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Abstract
The aim of the present study is to ascertain whether in a social context the kinematic
parameters are inﬂuenced by the stance of the participants. In particular, we consider two
basic modes of social cognition, namely cooperation and competition. Naı̈ve subjects were
asked either to cooperate or to compete with a partner (a professional female actor), whose
attitude could be either congruent or incongruent with the task instructions. Thus, on congruent conditions, subjects cooperated or competed with a partner showing a congruent cooperative or competitive attitude. On incongruent trials, the partner assumed an attitude that was
manifestly in contrast with the instruction: competitive for the cooperative task, cooperative
for the competitive task. We hypothesized that this mismatch between partner’s attitude
and instruction would produce a sort of unexpected social situation, aﬀecting the kinematics
of reach-to-grasp movement performed by the agents. If cooperative and competitive kinematic patterns are sensitive to the partner’s attitude, then we should expect that an incongruent attitude have the potency to determine a reversal in kinematic patterning. Results revealed
that for the incongruent trials the speciﬁc kinematic patterns for cooperation and competition
found for the congruent conditions where modiﬁed according to the incongruent attitude
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assumed by the model actor. We suggest that this ‘attitude’ contagion is part of a sophisticated
system that allows us to infer about the intention to act in a social context.
 2007 Elsevier B.V. All rights reserved.
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1. Introduction
It is a common place to say that human beings are social and disposed to cooperate. ‘‘Kin-altruism’’ and ‘‘reciprocal altruism’’ ground cooperative behaviours in
animals. Analogously, we think that people are disposed to behave cooperatively
at least with respect to their kin and, by extension, with all human beings. Whereas
a generalized, biologically based disposition to cooperate seems to exist in humans
(Trivers, 1971, 1985), it is rather diﬃcult to determine under what conditions people
actually cooperate rather than defect, act competitively, selﬁshly, or even aggressively (Tuomela, 2000).
From an economic perspective, the question is framed as a choice made by an
individual between two behavioural responses, cooperating or non-cooperating,
determined by diﬀerences in tangible outcomes such as food or money. Following
a utility maximization principle, individuals are supposed to choose the strategy that
yields a preferable outcome.
When cooperating and non-coperating occur in the real word, however, they are
often not only associated with diﬀerent outcomes but also with diﬀerent behaviours.
Consequently, the choice between cooperating or non-cooperating will not only be
determined by tangible outcomes, but also by social dimensions of cooperative
behaviours such as the partners’ attitude, the level of coordination and the relationship among cooperators (e.g., age, sex, past encounters).
Laboratory experiments tend to minimize the impact of such factors by eliminating the exposure to social dimensions. Using what Colman (2003) characterized as
the ‘‘bedrock of methodological individualism’’, anonymous individuals are asked
to express their preferences while physically isolated in separate compartments that
eliminate – in part or totally – social interaction. This approach has been used in
behavioural experiments with both animals and humans (Shuster & Perelberg,
2004). Recent neuroimaging experiments on cooperation and competition adopt
the ‘isolation paradigm’ approach testing single participants while playing a game
with a real or ﬁctitious partner outside the scanner (Decety, Jackson, Sommerville,
Chaminade, & Meltzoﬀ, 2004; Gallagher, Jack, Roepstorﬀ, & Frith, 2002; McCabe,
Houser, Ryan, Smith, & Trouard, 2001; Rilling et al., 2002). In this respect, these
‘isolation’ experiments reﬂect the underlying assumption that a choice between cooperation and non-cooperation is really the same as a choice between two individual
acts associated with diﬀerent outcomes.
In this study, we adopt a rather diﬀerent perspective. Speciﬁcally, we consider how
the kinematics of an action performed in the context of a social interaction are sensitive to the cooperative or competitive stance of the participants.
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In a previous study, we have already demonstrated the existence of motor patterns, which reﬂect the agent’s intention to act in a social context (Georgiou, Becchio, Glover, & Castello, 2006). We found diﬀerent kinematical patterns for single
independent actions and actions preparing to a subsequent social interaction. The
experiment analyzed the kinematics of the very same action – reach and grasp for
a wooden block – in two diﬀerent contexts provided by a cooperative and a competitive task. For the cooperation task, participants assigned in pairs were required to
reach and grasp for their respective object and to cooperate as to form a tower by
putting one object on the top of the other in the middle of the working surface.
The competition task was similar to the cooperation task except that participants
had to compete as to put their object in the middle of the working surface ﬁrst. In
contrast to isolation models predicting no diﬀerences between actions having the
same goal, results revealed how the planning and execution of an action are modulated with respect to the intention of the agent. The adoption of a particular intention (individual vs social, cooperative vs competitive) translates into a measurable
kinematic pattern, which even in the reach-to-grasp phase (reach-to-grasp for an
object) is diﬀerent from the kinematic pattern of the same action motivated by a different intention. Prior to the interaction, the agent’s intention to act cooperatively vs
competitively shapes the kinematics of the action.
The study by Georgiou et al. (2006) focused on the agent’s prior intention (Searle,
1983), i.e., on the intention orienting the action of the agent as a whole, whereas in
the present study we focus on the intentional stance taken towards the partner. Social
behaviours rest on the fundamental capacity to understand the actions of other
social agents in terms of their mental states – what Dennet (1996) described as ‘‘taking an intentional stance’’. Suppose an agent is asked to cooperate with a partner
clearly displaying the intention to compete. Is the kinematics of the action inﬂuenced
by the intention to compete that the agent attributes to the partner? The same question arises with respect to an agent who is asked to compete with a partner displaying
the intention to cooperate.
The aim of the present study was to explore this question by manipulating the
attitude of the partner during the reach-to-grasp phase of a social interaction. Subjects were requested to reach for their respective objects (reach-to-grasp phase).
Once they had grasped the objects, they had either to cooperate or to compete with
a partner (interaction phase). The partner was a semi-professional stage actor that
was instructed as to assume an attitude either congruent or incongruent with the
task instructions. For the congruent trials, the actor assumed an attitude congruent
with the task instructions: cooperative for the cooperative task, competitive for the
competitive task. For the incongruent trials, the partner assumed an attitude that
was manifestly in contrast with the instruction: competitive for the cooperative
task, cooperative for the competitive task. We hypothesized that the mismatch
between partner’s attitude and instruction would produce a sort of unexpected
social situation, aﬀecting the kinematics of reach-to-grasp movement performed
by the agents. If the task is to cooperate, but the partner assumes a competitive
attitude, thus manifesting the intention to compete, then competitive features
should emerge in the agent’s kinematics. Conversely, if the task is to compete,
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but the partner assumes a cooperative attitude, manifesting the intention to cooperate, then the kinematic pattern of the agent should resemble that obtained for
cooperation.

