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Abstract. Across five experiments, we investigated the parameters involved in the observation and
in the execution of the action of lifting an object. The observers were shown minimal information
on movements, consisting of either the working-point displacement only (ie two points representing the hand and object) or additional configural information on the kinematics of the trunk,
shoulder, arm, forearm, and hand, joined by a stick diagram. Furthermore, displays showed
either a participant's own movements or those of another person, when different weights were
lifted. The participants' task was to estimate the weight of the lifted objects. The results revealed
that, although overall performance was not dependent on the visual conditions (working point
versus stick diagram) or ownership conditions (self versus other), the kinematic cues used to perform
the task differed as a function of these conditions. In addition, the kinematic parameters relevant
for action observation did not match those relevant for action execution. This was confirmed in
experiments by using artificially altered movement samples, where the variations in critical kinematic variables were manipulated separately or in combination. We discuss the implications of
these results for the roles of motor simulation and visual analysis in action observation.

1 Introduction
1.1 Sensitivity to human movements: The motor-simulation and visual-analysis accounts
When observing other people, we are able to understand and interpret their actions in
a seemingly effortless fashion. This ability relies not only on the perception of social
cues or physical appearance, but it also depends on sensitivity to human movement.
For instance, Johansson's (1973) point-light technique isolates the kinematic cues from
any information about the form by reducing the movements of the body to the motion
of just a few point-lights attached to the major joints of the body. However, even with
such reduced kinematic information, participants are able to recognise lifted weights
(eg Bingham 1987, 1993; Runeson and Frykholm 1981, 1983; Shim and Carlton 1997),
the gender of a person (Barclay et al 1978; Cutting 1978; Kozlowski and Cutting 1977;
Pollick et al 2005), the identity of a walker (Cutting and Kozlowski 1977; Jacobs et al
2004), expectations and deceptive intents (Runeson and Frykholm 1983), the elasticity of
a surface (Stoffregen and Flynn 1993), and even a dancer's emotional state (Brownlow
et al 1997; Dittrich et al 1996).
Two main hypotheses have been put forward to account for our understanding
of others' actions. The first one posits that our ability to perform the same movements
facilitates perception (eg Wilson 2001). In this case, the sensitivity to human movement relies on a functional link between the visual and the motor systems (eg Viviani
and Stucchi 1992). The second hypothesis suggests that our understanding of others'
actions can be performed through a purely visual analysis (eg Johansson 1973).
The first class of theories, which emphasises perception ^ action coupling, follows
James' ideomotor principle (James 1890, volume II, page 526) according to which
imagining an action will create a tendency to carry it out. The actual execution of the
ô Address for correspondence: LIMSI, BP 133, 91403 Orsay, Cedex, France.
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action will occur if there are no simultaneous antagonistic mental images. This principle
has more recently been developed into the theory of action simulation in neuroscience
(Dokic and Proust 2002; Gallese and Goldman 1998) and the theory of event coding,
which involves a common coding of sensory and motor codes (eg Hommel et al 2001).
According to the theories that emphasise perception ^ action coupling, there is a functional equivalence of perceptual and action representations; perceptual representations
contribute to action and, conversely, action representations contribute to perception.
More precisely, actions are coded in terms of the resulting perceptual events and,
conversely, whenever an observer perceives events resulting from an action, his corresponding motor codes are activated (motor-simulation hypothesis). This occurs to the
degree that the perceived events are linked with actions in the individual's repertoire
(eg Prinz 1997). Following on from this view, the visual analysis of another person's
actions is influenced by the observer's motor system. As a consequence, visual sensitivity to human movement will depend on whether or not the movement is consistent
with the biomechanical constraints of the human body.
Neurophysiological evidence provides support for common mechanisms underlying
action observation and action execution. In particular, Rizzolatti and his colleagues have
reported the existence of neurons that fire both when a monkey carries out goal-directed
actions such as grasping a peanut, and when the monkey watches the experimenter perform
the same action (eg Gallese et al 1996; Rizzolatti et al 2001; see also Rizzolatti and
Craighero 2004). Note that, according to Fogassi and his colleagues (2005), the mirror
neuron system in monkeys seems to be more related to the goal of the action than to
the precise details of action execution. In humans, common motor areas are active
both when planning and performing actions and when perceiving the actions of others
(Blakemore and Decety 2001; Decety and Gre©zes 1999). However, such activation of the
motor system during action observation only occurs when observers watch biomechanically
possible movements (Stevens et al 2000).
In addition, the motor-simulation hypothesis can be divided into two main versions:
a strong version proposes that there is direct matching between the perception and action
systems (see Gallese et al 2004; Rizzolatti et al 2001; see also Jacob 2009 for a critical
review). It follows that matching the kinematic properties of perception and action is
critical. A weaker version suggests that, although there is activation of the motor system
in response to the observation of an action, the kinematic details of the action need not
be encoded (eg see Fogassi et al 2005).
An alternative view is that the recognition of human movement is based on a
purely visual analysis, without the need of any motor simulation (eg Bu« lthoff et al
1998; Giese and Poggio 2003). Visual sensitivity to human movement is due to the fact
that observers have more visual experience with human motion than with any other
type of dynamic event. In particular, according to Johansson (1973), our high level of
performance with point-light displays is due to extensive prior visual experience with
perceiving these types of movement. As a consequence, performance in movement
recognition should depend on the frequency with which particular movements were
previously observed. This account explains our greater sensitivity to biological than
to mechanical motion not by a link between perception and action but as resulting from greater visual experience with human motion. Behavioural support for the
hypothesis of movement recognition through visual analysis comes from experiments
in which the participants rate the extent to which a three-dimensional point-light
walker looks human. Performance depends critically on whether participants view
the walker from an unusual or from a common (ie sagittal) point of view (Bu«lthoff
et al 1998).
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1.2 Perceptual weight judgments
Perceptual weight judgments provide a way to investigate the extent to which there is
a link between action observation and motor performance. Indeed, previous studies on
perceptual weight judgments have investigated the correspondence between performed
and observed movements using a succession of static pictures (eg Valenti and Costall
1997), full form videos (eg Hamilton et al 2007), and point-light displays (eg Shim and
Carlton 1997). However, in order to understand more specifically which specific kinematic cues used in perceptual weight judgments are and whether or not they match
the performed actions of lifting, we propose to use simplified graphical animations
of the action of lifting that allow better control of the amount of information displayed.
In particular, in the study reported here, we investigated three main questions.
First, we assessed how much and what kind of properties are extracted in the observed
movement. Following on from a motor-simulation hypothesis, this question relates to the
amount of observed movement taken into account in the simulation. More precisely, we
investigated whether observers can perceive one kinetic property of the object (its weight)
from the kinematics of the hand and object alone (eg displacement and velocity) or
whether they also use the topological characteristics of the posture (and, more particularly, of the upper limb configuration) reflecting the relative motion of body segments.
Scully and Newell (1985), following on from the findings of Runeson and Frykholm's
study (1981) on lifting motion, argue that observers perceive the relative motion of body
parts. Thus, carrying different weights can lead to different displacement speeds but
also to different inter-joint coordination. For instance, when lifting an object using the
whole body, the involvement and timing of the limbs and spine rotations vary with
the weight of the object (eg Scholtz et al 1995). In addition, although this parameter
has not been directly investigated, it is likely that people adapt their trunk and upperlimb motor coordination when lifting heavier objects (ie they increase trunk bending
and/or limit elbow extension). The argument that posture influences perceptual weight
judgments finds support in our ability to infer the weight of objects from static pictures
(eg see Valenti and Costall 1997). If indeed people use the topological characteristics
of the posture to estimate the weight of an object being lifted, then observers will
have better performance when being shown such information on posture along with
