object letten dan wijzelf? In Hoofdstuk 4 worden vier
experimenten gepresenteerd die onderzochten hoe de focus van aandacht van een
interactiepartner de prestatie verandert. Proefpersonen zaten naast elkaar en voerden
gemakkelijke classificatie taken uit. De stimuli waren grote letters die samengesteld waren uit
kleinere letters (“Navon stimuli”). De stimuli hadden dus een lokale (kleine letters) en een
globale (grote letter) dimensie en de proefpersonen richtten hun aandacht o f op dezelfde o f op
verschillende dimensies. We vonden dat de reacties van de proefpersonen trager waren als ze
een verschillende focus hadden. Dit resultaat suggereert dat de proefpersonen de focus van
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aandacht van hun interactiepartner representeren, wat vervolgens de snelheid beperkt
waarmee ze hun eigen focus op de relevante stimulusdimensie kunnen richten. Dit effect werd
ook gevonden wanneer de proefpersonen hun aandacht op verschillende locaties op het
scherm richtten, maar verdween wanneer ze de taak alleen uitvoerden o f de stimuli van hun
interactiepartner niet konden zien.
Om de cognitieve mechanismen die aan deze bevinding ten grondslag liggen nader te
onderzoeken hebben we in een vervolgonderzoek (Hoofdstuk 5) EEG gemeten terwijl de
proefpersonen de hierboven beschreven taak uitvoerden (zie Hoofdstuk 4). Wanneer de twee
proefpersonen hun aandacht op verschillende stimulusdimensies (locaal en globaal) richtten,
waren de amplitudes van de PI en P3 kleiner. Dit wijst erop dat de proefpersonen minder
aandacht op de juiste stimulus dimensie richtten (P l) en spreekt voor verhoogde cognitieve
eisen voor de planning van de adequate reactie (P3). Hoofdstukken 4 en 5 tonen dus aan dat
mensen de attentionele relatie (de focus van de aandacht) van hun interactiepartners
representeren, wat vroege aandachtsprocessen en de latere cognitieve stimulusverwerking
moduleert.
In een laatste studie onderzochten wij uiteindelijk het effect van geobserveerde
attentionele relaties tussen andere personen. Volgen wij de blikken van anderen meer als ze
van tevoren oogcontact hadden? Proefpersonen keken naar een scherm waarop twee gezichten
te zien waren. De gezichten keken o f naar elkaar toe (attentionele relatie) o f weg van elkaar
(geen attentionele relatie) voordat ze gezamenlijk naar één van twee locaties op het scherm
keken (bijv. naar boven o f naar beneden). Pas daarna verscheen op één van deze plekken een
object die de proefpersonen zo snel mogelijk moesten classificeren. De resultaten toonden aan
dat de proefpersonen de blikken van de twee gezichten vooral volgden wanneer deze van
tevoren naar elkaar toe keken. Geobserveerde attentionele relaties tussen andere personen
worden dus verwerkt als sociale signalen die de significantie van daaropvolgende handelingen
aangeven.
Samenvattend tonen de resultaten van de hier voorgestelde studies aan dat
gezamenlijke aandacht

de cognitieve verwerking van de geattendeerde scènes op

verschillende manieren beïnvloedt. Als wij samen met andere mensen naar objecten kijken
integreren en representeren wij hun perceptuele (Hoofdstukken 2 en 3) en attentionele
(Hoofdstukken 4 en 5) relatie met de geattendeerde objecten en personen (Hoofdstuk 6) en
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wij passen vervolgens onze waarneming, aandacht, en stimulusverwerking aan het visueelruimtelijke perspectief en de focus van aandacht van onze interactiepartners aan. Dit zou een
belangrijke rol kunnen spelen bij het vestigen van een gezamenlijke basis van waarneming en
aandacht die vervolgens succesvolle communicatie en efficiënte coördinatie van handelingen
mogelijk maakt.
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Soziale Interaktion ist untrennbar verbunden mit dem Phanomen der gemeinsamen
Aufmerksamkeit, also mit dem Ausrichten der Aufmerksamkeit mehrerer Individuen auf ein
und das selbe Objekt. Die psychologische Forschung der vergangenen Jahre und Jahrzehnte
hat die auBergewöhnlichc menschliche Sensibilitat fiir das Blickverhalten anderer aufgezeigt
und hat die erstaunliche Motivation verdeutlicht, mit der Menschen vom Kleinkindalter an
attentionale Beziehungen mit anderen eingehen (z.B. in Form von Blickkontakt oder als
gemeinsames Betrachten der Umwelt). Gemeinsame Aufmerksamkeit wiederum tragt zur
Entwicklung sozialer Fertigkeiten und zum sozialen Lemen bei, unterstützt die verbale und
nonverbale Kommunikation und erleichtert die Koordination von Handlungen. Eine offene
Frage ist, wie gemeinsame Aufmerksamkeit die unmittelbare kognitive Verarbeitung der
gemeinsam fokussierten Objekte und Szenen beeinflusst. Wie wirken sich beispielsweise die
visuell-raumliche Perspektive oder der Aufmerksamkeitsfokus unserer Interaktionspartner auf
unsere Wahmehmung und Verarbeitung einer Szene aus? Und wie beeinflussen beobachtete
attentionale

Beziehungen

(z.B.