2. Methods
2.1. Subjects
Twelve subjects (6 females–6 males, ages 19–35) took part in the experiment. All
subjects were right-handed, reported normal or corrected-to-normal vision and were
naive as to the purpose of the experiment.
2.2. Actor model
A professional female actor (34 years of age) took part in the experiment and
acted as a partner in conditions 5–12 as outlined below.
2.3. Stimuli
The stimuli were a pair of blue wooden blocks (4 · 4 · 8 cm). The stimuli were
placed in the middle of the working surface at a distance of 18 cm away between
them and 21 cm away from the hand starting position (Fig. 1a). A vertical line
was drawn in the centre of the table, to guide each participant when moving their
respective object to the middle of the table (Fig. 1a).
2.4. Procedures
The experiment was conducted under normal lighting conditions. The working
surface was a 122 · 60 cm table. Before each trial, the right hand of each participant
rested on a starting pad (blue velvet cloth 6 · 4 cm) with the index ﬁnger and the
thumb gently opposed. The starting pad was attached 3 cm away from the edge of
the table in a midsagittal position 15 cm away from the midsection (Fig. 1a). The
subjects were requested to start the action after a tone (880 Hz/200 ms) was presented. For cooperation and competition tasks, two participants (a naı̈ve subject
and a professional actor) were seated opposite to each other. Naı̈ve subjects believed
that the actor was just another participant. They were required to reach and grasp
for their respective objects (Fig. 1b) and to either cooperate so as to form a tower
by putting one object on top of the other (Fig. 1c), or compete to be the ﬁrst to place
their object on the bottom (Fig. 1d).
Subjects were tested in 12 experimental conditions.
1. Single-agent: Natural speed bottom. In this condition, each subject was required
to reach and grasp at a natural speed the stimulus positioned in front of his/her
right hand and bring it in the middle of the working surface.
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Fig. 1. Experimental set up. (a) Represents the subjects’ posture, the positioning of the stimuli and the
positioning of the infrared cameras. (b) Represents the direction of movement. (c and d) Represent the
cooperation task and competition task, respectively. Note that for the ‘cooperation bottom’ task the object
is brought in the middle of the table, whereas in the ‘cooperation top’ task the object is brought on top of
another object in the middle of the table. Conversely, in the competition task participants compete to put
their object in the bottom of the tower ﬁrst (middle of the table).