movements of the hand and object (ie in the latter case, the display is limited to the
displacement of the task-related points or `working-points'). In order to test this prediction in experiment 1 we displayed recordings of an actor lifting different weights.
We measured the ability of participants to make perceptual weight judgments when
only the working-point displacement was shown and when the kinematics of the trunk,
shoulder, arm, forearm, and hand, joined by a stick diagram, were shown.
The second question investigated here relates to the perception of our own versus
others' movements. Are we better at recognising the kinetic properties of objects
when observing our own movements? In addition, do we extract the same information when we observe the movements of other people as compared with when we
observe our own movements? The hypothesis of a close connection between perception
and action making for better performance when observing our own movements has
been suggested by Gibson (1979) and re-developed in the theory of event coding
(eg Hommel et al 2001). According to this view, as we have a motor-learning history
for a specific task and as we have knowledge of our own anatomical constraints, our
perception ^ action system is optimally tuned for the observation of our own actions.
This occurs either because we have a greater tendency to carry out exactly the same
action, or because we better anticipate the effects of the perceived action due to a similar
action simulated internally during observation. In order to investigate this hypothesis,
in experiment 2 we recorded the movements of twelve participants lifting objects
with different weights. Subsequently, in experiment 3, we displayed to the participants
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simplified representations of their own movements and simplified representations
of another participant's movements. This allowed us to investigate whether accuracy
in perceptual weight judgments is better when viewing our own or another person's
movements.
The third question examined here is whether or not the cues relevant for weight
categorisation during action observation are the same as the variables varying consistently with weight during action execution. Hamilton et al (2007) investigated this
question by varying the duration of four key phases of the action of lifting an object
(reach, grasp, lift, and place). The authors found that, during action observation, the
lifting-time parameter was most critical for perceptual weight judgments. On the other
hand, during action execution, that is when analysing the natural movement of lifting,
the authors found that the duration of the grip is the one that is the most sensitive
to the weight of an object. The authors concluded that the optimal cues differ between
performed and observed lifting movements. However, other parameters, aside from
the duration of the different phases, might also be relevant. These other parameters
include the velocity of the phases, the maximal lift velocity (Shim and Carlton 1997),
and the maximal vertical acceleration of the object. In experiment 2 we analysed a
data set from twelve participants lifting an object to establish the correlations between
variance in weight and variance in kinematic parameters (such as the mean acceleration). Subsequently, experiment 3 investigated which parameters modify observers'
perceptual weight judgments. Finally, experiments 4 and 5 investigated the most relevant parameters for action observation by altering the key components of the lifting
action in the graphical animations. Overall, the study reveals whether or not parameters used during action execution match those used for perceptual judgments during
action observation.
2 Experiment 1. Type of minimal information necessary for perceptual weight judgments
The aim of experiment 1 was to determine the amount of kinematic information necessary for action recognition: do the observers need to see the displacement of the working
point only, or do they need to see the kinematics of the trunk, shoulder, arm, forearm,
hand, and object? In order to investigate this question, we recorded the movements of
an actor lifting objects of different weights. We then created graphical animations which
displayed the displacement of the working points only (ie limited to two points representing the hand and object) and graphical animations consisting of a stick diagram
which represented the trunk, shoulder, arm, forearm, hand, and object. These simplified representations of the action of lifting an object were then displayed from side
view to participants who had to rank the estimated weights on a scale.
2.1 Methods
2.1.1 Movement recordings. Five black opaque glasses with an identical appearance
(8 cm height, 7 cm diameter) but different weights were prepared. The glasses weighed
200, 500, 800, 1100, and 1400 g, respectively, different amounts of lead having been
added inside each glass. Each participant's movement was recorded by a motion star
system (ascension technology, 86 Hz frequency; static accuracy position: 0.76 cm; rms
static accuracy orientation: 0.5 deg rms at 1.52 m range). To avoid interference with
the measurement system, all metallic objects and electromagnetic sources were removed
from the experimental room. One electromagnetic marker was placed on a lid used
for the five glasses and five other markers were placed on the participant's body in the
following locations: the middle part of the sternum, the acromion process, the upper
third of the humerus, and on the dorsum of the hand at the level of the third metacarpal bone.
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An additional marker was used to record the position of different anatomical body
landmarks at the start of the experiment in order to construct the stick diagram based
on each participant's anatomy. In short, the trunk and upper limb were represented
by geometrical shapes delimited by bony landmarks digitised during a preliminary
procedure (see Hanneton et al 2011 for further details). The thorax is defined by
the processus xiphoideus, incisura jugularis, and processus spinosis of C7 and T8; the
scapula by the angulus acromialis, trigonum spinae, and angulus inferior; the upper
arm by the medial epicondylus, lateral epicondylus, and the glenohumeral rotation
centre (computed from passive circumduction movements); the lower arm by medial
and lateral epicondylus and the styloid processes. The three-dimensional position of each
target was also recorded with the additional marker. The participant was fitted with
noise-cancelling headphones and Plato liquid-crystal glasses that prevented him seeing
the experimenter placing the glasses on the table in front of him during in-between
trials. He was not told how many glasses were used or their weight. The participant
started each trial with his right hand placed on his chest. When the glass he has to
manipulate was revealed to him (by the opening of the Plato glasses), he was instructed
to grasp and lift the glass with his right hand in order to place it on a shelf located
20 cm beyond and 18 cm above the starting point. The five glasses were presented
15 times each in a random order, so that the participant was not aware of the weight
of the glass before lifting it.(1)
2.1.2 Movement displays. From the set of the movement recordings, the first three trials
for each glass were removed and five recorded movements for each of the five glasses
were selected randomly. Then, graphical animations were created for each selected
movement which displayed either the displacement of only two points representing the
hand and the object (working-point representation) or, in addition, the animations
representing the trunk, shoulder, arm, forearm, and hand (stick-diagram representation,
see figure 1). The animations were presented using Labview software.
2.1.3 Participants. Fourteen participants (seven females and seven males, mean age of
32.3 years) took part in this experiment which lasted approximately 40 min. In this
experiment and all those reported here the participants had normal or correctedto-normal vision and they were naive to the hypotheses under investigation. All the
experiments were performed in accordance with the ethical standards laid down in
the 1991 Declaration of Helsinki.
2.1.4 Materials and procedure. Before the start of the experiment, the participants were
given the opportunity to lift two visually identical glasses with weights of 200 and 1400 g
(the lightest and the heaviest glasses used in the movement recordings). The participants
were then shown one animation for each of these two glasses and for the two conditions
of stimulus visualisation (working point and stick diagram). They were told that these
two weights corresponded respectively to 10% and 90% of the possible weights. The
participants were then told that they would be shown a set of animations and that,
(1) Preliminary recordings were conducted on two participants performing the same task but in
blocked conditions of object presentation (each of the five different glasses was presented 15 times
successively). Movement analysis revealed that participants' posture was more influenced by the order
and number of repetitions of the carried objects than by the weight of the object. More precisely, the
participants' posture becomes more and more bent during the experiment and this effect was greater
than the influence of the objects' weight on posture. In addition, similarly to what has been shown
previously under blocked conditions of weight presentation, the kinematics of the reach phase
(Atkeson and Hollerbach 1985) and the kinematics of the lift phase (Gordon et al 1991; Johansson
and Westling 1988) converged toward similar profiles, independently of the object's weight. Thus, in
order to increase the distinctness of the different objects' weights, in all the experiments reported
here we only used movement samples recorded in the random condition of object presentation.
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(b)