Blickkontakt)

zwischen

anderen

Personen

unsere

Aufmerksamkeit? Die vorliegende Arbeit untersucht anhand mehrerer Studiën den Einfluss
der perzeptuellen und attentionalen Beziehungen von Ko-Attendierenden zu betrachteten
Objekte oder zu anderen Akteuren auf die kognitive Verarbeitung.
Eine erste Studie (Kapitel 2) geht dabei der Frage nach, wie sich die visuell-raumliche
Perspektive eines Interaktionspartners auf die Reizverarbeitung auswirkt. In mehreren
Experimenten saBen sich zwei Versuchspersonen gegenüber und schauten entweder
gemeinsam oder alleine (die jeweils andere Versuchsperson hatte die Augen geschlossen) auf
einen flach auf dem Tisch liegenden Bildschirm. Aufgabe war es, die in verschiedenen
Rotationsgraden prasentierten Stimuli mithilfe von Tastendrücken zu klassifizieren. Die
Ergebnisse zeigten, dass gemeinsame Aufmerksamkeit aus unterschiedlichen Perspektiven
das Leistungsmuster in der mentalen Rotationsaufgabe veranderte:

die Performanz-

Rotationskurve war flacher, wenn die Versuchspersonen gemeinsam attendierten, das heifit
die Versuchspersonen klassifizierten in Richtung des Gegenübers rotierte Stimuli schneller,
wenn ihr Gegenüber ebenfalls attendierte. Dies legt nahe, dass die Versuchspersonen, wenn
sie von entgegengesetzten Seiten auf die Stimuli schauten, eine allozentrische Perspektive
einnahmen und die Reize nicht nur in Beziehung zu ihrer eigenen Position verarbeiteten,
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sondem auch

in Relation zur Körperorientierung

ihres

Gegenübers.

Der Einfluss

gemeinsamer Aufmerksamkeit war dabei unabhangig davon, ob die beiden Versuchspersonen
in einer kooperativen oder kompetitiven Beziehung standen. Allerdings hatte die Perspektive
des

Ko-Attendierenden

nur

dann

einen Effekt,

wenn

der Vergleichsstimulus

der

Rotationsaufgabe in einer dritte-Person-Perspektive prasentiert und somit eine allozentrische
Perspektive akzentuiert worden war.
Die Auswirkung unterschiedlicher visuell-raumlicher Perspektiven auf die kognitive
Verarbeitung gemeinsam attendierter Reize wird in Kapitel 3 tiefergehend untersucht. Zu
diesem Zweck schauten Versuchspersonen entweder alleine, nebeneinander (also aus der
selben Perspektive) oder gegenüber von einander (aus unterschiedlichen Perspektiven) auf
einen flach ausgerichteten Bildschirm, auf dem aufrechte oder umgekehrte Gesichter
prasentiert wurden. Wahrenddessen wurde elektroenzephalographische Aktivitat (EEG)
abgeleitet. Tatsachlich modulierte die Perspektive des/r Ko-Attendierenden ereigniskorrelierte
Potentiale (EKPs) der Gesichterverarbeitung . Die Amplituden der N I 70 und der N250 waren
fiir

aufrechte

Gesichter

vergröBert,

wenn

die

Versuchspersonen

entgegengesetzte

Perspektiven einnahmen. Dies legt nahe, dass Versuchspersonen ihre egozentrische Sicht
aufgaben und die Perspektive ihres Gegenübers reprasentierten. Aufrechte Gesichter konnten
folglich nicht wie gewohnt auf holistische Weise verarbeitet werden (daher die vergröBerte
N I 70)

und

kognitive

Ressourcen

zur

Gesichtserkennung

wurden

erhöht

(N250).

Zusammenfassend scheint gemeinsame Aufmerksamkeit aus unterschiedlichen raumlichen
Perspektiven also dazu zu führen, dass Menschen die perzeptuelle Relation Anderer zur
Umgebung integrieren, was im Gegenzug die frühe Reizwahmehmung sowie spatere
kognitive Prozesse beeinflusst.
Eine weitere Frage betrifft die Auswirkungen der attentionalen Beziehung von
Interaktionspartnem

zu

gemeinsam

fokussierten

Objekten.