2. Single-agent: Natural speed top. In this condition, each subject was required to
reach and grasp at a natural speed the stimulus positioned in front of his/her
right hand and put it on top of an object previously placed in the middle of
the working surface.
3. Single-agent: Fast speed bottom. In this condition, each subject was required to
reach and grasp as fast as possible the stimulus positioned in front of his/her
right hand and bring it fast in the middle of the working surface.
4. Single-agent: Fast speed top. In this condition, each subject was required to
reach and grasp as fast as possible the stimulus positioned in front of his/her
right hand and put it fast on top of an object previously placed in the middle
of the working surface.
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5. Passive observer: Natural speed bottom. This condition was similar to the natural speed bottom—single agent condition except that each subject performed
the action in the presence of another person (one of the experimenters observing the scene).
6. Passive observer: Natural speed top. This condition was similar to the natural
speed top – single agent condition except that each subject performed the
action in the presence of another person observing the scene.
7. Passive observer: Fast speed bottom. This condition was similar to the fast
speed bottom – single agent condition except that each subject performed
the action in the presence of another person observing the scene.
8. Passive observer: Fast speed top. This condition was similar to the fast speed
top – single agent condition except that each subject performed the action in
the presence of another person observing the scene.
9. Congruent cooperation bottom/top condition. The two participants (a naı̈ve subject and the actor) seated opposite to each other and were required to reach for
their respective objects. One participant was instructed to put it on the bottom
whereas the other subject was instructed to put it on the top so as to form a
tower (Fig. 1c). The top/bottom order was counterbalanced across subjects.
In this condition, the actor assumed an attitude in line with the ‘cooperation’
instructions.
10. Incongruent cooperation bottom/top condition. The two participants seated
opposite to each other and were required to reach for their respective objects
(reach-to-grasp phase). One subject was instructed to put it on the bottom
whereas the other subject was instructed to put it on the top to form a tower
(interaction phase; Fig. 1c). The top/bottom order was counterbalanced across
subjects. In this condition, the actor was covertly signalled by the experimenter
to assume a ‘competitive’ attitude (facial expression and body posture) during
the reach-to-grasp phase. To signal the actor as to assume an incongruent attitude, the experimenter pretended to adjust the stimuli on the working surface
and touched the actor slightly on the back. This operation (without the back
touch) was performed various times for both the congruent and incongruent
conditions and from both the naı̈ve and the actor model’s side as to avoid that
the naı̈ve participant would associate this operation with the incongruent attitude. During the interaction phase, the actor cooperated with the partner as
requested by the instructions.
11. Congruent competition condition. This condition was similar to the cooperation
condition except that the subjects had to compete as to put ﬁrst the respective
object in the bottom of the tower (Fig. 1d). In this condition, the actor assumed
an attitude in line with the ‘cooperation’ instructions.
12. Incongruent competition condition. This condition was similar to the cooperation condition except that the subjects had to compete as to put ﬁrst the respective object in the bottom of the tower (Fig. 1d). In this condition, the actor was
covertly signalled (as reported above) by the experimenter to assume a ‘cooperative’ attitude during the reach-to-grasp phase. During the interaction phase,
the actor competed as requested by the instructions.
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Participants performed 10 trials for experimental conditions 1–8 in separate
blocks. For both the cooperation and competition conditions, the congruent and
the incongruent trials were intermingled within a 100 trials block. In particular,
the incongruent trials occurred only 20% of the total number of trials as to avoid predictive eﬀects. This brought to 80 congruent trials (40 for cooperation and 40 for
competition) and 20 incongruent trials (10 for cooperation and 10 for competition).
Because of the diﬀerent number of trials between congruent and incongruent trials,
we randomly chose for subsequent analyses 20 congruent trials (10 for cooperation
and 10 for competition) out of the 80 congruent acquired trials.
2.5. Recording techniques
The ELITE motion analysis system (Bioengineering Technology & Systems [BTS])
was used to record movements. Reﬂective passive markers (0.4 cm diameter) were
attached on the (a) wrist: radial aspect of the distal styloid process of the radius; (b) index
ﬁnger: radial side of the nail; (c) thumb: ulnar side of the nail. The wrist marker was used
to measure the reaching component of the action. The ﬁnger and thumb markers were
used to measure the grasp component of the action. When two subjects were acting
simultaneously (cooperation and competition conditions) kinematics were computed