(c)
(d)
Figure 1. [In colour online, see http://dx.doi.org/10.1068/p6879] Picture of the experimental setup
used for the movement recordings in experiments 1 and 2. The added geometrical forms show
the two conditions of visualisation presented to the observers during the perceptual weight judgment task: working point (a) and stick diagram (b). The bottom part shows the displays viewed
by the participants when the working point (c) and the stick diagram (d) are in movement; on the
right is represented the scale used by participants to give their response.

after each animation, a visual-analogical scale would be presented to them on the
computer screen so that they could rank the estimated weights using the computer's
mouse (the scale had 100 points; by default the cursor appeared in the middle). The
participants completed ten practice trials for each of the two conditions of stimulus
visualisation.
The participants then completed two experimental conditions of visualisation (working point and stick diagram) in two separate sessions whose order was counterbalanced
across participants. Each session included five recorded lifts for each of the five weights,
and each recording was viewed three times with the participants completing 150 trials in
total. Within each session, the trials were presented in a random order, ie the order of
presentation of the trials for the observers was not the same as the order in which
the actor lifted the different weights. The ranking responses were non-speeded, but the
participants had to give a response for every trial. No feedback was given regarding
the accuracy of the participants' responses.
2.2 Results
An ANOVA performed on the participants' responses with the factors visualisation
(working point versus stick diagram) and weight (five levels) revealed a significant
main effect of weight (F4, 52  34:40, p 5 0:0001), no significant effect of visualisation (F1, 13  1:59, p  0:23), and a near-significant interaction between these two factors
(F4, 52  2:38, p  0:06). A Duncan a-posteriori test on the weight factor revealed significant differences between 200 g and all the other weights (all ps 5 0:001), between 500
and 1400 g ( p 5 0:05), and between 800 and 1400 g ( p 5 0:01). As shown in figure 2,
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the observers overestimated the weights under 800 g and underestimated the weights
over 800 g. This result is consistent with previous studies on the perception of lifted
weights (eg Bingham 1987).
2.3 Discussion
The main result to emerge from the analysis of experiment 1 was that the participants
were able to perform the perceptual weight judgment task even in the minimalist
conditions of visual presentation used in this experiment. Indeed, their rankings of the
weights seen in the graphical animations varied in correspondence with changes in
the weight carried by the actor. This was particularly obvious for the lightest weight
that was ranked as being lighter than all the other weights. However, the participant's
performance was the same in the working-point and in the stick-diagram conditions.
This result suggests that more precise kinematic details, that is the representation of
the trunk, arm, and shoulder in addition to the hand and object does not facilitate
action recognition. This result seems to contradict a strong motor-simulation hypothesis according to which all the kinematic aspects of an observed movement are taken
into account in the simulation, whereas a weaker version would propose that there is a
motor representation of the goals of the action but its kinematic details need not be encoded.
It should be mentioned that such absence of any use of the changes in posture in order to
determine the objects' weight does not confirm previous results from Valenti and Costall
(1997) whose participants were able to infer objects' weight from static pictures, nor the
results of Runeson and Frykholm's study (1981) according to which observers perceive
the relative motion of body parts thanks to movement coordination. However, these
two studies used heavier objects (which consisted of heavy boxes ranging from 1 kg up
to 31 kg depending on the experimental conditions) which might have induced more
pronounced changes in posture and thereby better cues to infer the weight of objects.
Alternatively, the other hypothesis that can be put forward in order to explain
the absence of differences between the working-point and the stick-diagram conditions
found in our experiment is that observers use configural information in addition to
the working-point displacement for movements that are highly familiar to them. For
instance, the participants in Bu«lthoff et al's (1998) study recognised more easily a
point-light walker when viewed from a usual rather than from an unusual point of
view. If familiarity with movements (whether it is a visual or a motor familiarity)
indeed plays a role in movement recognition, then a subsequent prediction (tested in
experiments 2 and 3) is that observers will use differently the configural information
displayed to them when viewing their own movements and someone else's movements.