Sind

unsere

Aufmerksamkeitsausrichtung und Reizverarbeitung beispielsweise davon beeinflusst, auf
welchen Aspekt einer Szene oder eines Objektes unsere Mitmenschen achten? In Kapitel 4
werden

vier

Experimente

vorgestellt

anhand

derer

wir

untersuchten,

wie

der

Aufmerksamkeitsfokus eines Interaktionspartners das Leistungsmuster verandert. Dazu
führten Versuchspersonen-Paare nebeneinander einfach Klassifikationsaufgaben aus. Die per
Tastendruck zu klassifïzierenden Reize waren Buchstaben welche aus kleineren Buchstaben
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zusammengesetzt waren (,Navon-Stimuli‘), die also eine lokale (kleine Buchstaben) und eine
globale

(groGer Buchstabe)

Dimension

aufwiesen.

Versuchspersonen

richteten

ihre

Aufmerksamkeit dabei entweder auf die selbe oder auf verschiedene Dimensionen der Stimuli.
Wir fanden heraus, dass die Reaktionen der Versuchspersonen langsamer waren, wenn diese
unterschiedliche Aufinerksamkeitsfoki einnahmen. Dieser Befund legt nahe, dass die
Versuchspersonen den Aufmerksamkeitsfokus des/r Anderen reprasentierten, was die
Geschwindigkeit mit der sie ihren Fokus auf die fur sie relevante Stimulus-Dimension
auswahlen und ausrichten konnten verminderte. Dieser Effekt bedurfte keiner strikten
triadischen Aufmerksamkeit der beiden Akteure auf ein und denselben Stimulus, trat jedoch
nicht auf, wenn die Versuchspersonen die Aufgabe alleine ausfuhrten oder wenn sie die
Stimuli ihres Interaktionspartners nicht sehen konnten.
Um die kognitiven Mechanismen, die diesen Befunden zugrunde liegen, naher zu
untersuchen, leiteten wir in einer weiteren Studie (Kapitel 5) EEG ab, wahrend
Versuchspersonen-Paare die oben beschriebene Navon-Aufgabe durchfuhrten (siehe Kapitel
4). Wenn die Versuchspersonen ihre Aufmerksamkeit auf unterschiedliche Stimulus-Aspekte
fokussierten, waren die Amplituden der P l und der P3 verringert. Das verweist auf eine
reduzierte Aufmerksamkeitsausrichtung auf den von der eigenen Aufgabe geforderten
Stimulus-Aspekt (P l) und spricht fur eine erhöhte kognitive Anforderung fur die Planung und
Initiierung der geeigneten Reaktion (P3). Kapitel 4 und 5 deuten also darauf hin, dass
Menschen die attentionale Beziehung (den Aufmerksamkeitsfokus) von Interaktionspartnem
reprasentieren,

was

die

frühe

Aufmerksamkeitsausrichtung

und

spatere

kognitive

Reizverarbeitung moduliert.
In einer letzten Studie untersuchten wir schlieBlich den Effekt von beobachteten
attentionalen Beziehungen zwischen anderen Personen. Folgen wir den Blieken Anderer eher,
wenn diese vorher Blickkontakt miteinander hatten? Den Versuchspersonen wurden an einer
von zwei möglichen Stellen auf dem Bildschirm Objekte prasentiert, die sie per Tastendruck
klassifïzierten. Jeweils zuvor waren auf dem Bildschirm zwei Gesichter zu sehen, die sich
entweder anschauten (attentionale Beziehung) oder nicht anschauten (keine attentionale
Beziehung) bevor sie Blickbewegungen zu einem der zwei Stimulus-Orte ausfuhrten. Die
Ergebnisse zeigten, dass die Versuchspersonen den Blieken der beiden Gesichter eher folgten,
wenn diese sich zuvor angeschaut hatten. Es ist also möglich, dass beobachtete attentionale
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Beziehungen zwisehen anderen Personen, ahnlich wie erlebte attentionale Beziehungen mit
anderen Personen, als soziales Signal verarbeitet werden, welches die Bedeutsamkeit
nachfolgender Handlungen anzeigt.
Zusammenfassend liefem die Resultate der vorliegenden Studiën Indizien dafur, dass
gemeinsame Aufmerksamkeit die kognitive Verarbeitung der gemeinsam attendierten
Umgebung auf vielfaltige Weise beeinflusst. Wenn wir mit anderen Menschen auf Objekte
oder Szenen schauen, integrieren und reprasentieren wir die perzeptuelle (Kapitel 2 und 3)
und die attentionale (Kapitel 4 und 5) Beziehung, die diese zu dem betrachteten Objekt oder
zu anderen Attendierenden (Kapitel 6) einnehmen und wir passen unsere Wahrnehmung,
Aufmerksamkeit, und Reizverarbeitung an die visuell-raumliche Perspektive und den
Aufmerksamkeitsfokus unserer Interaktionspartner an. Dies könnte ein wichtiger Schritt in
der Etablierung einer gemeinsamen Wahmehmungs- und Auftnerksamkeitsbasis sein, die es
uns erlaubt, erfolgreich miteinander zu kommunizieren und unsere Handlungen effïzient zu
koordinieren.
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