for both subjects. Four infrared cameras (sampling rate 100 Hz) placed 120 cm away
from each of the four corners of the table (see Fig. 1a) captured the movement of the
markers in 3D space. Coordinates of the markers were reconstructed with an accuracy
of 0.2 mm over the ﬁeld of view. The standard deviation of the reconstruction error was
0.2 mm for the vertical (Y) axis and 0.3 mm for the two horizontal (X and Z) axes.
2.6. Data processing
An in-house software package was used to analyse the data. The dependent
measures speciﬁcally relevant to test the experimental hypothesis were those that,
as identiﬁed in our previous study (Georgiou et al., 2006), were sensitive to diﬀerences in social attitude (cooperation and competition). They were (a) movement
time; (b) amplitude of wrist peak velocity; (c) time of maximum grip aperture;
and (d) amplitude of maximum grip aperture. Further, for the spatial trajectories
the amplitude of the maximum height of the wrist trajectory from the working surface was considered.
2.7. Data analysis
Although the subjects’ movement was performed in two steps, reaching and grasping
the object and bringing the grasped object to a speciﬁc place, kinematics analyses were
restricted to the phase leading up to the grasping of the object. This is because this phase
was common to all experimental conditions. In the single agent condition, this movement preceded the individual action of placing the object on the table, whereas in the
cooperative and the competitive task it was preparatory to the successive social interaction (interaction phase), being not part of the interaction itself.
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We performed a series of one-way preliminary analyses of variance (ANOVA) on
the measures of interest as to conﬁrm the results obtained in our previous experiment
(Georgiou et al., 2006). These analyses were carried on both the naı̈ve group of participants and the actor model. The reason for carrying out such analyses was twofold. First, if the results of the preliminary analyses would conﬁrm those obtained
in our previous study, then we could concentrate our analyses on the four condition
of interest for the present study (Conditions 9–12). Second, for the sake of brevity,
we would avoid reporting already known data that are tangential to the scope of the
present work.
These preliminary analyses checked for: (a) top/bottom diﬀerences for each kinematic parameter for each condition; (b) diﬀerences between natural slow movements
performed alone and natural slow movements performed in the presence of a passive
observer; (c) diﬀerences between fast movements performed alone and fast movements performed in the presence of a passive observer; (d) diﬀerences between natural slow movements performed in the presence of another person and the
cooperative movements (which were performed quite naturally and slower); (e) differences between fast movements performed in the presence of another person and
the competition movements (which were performed fast); (f) diﬀerences between
the cooperative and the competitive movements.
In line with our previous ﬁndings (Georgiou et al., 2006), we found that for the
dependent measures of interest there were no top/bottom diﬀerences, no diﬀerences
between ‘slow’ and ‘fast’ movements performed alone or in the presence of a passive
observer and large diﬀerences between cooperation and competition (see Table 1).
Importantly there were diﬀerences within key kinematic landmarks (the chosen
dependent measures) between the cooperative movements and the ‘slow’ movements
performed alone or in the presence of a passive observer and between the competitive
movements and the ‘fast’ movements performed alone in the presence of a passive
observer (see Table 1). This signiﬁes that, as we have already demonstrated, cooperative and competitive actions have clear and distinct kinematic patterning. For
instance, movement duration was shorter and amplitude of peak velocity was higher
for ‘competitive’ than for ‘fast’ movements performed alone. Conversely, movement
duration was slower and the amplitude of peak velocity was lower for ‘cooperative’
than for ‘slow’ movements performed alone. These ﬁndings applied to both the actor
model and the naı̈ve group of participants. Consequently, top/bottom data were collapsed as well as those for natural and fast movements performed in the presence or
absence of a passive observer. Subsequently we run an ANOVA with type of task
(cooperation, competition) and type of trial (congruent, incongruent) as within-subject factors as to speciﬁcally test the hypothesis that independently from the overarching goal of the task (cooperate or compete) the incongruent social attitude
assumed by the actor may bias the action of the naı̈ve agent cooperating or competing with her. The same analysis was performed for the actor model kinematics. A
p-value of 0.05 was considered signiﬁcant after Bonferroni correction for multiple
comparisons.
Correlation analyses were conducted to explore whether there was a linear relationship within the movements of the actor model and the naı̈ve subjects for the con-
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Table 1
Statistical results for the preliminary analyses performed on the contrasts and the dependent measure of interest for the naı̈ve group of participants
Movement
duration