1088

M Auvray, T Hoellinger, S Hanneton, A Roby-Brami

3 Experiment 2. Kinematic parameters varying with weight during action execution
In experiment 2, we recorded the movements of a larger set of participants lifting the
same five objects that were used in experiment 1. In addition to replicating the results
of experiment 1 with a larger number of actors, the aim of these additional recordings
was twofold. First, these recordings were used in experiment 3 in order to investigate
whether the participants were better at estimating weights when they viewed their
own movements rather than when they viewed another participant performing the same
action. Second, these recordings were used in order to establish the correlations between
variance in weight and variance in several kinematic parameters in order to investigate
whether or not the kinematic parameters that vary during action execution are the same
as those used as reliable cues during action observation.
3.1 Methods
3.1.1 Participants, materials, and procedure. Twelve participants (four females and eight
males, mean age of 28.7 years) participated in this experiment which took approximately 1 h to complete. The materials and procedure were the same as those described
for the movement recordings of experiment 1.
3.1.2 Movement analyses. The motion star data give the successive positions of the sensors
that were placed on the object and on a participant's hand. These successive positions
were subsequently filtered with a Gaussian filter and the velocity was computed by a
derivation of the positions as a function of time. The vertical velocity profile of the
hand and object movements were used to delimit the successive phases of the action
which can be decomposed into a fast upward phase of the hand, then a slower descent
toward the object, followed by an upward movement of the hand lifting the object.
The reach phase begins at the start of the hand movement (when its vertical velocity
rises above 0.05 m sÿ1) and ends at the onset of the hand's descent (when its vertical
velocity decreases below 0.05 m sÿ1). The grasp phase begins at this moment and ends
at the onset of the object's lifting (when the vertical velocity of the object rises above
0.05 m sÿ1). The maximal height of the object (Hmax ) and its maximal velocity (Vmax )
were computed together with the times at which they occurred. The lift phase lasts
from the beginning of the movement of the object until the object reaches its maximal height. The duration of the lift was measured from the onset of lifting until the
object reaches its Hmax . It was divided into an initial acceleration whose duration was
measured from the onset of the object's lifting until the object reached its maximal
velocity, at Vmax time, and a subsequent deceleration (between Vmax time and Hmax
time). The mean upward acceleration during the lift was measured by dividing Vmax by
the duration of the acceleration phase (from the onset of lifting until Vmax time). The
lift phase is followed by a slower place phase which lasts from the object's peak height
until the end of the movement, as the box is put on the shelf.
3.2 Results
3.2.1 Kinematic analyses. The analyses focused on the following dependent variables:
duration of the movement phases (reach, grasp, lift acceleration, lift deceleration, and
place), maximal height of the object, maximal velocity, and mean lift acceleration.
The means of the fifteen movements performed by each participant with each weight
were computed. An analysis of covariance (ANCOVA) was conducted (ie with the
weight as a cofactor) in order to investigate on which kinematic variables the linear
trend of the weight has an influence (see figure 3). The results revealed that the duration of the grasp phase increased significantly with weight increase (F1, 58  27:82,
p 5 0:0001) (figure 3a). The duration of the lift acceleration also increased significantly with weight increase (F1, 58  15:71, p 5 0:001) (figure 3b). The duration of the
reach phase did not vary significantly with weight (F1, 58 5 1, ns), nor did the duration
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Figure 3. Variation of the kinematic variables with the weight of the object. (a) Duration of
grasp phase; (b) duration of acceleration during lift; (c) duration of place phase; (d) mean acceleration; (e) maximum velocity; and (f ) maximum height. The circles on the graphics represent
the group average (twelve participants) and the error bars represent the standard error of the
mean (means of 15 movements for each of the twelve participants).

of the lift deceleration phase (F1, 58 5 1, ns), nor the duration of the place phase
(F1, 58  0:005, ns) (figure 3c). The mean acceleration during lift decreased significantly
with weight increase (F1, 58  29:0, p 5 0:0001) (figure 3d) as well as the maximal
velocity of the lift (F1, 58  9:2, p 5 0:01) (figure 3e). The maximal height of the object
during the lift phase did not vary significantly with weight (F1, 58  1:8, ns) (figure 3f ).
Note that the lightest weight was lifted 0.5 cm (SE of 0.04 cm) higher than the other
weights (Student's t-test, p 5 0:05 after pooling the 500 ^ 1400 g weights).
3.3 Discussion
The results of experiment 2 are consistent with previous studies which have shown
that an increase in object weight results in a prolongation of the grasping action
(Brouwer et al 2006; Eastough and Edwards 2007; Gentilucci 2002; Weir et al 1991)
consistently with the duration required for the building of the grip ^ load force coordination before lifting the object (Johansson and Westling 1984, 1988). In addition, the
results revealed that, during the lift phase, the weight did not influence significantly
the maximal height, except for the lightest weight, which was lifted higher than the
others. It should be mentioned that this slight but consistent overshoot when lifting
the lightest object might explain why it was scored proportionally lighter than all the
other objects in experiment 1. The weight tended to decrease the maximal velocity of
lifting, consistent with the results of Brouwer and his colleagues (2006) and Eastough
and Edwards (2007) who found that increasing the object's weight induced a significant
decrease in the velocity of lifting.
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The results also revealed a significant effect of weight on the acceleration while
lifting which decreased with increasing object weight. However, the amount of variation of the acceleration (less than twice as low) remained relatively limited compared
with the large variations of the lifted weights (the heaviest object being seven times
the weight of the lightest object). From these results, the prediction can be made
that the variables related to the timing of hand ^ object relationships (the duration of
the grasp and lift acceleration phases) and the kinematics of the object during lift
(in particular the acceleration) should convey sufficient information for the perceptual
weight judgment task, even when the graphical animation is limited to the displacement
of the hand and object.
4 Experiment 3. Action observation: Viewing one's own versus others' movements
Previous studies suggested that participants perform better when observing an action
that they previously performed rather than when observing other people performing
the same action (eg Loula et al 2005). In particular, better performance for observers' own movements has been shown for predicting the landing position of a dart
(Knoblich and Flach 2001) and for predicting the future course of handwriting trajectories (Knoblich et al 2002; see also Knoblich and Flach 2003, for a review). With
respect to the perception of weights, it has been shown that, when watching movies
of oneself and of someone else lifting boxes of various weights, temporal differences
in premotor cortex activity differentiate one's own actions from the actions of others
(Gre©zes et al 2004).
The aim of experiment 3 was to investigate from a behavioural point of view
whether participants are better in a perceptual weight judgment task after viewing
their own movements rather than after viewing another participant's movements under
minimalist conditions of stimulus presentation. In addition, the aim of experiment 3
was to investigate whether observers use the same cues when observing their own movements and someone else's movements. To do so, we repeated the comparison between
the stick-diagram and working-point displays despite the lack of an effect found in
experiment 1. Indeed, we supposed that, in the case of the recognition of someone's
own movements, a more detailed display involving the trunk and upper limb configurations could improve performance. Finally, following on from experiment 1, in
experiment 3 we further investigated whether perceptual weight judgments rely upon
the kinematic variables that vary consistently with weight. The converse hypothesis is
that observers may use other cues, despite their lack of biomechanical reliability.
4.1 Methods
4.1.1 Participants, materials, and procedure. The same twelve participants that took
part in experiment 2 completed experiment 3. The materials and procedure were the
same as those reported for the perceptual part of experiment 1 with the following
exceptions. From the set of the movements' recordings of each participant that took
part in experiment 2, the first 2 trials for each weight were removed and 10 recorded
lifts for each of the five weights were selected randomly. The participants viewed both
their own movements (`self' condition) and the movements of another participant who
completed experiment 2 (`other' condition). This selection was done randomly, but
in such a way that all the participants of experiment 2 served once in each condition
and in such a way that the participants viewed the movements of another participant
of the same gender. In addition, as in experiment 1, the participants completed two
conditions of visualisation (working point and stick diagram) in two separate blocks
of trials. The order of presentation of the two conditions of ownership (self versus
others' movements) and of visualisation (working point versus stick diagram) was
counterbalanced across participants. As in experiment 1, in each block, the order of
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presentation of the trials was randomised (ie the trials were not viewed in the same
order as they were performed during movements' recordings). Each session included
10 recorded lifts for each of the five weights with the participants completing 200 trials
in total. At the end of the experimental session, we told the participants that they had
viewed their own movements and the movements recorded on another participant.
We then asked them to determine which session corresponded to their own movements.
4.2 Results
4.2.1 Main effects of ownership and visualisation. An ANOVA performed on the participants' responses with the factors ownership (self versus others), visualisation (working
point versus stick diagram), and weight (five levels) revealed a significant main effect of
weight (F4, 44  60:83, p 5 0:0001), no significant effect of visualisation (F1, 11 5 1, ns),
ownership (F1, 11 5 1, ns), nor any significant interaction between these factors. A
Duncan a-posteriori test on the weight factor revealed significant differences between
all the conditions of weight (all ps 5 0:01). It should be mentioned that only five
participants out of twelve recognised their own movements when they were asked
which session corresponded to their movements and which one corresponded to someone else's movements.
4.2.2 Relationships between the kinematic parameters and perceptual weight judgments.
Simple regression analyses. Simple regression analyses were conducted in order to
determine the respective influences of the weight and of several kinematic variables
individually on the response. These analyses were performed on sets of sixty values
(twelve participants and five levels of weight). Simple regression of the response as a
function of weight showed that the weight explained around half of the variance of the
response and this amount was similar in the four experimental conditions (figure 4,
grey bars, and table 1, left column). Some of the kinematic variables also explained a
part of the variance on the response given as a function of the four experimental
conditions (see table 1).
4.2.3 Relationships between the kinematic parameters and perceptual weight judgments.
Multiple regression analyses. Multiple regression analyses (stepwise regression analysis,
with automatic exclusion of variables by the default procedure of the SPSS software)
were subsequently performed. The independent variables involved in this analysis were
the kinematic variables of table 1, except the maximal velocity which was omitted since
it is equal to the mean acceleration multiplied by the duration of lift and therefore it
could not be included in a linear model.
The regression of the weight as a function of the kinematic variables was conducted
in order to analyse those variables that convey information related to weight (action
execution, right part of figure 4). The results showed that the information on weight
Table 1. Proportion of the variance of the perceptual weight judgments (adjusted r 2 ) explained
by the weight (left column) and by the different kinematic variables considered separately, for
the two conditions of ownership: self and other, and for the two conditions of visualisation:
working point (WP) and stick diagram (SD). The different kinematic variables are respectively:
duration (D) of the reach, grasp, acceleration (acc), deceleration (decel) and place phases, maximal height (Hmax ), maximal velocity (Vmax ), and mean acceleration (acc) during lift. The significant
values are given in black bold characters, the non-significant values are in parentheses.
Weight
WPÐself
SDÐself
WPÐother
SDÐother

0.49
0.57
0.53
0.49

D reach D grasp D acc
±
(0.02)
(0.03)
^

0.14
0.25
0.27
0.05

0.30
0.25
0.31
0.11

D decel
^
^
0.07
^

D place
^
^
(0.01)
(0.01)