Amplitude
wrist velocity

Trajectory
height

Deceleration
time

Time of maximum
grip aperture

Amplitude of
maximum grip aperture

Top vs bottom

F(1,11) = 1.04,
p > 0.05

F(1,11) = 0.65,
p > 0.05

F(1,11) = 2.12,
p > 0.05

F(1,11) = 0.54,
p > 0.05

F(1,11) = 1.18,
p > 0.05

F(1,11) = 2.05, p > 0.05

Slow alone vs slow
(passive agent)

F(1,11) = 2,
p > 0.05

F(1,11) = 2.22,
p > 0.05

F(1,11) = 0.52,
p > 0.05

F(1,11) = 1.33,
p > 0.05

F(1,11) = 0.88,
p > 0.05

F(1,11) = 0.45, p > 0.05

Fast alone vs fast
(passive agent)

F(1,11) = 1.21,
p > 0.05

F(1,11) = 1.54,
p > 0.05

F(1,11) = 2.76,
p > 0.05

F(1,11) = 2.67,
p > 0.05

F(1,11) = 0.75,
p > 0.05

F(1,11) = 1.67, p > 0.05

Fast alone vs
competition

F(1,11) = 18.21,
p < 0.001

F(1,11) = 10.06,
p < 0.001

F(1,11) = 11.43,
p < 0.001

F(1,11) = 25.76,
p < 0.0001

F(1,11) = 8.32,
p < 0.01

F(1,11) = 7.06, p < 0.05

Slow alone vs
cooperation

F(1,11) = 13.07,
p < 0.001

F(1,11) = 17.46,
p < 0.001

F(1,11) = 29.21,
p < 0.0001

F(1,11) = 12.06,
p < 0.001

F(1,11) = 20.13,
p < 0.0001

F(1,11) = 11.43, p < 0.001

Cooperation vs slow
(passive agent)

F(1,11) = 16.06,
p < 0.001

F(1,11) = 7.32,
p < 0.05

F(1,11) = 10.05,
p < 0.001

F(1,11) = 34.76,
p < 0.0001

F(1,11) = 12.83,
p < 0.001

F(1,11) = 8.09, p < 0.05

Competition vs fast
(passive agent)

F(1,11) = 38.69,
p < 0.0001

F(1,11) = 44.39,
p < 0.0001

F(1,11) = 56.71,
p < 0.0001

F(1,11) = 31.28,
p < 0.0001

F(1,11) = 9.65,
p < 0.001

F(1,11) = 6.04, p < 0.05

Cooperation vs
competition

F(1,11) = 70.43,
p < 0.0001

F(1,11) = 48.56,
p < 0.0001

F(1,11) = 10.14 ,
p < 0.001

F(1,11) = 37.21,
p < 0.0001

F(1,11) = 27.30,
p < 0.0001

F(1,11) = 42.10, p < 0.0001
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gruent and incongruent competitive and cooperative conditions. In particular, we
investigated the existence of such relationship for three key kinematic parameters
using Pearson product-movement correlation coeﬃcient: time to peak velocity, maximum peak height trajectory and time of maximum grip aperture. These parameters
were chosen because they might allow inferring the degree of cross talk between the
two agents during the social action. In line with previous ﬁndings, we expected signiﬁcant correlation for these parameters for the cooperative congruent condition,
but no signiﬁcant correlation for the competition congruent condition (Georgiou
et al., 2006). Further, in line with the hypothesis that the experimental manipulation
would aﬀect the agent’s kinematics, we expected no signiﬁcant correlation for the
incongruent cooperation conditions.

3. Results
As previously demonstrated the reach-to-grasp action performed during a cooperation task show a longer movement duration, a lower amplitude peak velocity, a
higher maximum height of the wrist trajectory, a later time of maximum grip aperture and a smaller amplitude of grip aperture than a reach-to-grasp action performed
during a competitive task (Georgiou et al., 2006). Furthermore, whereas signiﬁcant
correlations emerged when comparing key kinematic landmark during the cooperation task, no signiﬁcant correlations for the same measures were evident for the competitive task (Georgiou et al., 2006). With this is mind, the following sections report
the eﬀect of the incongruent social attitude on these well-established patterns.
3.1. Actor model kinematics
The interaction type of task by type of trial was signiﬁcant for movement duration
[F(1,9) = 224.8,
M.S.E. = 45225.625,
p < 0.0001],
wrist
peak
velocity
[F(1,9) = 79.760, M.S.E. = 22705.225, p < 0.0001], amplitude of the maximum
height of the wrist trajectory from the working surface [F(1,9) = 96.044, M.S.E. =
632.025, p < 0.0001], time to maximum grip aperture [F(1,9) = 145.606, M.S.E. =
600.625,p < 0.0001] and the amplitude of maximum grip aperture
[F(1,9) = 191.510, M.S.E. = 511.225, p < 0.0001. Post-hoc contrasts (ps < 0.05)
revealed that, for the competition tasks, movement duration was longer for the
incongruent than for the congruent condition (677 vs 621 ms). For the reaching component, the amplitude of wrist peak velocity was lower (676 vs 714 mm/s) and the
height of the trajectory wrist was higher (70 vs 64 mm) for the incongruent than
for the congruent condition. For the grasping component, the time of maximum grip
aperture was later (56% vs 47%) and the amplitude of maximum grip aperture was
smaller (84 vs 92 mm) for the incongruent than for the congruent condition.
The same inﬂuence of the assumed social attitude on movement kinematics was evident when comparing the action performed by the actor model in the congruent and
incongruent cooperative condition. For example, movement duration was shorter
(657 vs 737 ms) wrist peak velocity was higher (714 vs 675 mm/s) and the amplitude
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Fig. 2. Graphical representation for the interaction type of task by type of trial for movement duration
(a), amplitude wrist velocity (b) and height of the wrist trajectory (c). Bars represent the standard error.
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of the maximum height of the wrist trajectory from the working surface was lower (64
vs 70 mm) for the incongruent than for the congruent condition. For the grasping component, time and amplitude of maximum grip aperture were earlier (47% vs 55%) and
wider (91 vs 84 mm) for the incongruent than for the congruent condition.
These results suggest that although the actor model was instructed to maintain the
action pattern congruent with the task (competition or cooperation), kinematic features for the incongruent task emerged. This signiﬁes that, independently from the
instruction, assuming a certain attitude brought to a pattern of movement related
to the assumed social attitude.
3.2. Naı̈ve agent kinematics
The interaction type of task by type of trials was signiﬁcant for movement duration [F(1,119) = 624.061, M.S.E. = 922867,102, p < 0.0001], the amplitude of wrist