Hmax

Vmax

Mean acc

(0.02)
^
(0.03)
0.14

0.28
0.18
0.37
0.07

0.45
0.36
0.43
0.17
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Action observation
working point, working point, stick diagram, stick diagram
self
other
self
other

0.5

Execution
0.6

0.5
Independent
variables

0.4

0.4

weight

r2

D reach
0.3

D grasp

0.3

D acc
D decel
0.2

0.2

0.1

0.1

0.0

K

W
K W
K W
K W
Dependent variable: PWJ response
Regression as a function of kinematics (K) or weight (W)

0.0

acc lift
Hmax

K
Weight

Figure 4. Percentage of variance at simple and multiple regressions (adjusted r 2 ) during action
execution and for the four conditions of action observation. (a) Action observation. The grey
histograms (W) represent the percentage of variance of the response explained by the weight in
the four conditions. The combined histograms (K) represent the percentage of cumulated variance in the perceptual weight judgment responses explained by the kinematic variables in the
multiple regression. (b) Action execution. The combined histogram (K) represents the percentage
of cumulated variance in weight (ie accounting for the information on weight) explained by the
kinematic variables in the multiple regression.

was at first strongly dependent on the acceleration during lift (adjusted r 2  0:29).
The durations of grasp, lift acceleration, lift deceleration, and Hmax also contributed
for a cumulated amount of 56% of the variance (adjusted r 2  0:56).
The regression of the response as a function of the kinematic variables (action observation, left part of figure 4) revealed that, taken together, the kinematic parameters
explain a similar amount of cumulated variance of the response in the working-point ^self
(52%) and working-point ^ other (53%) conditions, but less for the stick-diagram ^ self (40%)
and even less for the stick-diagram ^ other conditions (30%).
In addition, this analysis revealed differences in the kinematic parameters contributing to the regression as a function of the conditions of visualisation and ownership.
The value of the mean acceleration during lift was the only parameter to enter in the
regression for the four conditions and always explained the greater amount of variance
whatever the condition. In the working-point ^ self condition, acceleration during lift
explained 45.3% of the variance and only the duration of the reach phase was additionally involved in the regression (for an additional 5.8%). In the working-point ^ other
condition, in addition to the mean acceleration during lift (42.8%), the response also
depended on the duration of the grasp phase (7.1%) and on maximal height (3.1%).
In the stick-diagram ^ self condition, the responses depended significantly on acceleration during lift (36.4%) and on the duration of the grasp phase (for an additional
3.7%). In the stick-diagram ^ other condition, the responses depended on the mean
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acceleration (17%, which is less than for the three other conditions) and on maximal
height (13%). Finally, it should be mentioned that, whereas the mean acceleration was
involved in the regression in all the conditions of action observation, it represents
a relatively small part of the information on weight during action execution (29%).
In addition, the small number of kinematic variables influencing the response in each
condition of action observation contrasts with the fact that, during action execution,
the information on weight depended on information about the five kinematic variables.
Surprisingly, the multiple-regression analysis suggests that the duration of the lift
does not bring information on weight, nor explain a part of the perceptual weight
judgment responses. This can be explained by the fact that the correlation between the
duration of lift and the weight (r  0:42) is dependent on the correlation between
the mean acceleration and the weight (r  0:55). Indeed, partial correlation analysis
showed that the correlation coefficient between the duration of lift and the weight was
reversed when computed for a constant lift acceleration (partial correlation coefficient
r  ÿ0:26).
4.3 Discussion
In experiment 3, the participants performed a perceptual weight judgment task when
viewing their own movements and the movements performed by another participant.
It should be mentioned here that in this experiment we chose to display the movements
of only one other participant instead of a set of movements taken randomly from all
the participants, and we also chose to display the two conditions (self versus others'
movements) in two separate sessions. This was done in order to avoid errors due to
the successive perception of movements performed by different lifters. Indeed, Shim
et al (2004) found that the participants in their study overestimated the weights
lifted by the weakest lifter and underestimated the weights lifted by the strongest lifter.
Thus, the observation of a lift performed by a strong lifter might influence the judgment on a subsequent lift performed by a weak lifter (and conversely). In addition,
observers are better at estimating the lifter's produced effort than the actual weight
lifted (Shim et al 2004). As a consequence, we hypothesised that the observers' performance as well as their confidence in their judgment would be better if they were shown
and made aware that a series of lifts was performed by the same lifter.
Experiment 3 confirms, with a larger number of actors, the result of experiment 1,
and in particular the possibility to make perceptual weight judgments from the visual
observation of gestures. In addition, the first main result to emerge from the analysis
of experiment 3 was that participants' raw performance was the same in the two conditions of ownership (self versus others' movements). Thus, contrary to our predictions,
viewing our own movements does not improve performance. In addition, with respect
to the comparison between the two conditions of visualisation, the participants' mean
error was the same in the working-point and in the stick-diagram conditions (as in experiment 1), and this was the case both when viewing one's own and others' movements.
The second main result to emerge from the analysis of experiment 3 relates to
the relationships between the kinematic parameters and perceptual weight judgments.
Although there were no significant overall differences in global performance between
the conditions of visualisation and ownership, the parameters used to perform the
task were not the same for the four experimental conditions (see the Results section).
In addition, the results revealed that the parameters that were the most relevant for action
execution are not the same as the ones used during action observation. The mean
acceleration contributed most of the variance both for action observation and for
action execution. However, the other parameters that also played a part in the regression on action observation differed greatly as a function of the conditions and never
included all the parameters involved in action execution.
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It should be mentioned that the lack of a significant difference in overall performance between the different conditions of visualisation and ownership cannot be
entirely attributed to the setup itself that could be thought to lack precise information.
Indeed, the participants are sensitive to different kinematic variables depending on the
conditions. This tends to suggest that performance is less due to a lack of sensitivity
to these variables than to limitations in the attentional processes that are required to
perform the task. As the observers cannot take into account all the parameters on
the perceived weight (despite being able to process them), they do not simply use all the
available information displayed. On the contrary, some parameters are privileged to
the detriment of others and these differ as a function of the conditions.
In the two working-point conditions, the total amount of variance explained by
the kinematic variables is roughly similar to the amount of variance explained by the
weight. This suggests that some of these kinematic variables are sufficient to give an
account on the information used for perceptual weight judgments. In the working-point ^
self condition, the participants relied mainly on the acceleration during the lift
phase; in the other conditions they also used information linked to the duration of the
grasp phase and maximum height. On the other hand, in the stick-diagram condition, the total amount of variance explained by the kinematic variables is much less
than the amount of variance explained by the weight. This suggests that the participants used additional parameters linked to the global posture and/or displacement of
the trunk and upper limbs (which were not quantified in the present study) when viewing the stick-diagram condition. In addition, the fact that the stick diagram does not
improve overall performance in the self condition, as well as the fact that there are
differences in the stick-diagram condition between viewing one's own and others'
movements might be due to the involvement of an unnatural point of view in the latter
case. After all, we never see our own shoulder blade. On the contrary, the workingpoint visualisation remains natural in the self condition: although it was registered in