Fig. 3. Graphical representation for the interaction type of task by type of trial for time of maximum grip
aperture (a) and amplitude of maximum grip aperture (b). Bars represent the standard error.
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peak velocity [F(1,119) = 654.109, M.S.E. = 2015150,41, p < 0.0001], the amplitude
of the maximum height of the wrist trajectory from the working surface
[F(1,119) = 439.455, M.S.E. = 3004.219, p < 0.0001], the time of maximum grip
aperture [F(1,119) = 412.004, M.S.E. = 5720.102, p < 0.0001] and the amplitude of
maximum grip aperture [F(1,119) = 1779.669, M.S.E. = 12658.802, p < 0.0001].
Post-hoc contrasts (ps < 0.05) revealed that, for the competition tasks, movement
duration was longer for the incongruent than for the congruent condition (see
Fig. 2a). For the reaching component, amplitude of wrist peak velocity was lower
(see Fig. 2b), and height of the trajectory wrist was higher (see Fig. 2c) for the incongruent than for the congruent competition condition. For the grasping component,
time of maximum grip aperture was later (see Fig. 3a) and amplitude of maximum
grip aperture was smaller (see Fig. 3b) for the incongruent than for the congruent
competition condition.
All in all these results suggest that the incongruent attitude of the actor model
modiﬁed the kinematic pattern of the naı̈ve participant. When in cooperation tasks
the partner assumed a competitive attitude, the kinematic pattern of the naı̈ve participant become more similar to a competitive than to a cooperative pattern (see
Fig. 4). The opposite pattern was found when the incongruent attitude assumed
by the actor model was cooperative (see Fig. 4). That is, when the incongruent attitude assumed by the actor model was cooperative (but the task was to compete), the

Fig. 4. Illustrated are spatial path trajectories for all ten trials of a representative subject (L.M.) for both
the congruent and incongruent competitive (a) and cooperative (b) tasks. Bars represent the standard
error.

Table 2
Pearson correlations within the couples (actor model and 12 naı̈ve participants) for the congruent and incongruent cooperation and competition conditions
with respect to time of max grip aperture (TGA), time to peak velocity (TPV) and time of maximum trajectory height (MTH)