profile, the trajectory would not have been very different if the hand had had a trajectory starting from a lateral position toward the centre of the working space in front
of the eyes.
5 Experiment 4. The role of the duration of the four phases of prehension (reach, grasp,
lift, and place) on perceptual weight judgments
The results of experiment 3 revealed that, in order to make their perceptual weight
judgments, the participants relied most on the mean acceleration during the lift phase
plus to some extent the duration of the grasp and place phases, but they did not use
the duration of the lift phase. Experiment 4 was conducted in order to further investigate the role of the duration of the four phases of the prehension movement (reach,
grasp, lift, and place). It should be mentioned that our minimal display allows reconstructing a set of artificial movements by varying the phase durations while keeping
the fundamental characteristics of smoothness of the trajectory and velocity profile of
natural movements.
5.1 Methods
5.1.1 Construction of the set of modified movements. A mean movement was taken as a
reference. This movement was chosen among the movements performed by one participant lifting the median weight (800 g) in experiment 2. The criterion for choosing the
reference movement was that its kinematic variables were equal to the means of
the rest of the group. For this experiment, we focused on the working-point display.
The trajectories of the hand and object during this chosen movement were then altered
by signal-processing methods (spline interpolation, offset) in order to obtain variations
in the duration of the reach, grasp, lift, and place phases, without altering the maximal
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height of the object during lift. The durations were modified independently for each
phase in order to take 60, 80, 100, 120, and 140% of the value of the reference movement (ie 16 altered movement samples in addition to 4 times the reference movement).
The trajectory and velocity profiles obtained by this method were regular and
retained the global smoothness of the reference movement. The kinematics of the altered
movements were quantified in order to determine the accuracy of the modifications.
In all the cases, the durations of the modified phases fell within 2% of the objective
with less than 2% of unwanted modifications of the other phases. As expected, the
acceleration during lift was altered by the modification of lift duration without modification of the height. The acceleration during lift was increased to reach respectively
246.9% and 135.6% of the value of the reference movement when the duration of the
lift was decreased to 60% and 80% of the value of the reference movement. Similarly,
it was decreased to 62.3% and 44.9% of the value of the reference movement when
the duration of the lift was increased to reach 120% and 140% of the reference
movement.
5.1.2 Participants, materials, and procedure. Twelve participants (three females and nine
males, mean age of 30.4 years) participated in this experiment which took approximately 40 min to complete.
The materials and procedure were as follows: the participants viewed only the movements corresponding to the working-point displacement (see the left part of figure 1).
Each session included 10 movements for each of the 5 durations of the 4 phases (which
were modified independently) with the participants completing 200 trials in total. Prior
to the experimental session, the participants were given 40 practice trials, so that they
could see the variety of movements twice and thereby adjust their own relative scale.
As in experiments 1 and 2, the participants had to rank on an analogical 100-point
scale the estimated weights.
5.2 Results
Unlike the previous experiments reported here, experiment 4 could not directly evaluate performance on perceptual weight judgments, since the movements were synthetic.
It was thus only possible to analyse the influence of the different kinematic variables
involved in the displayed movements on the participants' responses. As shown in figure 5,
perceptual weight judgment responses were significantly correlated with the duration of
the lift (r  0:691, p 5 0:01, n  60); however, they were not correlated with the duration
of the reach, grasp, or place phases (r  ÿ0:031, r  0:046, and r  0:028, respectively, ns). The responses were significantly inversely correlated with the acceleration
during lift (r  ÿ0:737, p 5 0:01).
90
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Figure 5. Participants' mean responses
in the perceptual weight judgment task
of experiment 4, with artificially modified durations of the following phases:
reach, grasp, lift, and place. The abscissa
represents the durations computed as
a percentage of those of the reference
movement (with average kinematics).
The error bars represent 1 SEM.
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Multiple regression analyses (stepwise regression analysis, with automatic exclusion
of variables by the default procedure of the SPSS software) were performed on the
perceptual weight judgment responses with the duration of the 4 phases and the mean
acceleration during lift as independent variables. This analysis showed that 63.7% of the
variance of the response was explained by the kinematics of the displayed movements:
54% is due to the acceleration during lift with, in addition, a small contribution (9.6%) of
the duration of the lift. An individual analysis of the results could be performed, since
all the participants viewed the same samples. For ten out of the twelve participants, the
duration of acceleration and lift were the main variables explaining together between
72% and 94% of the variance of the responses. Another participant responded only as
a function of lift duration (59% of the variance explained). The last one responded
as a function of acceleration and duration of the reach, lift, and grasp phases (for a
total of 76% of the variance explained).
5.3 Discussion
The results of experiment 4 revealed that the duration of the lift phase influences
perceptual weight judgments, whereas the durations of the reach, grasp, and place
phases have no effect on the participants' performance. This result is consistent with
previous studies (Bingham 1987; Hamilton et al 2007; Runeson and Frykholm 1981)
according to which the kinematic pattern related to the lift is the major source of information used in order to infer objects' weight. This result is, in particular, consistent with
those of Shim and Carlton's (1997) study which showed no significant difference between
a group of participants observing only the lift and a group observing the lift and other
types of movements.
Importantly, the results and, in particular, the multiple regression analyses suggest
that the effect of lift duration could be due to a modification of the acceleration during
lift. This hypothesis has never been examined in previous studies and consequently
experiment 5 was designed to investigate this point.
6 Experiment 5. The relative contribution of lift duration, acceleration, and amplitude
on perceptual weight judgments
Experiment 5 was designed so as to further investigate the relative contributions of
lift duration and lift acceleration on perceptual weight judgments by varying the amplitude of the lifting movement. In addition, the aim of the experiment was to further
analyse the effect of the maximal height of the lift which contributed to weight judgments
in several conditions of experiment 3. Experiment 5 was performed with a set of artificial
movements built in order to vary simultaneously the following three parameters: lift
duration, lift acceleration, and lift amplitude (maximal height).
6.1 Methods
6.1.1 Construction of the set of modified movements. The artificial movements were
constructed by the same methods as in experiment 4, with the same natural movement
used as reference. The modifications combined simultaneous variations of the duration
and amplitude of the lift (which could take 90, 100, 110, and 120% of the reference
value for lift duration and 96, 100, 104, and 108% of the reference value for lift amplitude). We obtained a sample of 16 artificial movements with regular trajectories and
smooth velocity profiles (see figure 6a). The quantitative verifications confirmed that
all the durations fell within 1% of the objective and the amplitudes fell within 0:2%
of the objective. As expected, the acceleration scaled regularly both as a function of
lift duration and lift amplitude (see figure 6b). In the whole sample, the resulting acceleration varied between 66% (for the 120% duration and 96% amplitude) and 140%
(for the 90% duration and 108% amplitude) of the reference value.
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Figure 6. (a) Modified vertical trajectories of the hand used for experiment 5. The trajectories
were simultaneously modified both in duration of the lift (90, 100, 110, and 120% of the
reference duration) and in maximal height (90, 100, 110, and 120% of the reference height).
The trajectories of the object were also modified and follow those of the hand. (b) Graphic of
the values of lift acceleration obtained for the 16 artificial movements shown in (a) as a function
of lift duration and height.