Couples
Actor
Actor
Actor
Actor
Actor
Actor
Actor
Actor
Actor
Actor
Actor
Actor

model
model
model
model
model
model
model
model
model
model
model
model

–
–
–
–
–
–
–
–
–
–
–
–

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12

TGA

MTH

TPV

Cooperation

Competition

Cooperation

Competition

Cooperation

Competition

C

I

C

I

C

I

C

I

C

I

C

I

.85*
.75*
.54
.68*
.90*
.45
.67*
.95*
.77*
.59*
.75*
.56

.22
.30
.45
.64*
53
.42
.27
.47
.33
.20
.77*
.72*

.09
.16
.22
.31
.28
.42
.38
.51
.43
.37
.22
.17

.88*
.69*
.86*
.92*
.68*
.71*
.18
.27
.90*
.81*
.78*
.66*

.65*
.70*
.82*
.51
.66*
.76*
.82*
.75*
.47
.85*
.68*
.43

.31
.42
.38
.27
.80*
.65*
.24
.35
.22
.24
.76*
.46

.15
.23
.42
.20
.17
.22
.30
.66*
.49
.36
.41
.33

.27
.77*
.32
.85*
.26
.71*
.82*
.90*
.21
.76*
.43
.62*

.66*
.73*
.59*
.41
.77*
.87*
.78*
.67*
.81*
.74*
.68*
.72*

.015
.68*
.21
.32
.48
.51
.46
.25
.30
.16
.27
.31

.28
.19
.31
.28
.20
.46
.38
.40
.48
.35
.29
.82*

.76*
.88*
.92*
.88*
.92*
.27
.77
.74*
.85*
.78*
.18
.90*
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Dependent Measures

Asterisks indicate signiﬁcant correlations.
Notes. All signiﬁcant at the 0.0001 level; C = Congruent; I = Incongruent.
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kinematic pattern of the naı̈ve subject became more similar to a cooperative than to a
competitive pattern (see Fig. 4).
3.3. Correlation analysis
As previously demonstrated (Georgiou et al., 2006), all the parameters considered
for this analysis revealed signiﬁcant correlations between the movement of the agents
for the congruent cooperative condition and no correlation for the congruent competitive condition (see Table 2). Interestingly, except for a few cases, for the incongruent cooperative condition such correlations were lost, whereas for the
incongruent competitive condition signiﬁcant correlations were found for the measures of interest (see Table 2).

4. Discussion
The main aim of the present study was to ascertain whether in a social context the
kinematic parameters are inﬂuenced by the cooperative or competitive stance of the
participants. To this end, we included an experimental manipulation intended to create a mismatch between task instructions and partner’s attitude. In line with our predictions, the eﬀects of such mismatch were evident on the kinematics of the naı̈ve
agent. In particular, cooperating with a partner displaying the intention to compete
rendered the agent’s action more competitive. The opposite eﬀect emerged when
competing with a partner displaying the intention to cooperate: the kinematic pattern of the agent became similar to a cooperative pattern.
These results complement and extend previous ﬁndings from our laboratory concerning the sensitivity of kinematics to prior intentions (Georgiou et al., 2006). We
demonstrated that the planning and execution of a goal directed action is modulated
by the intention of the agent to act in a social context. The present ﬁndings further
extend the notion of a social dimension for cooperative and competitive behaviours.
They demonstrate that kinematics is sensitive to the social intention displayed by the
partner and do not simply reﬂect the agent’s intention. Paradoxically, both your
intention and mine are reﬂected in the kinematics of my reach-to-grasp movement.
4.1. From motor to prior intentions: the inﬂuence of others’ mental states on kinematics
The idea that the mental states of another’s person can aﬀect the agent’s action
was already present in the literature under the concept of motor interference (Castiello, 2003). In a series of experiments, an actor reached and grasped for an object
presented in isolation or ﬂanked by a distractor. Subsequently, an observer was
required to perform a similar action toward the target object, but always in the
absence of the distractor. The kinematics of both the human actor and the observer
were aﬀected by the presence of the distractor. Unexpectedly, similar eﬀects were
found in the observer’s kinematics during the trials in which the actor was seated
in front of the observer but no action was demonstrated. These ﬁndings were inter-
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preted as evidence that even in the absence of any overtly executed action, other people’s motor intention can inﬂuence the agent’s kinematics.
The present study identiﬁes new conditions for understanding the link between
kinematics and mental states. If kinematics were simply sensitive to the others’
action and motor intention, a similar kinematical pattern should be observed in
the reach-to-grasp phase, regardless whether the attitude of the partner was congruent or incongruent with the task instructions. The existence of a diﬀerence between
congruent and incongruent trials strongly suggests that the sensitivity of kinematics
may extend beyond the others’ motor intentions. In other words, inﬂuencing the
kinematics of an agent’s action is not only the action performed by the partner,
but her prior intention, which can be inferred from her attitude.
4.2. Incongruent trials: implications for the explanation of the kinematic eﬀects
A potential objection that could be made against this interpretation concerns the
motor constraints imposed by the task. Could the diﬀerences in the kinematics of the
agent simply reﬂect the motor constraints imposed by the task? Since cooperative
and competitive actions may require diﬀerent control strategies, it might well be that
these strategies already emerged in the kinematics characterizing the reach-to-grasp
phase (Georgiou et al., 2006). Whereas such explanation could account for the congruent conditions, an interpretation in terms of motor strategies does not hold for
the incongruent conditions. This is because for the incongruent conditions the kinematics for the reach-to-grasp phase contrasted with the action subsequently performed by the agent during the interaction phase (i.e., cooperative or competitive).
If kinematics simply reﬂected the adoption of a certain motor strategy, then no difference in kinematics should have been observed between reach-to-grasp movements
preparing the same subsequent action.
The natural question concerns the mechanisms underlying the eﬀect of the incongruent manipulation: what is it that causes the changes in the agent’s kinematics on
incongruent trials? What is the kinematics of the agent sensitive to?
Facial expression and body posture are important sources of information about
conspeciﬁcs inner state (Allison, Puce, & Mc Carthy, 2000; Frith & Frith, 2006a).
In the context of social interaction, they might allow an agent to anticipate what
the partner is likely to do next, i.e., to infer her prior intention (Frith & Frith,
2006b). In this connection, a possible explanation of the incongruent manipulation
eﬀect reported here is that agents attributed to the partner an incongruent intention
from the observation of these visual cues and this led to an automatic change in their
kinematics. In this view, the changes in the kinematics of the agents would reﬂect the
direct eﬀect of the partner’s attitude.
Another possible explanation is that the eﬀect reﬂects a change in the actor’s kinematics. For instance, during the incongruent cooperative conditions, the movement
of the actor was already faster during the reach-to-grasp phase of the action. This
decrease in the actor’s movement duration could have plausibly inﬂuenced the participants’ kinematics. The naive participant would simply mimic the movement of
the actor. In this view, the reported eﬀects might reﬂect a form of mimicry, i.e.,
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the result of an automatic link between perceiving a behaviour and performing that
behaviour (Chartrand & Bargh, 1999; Lakin & Chartrand, 2003).1
To summarize, there are two possible, non-mutually exclusive interpretations of
the presented data, either an interpretation based on the actor’s social attitude (facial
expression and posture) which then inﬂuenced the participant’s kinematics, or an
interpretation based on a direct eﬀect of the actor’s kinematics on the participant’s
action.
4.3. Coordination between agents
A further issue to consider when interpreting these data is concerned with the
action coordination between agents. We expected that disturbing the kinematics of
the naı̈ve agent would annul the correlations between key kinematic parameters
for the incongruent cooperative task. Indeed, correlation analysis conﬁrmed this prediction. Surprisingly, signiﬁcant correlations in the movements performed by the two
participants were chieﬂy observed for the incongruent competitive task. These ﬁndings may rule out the possibility that the incongruent manipulation produced a nonspeciﬁc interference eﬀect on the kinematics of the agent. In these circumstances no
signiﬁcant correlation should be observed for key kinematic parameters for the
incongruent task. The very fact that we found signiﬁcant correlations for the incongruent competitive task, but not for the incongruent cooperative task proves that the
eﬀect of the incongruent manipulation was intention-speciﬁc. The incongruent
manipulation did not simply interfere with the execution of the agent’s actions,
but had the potency to induce a reversal in their kinematical patterning. As a result,
cooperation in the form of action coordination was attained without being represented or intended as such.
Recently, Wilson and Knoblich (2005) proposed a possible mechanism by which
action coordination in social contexts might be achieved. On the basis of the assumption that perceiving other people’s behaviour activates imitative motor plans in the
perceiver (Buccino, Binkofski, & Riggio, 2004; Grèzes, Armony, Rowe, & Passingham, 2003; Rizzolatti & Craighero, 2004) they suggest that these motor plans are
used simultaneously for predicting the future course of others’ action and for planning an appropriate complementary action.
This account implies that a rapid integration of self- and other-produced actions
in real time can be achieved. Therefore, given the ‘simultaneous’ nature of our tasks
it is tempting to speculate that the incongruent manipulation eﬀect observed in our
study is achieved through a similar real-time integration mechanism.
These ﬁndings have important implications for the interpretation of the inﬂuence
of the partner’s attitude in the context of social interaction. First, they shows how
the attitude of the partner can have the potency to destroy cooperation (on incongruent cooperation trials), but also the eﬀect to establish a cooperation (on incongruent
competitive trials). Second, they provide evidence of a social dimension of coopera-

1

We thank an anonymous reviewer for suggesting this alternative explanation.
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tive behaviour exceeding the economic dimension. To explain, cooperating with a
competitive partner might be extremely unfavourable in terms of outcomes: a mere
economic explanation may thus account for the eﬀect of attitude of the partner on
cooperative incongruent trials. An economic explanation does not hold, however,
for incongruent competitive trials. Compete with a cooperative partner might be
in fact even more favourable than compete with a competitive partner. The fact that
the kinematic pattern of the agent becomes nevertheless cooperative suggests that at
least in some circumstances the attitude of the partner may prevail on the outcome.
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