6.1.2 Participants, materials, and procedure. Twelve participants (four females and eight
males, mean age of 33.2 years) participated in this experiment which took approximately
40 min to complete. The materials and procedure were the same as those reported
for experiment 4. Each session included 12 repetitions for each of the 16 movements
with the participants completing 196 trials in total. Prior to the experimental session,
the participants were given 32 practice trials, so that they could see the variety of
movements twice and adjust their own relative scale.
6.2 Results
As for experiment 4, we only analysed participants' responses as a function of the
kinematic variables of the artificial movements. Multiple regression analyses (stepwise
regression analysis, with automatic exclusion of variables by the default procedure of
the SPSS software) were performed on the perceptual weight judgments with the duration, acceleration, and amplitude of the lift as independent variables. This analysis
revealed that 43.2% of the variance of the response was explained by the kinematics of
the displayed movements: 34.8% was due to the acceleration during lift with a smaller
contribution (8.4%) due to the amplitude of the lift. The lift duration was not involved
in this analysis.
The individual analysis of the results showed large individual differences. Nine out
of the twelve participants relied mainly on lift acceleration (between 40% and 94% of
the variance explained) along with, in four of them, the amplitude of the lift, to explain
a total of 78% ^ 97% of the variance. Two participants relied mainly on the amplitude
(explaining respectively 89% and 85% of the variance) with an added contribution of
duration or acceleration to reach respectively 94% and 88% of the variance explained.
The last participant showed intermediate results.
6.3 Discussion
The results of experiment 5 confirmed the results of experiment 4 that perceptual
weight judgments are not directly linked to a variation of lift duration, but rather they
rely on variations of acceleration. In both experiments 4 and 5, the variable was the
mean acceleration during lift, but this does not exclude the possibility that observers
could be sensitive to the initial acceleration. The importance of the acceleration suggests
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a faster perception of the weight grasped by another person than in the case of an
observer sensitive to the duration of lift (which would imply delays greater than 200 ms;
see figure 6b). This is probably important for joint actions. Meulenbroek et al (2007)
showed that people lifting an object of varying weight placed on a table by another
person are less surprised by the weight than the person that placed the object. The
timing of perceptual weight judgments could be particularly important when one has
to prepare oneself to receive a load directly transmitted by another person, which
occurs frequently in daily life. In addition, it has been shown that, in an interception
task, purely visual information on object movement is biased by the anticipation of
the effects of gravity according to the context (see Senot et al 2005; Zago et al 2008).
7 General discussion
In the study reported here we investigated, in the context of perceptual weight judgments,
those parameters that are relevant for action observation and whether or not they match
the ones that are relevant for action execution. In experiment 1, the participants were
shown recordings of weights being lifted under two conditions of visualisation (working
point and stick diagram); in experiment 2, we analysed the movements of twelve participants lifting different weights; in experiment 3, the participants were shown both their
movements and another participant's movements, each of them with the two conditions
of visualisation. Finally, in experiments 4 and 5, we presented artificially modified
lifting movements in order to further investigate those parameters that are used during
action observation.
The first main question investigated in these experiments relates to the amount
and the type of information that observers use in order to recognise the weight of a
lifted object. The results obtained from experiments 1 and 3 revealed that participants
do not show better overall performance when viewing additional configural information consisting of the movements of the trunk, shoulder, arm, forearm, and hand
joined by a stick diagram than when viewing the working-point displacement only.
However, as will be detailed below, the type of information that observers used differed
as a function of the conditions. Given that in the two conditions of visualisation the
participants' responses increased consistently with increasing weight, this result might
be taken to suggest that the kinematics of the working point is sufficient to infer the
kinetic property of weight. This result is consistent with previous studies (eg Runeson
and Frykholm 1981; Shim et al 2004) which revealed that observers can estimate accurately the weight of a lifted box directly from observing the lifting motion. In addition,
our results demonstrate that a minimal display of the working point provides sufficient
information about object weight. The observers were only sensitive to the kinematics
of lifting and not to the other phases (reach, grasp, and place). Further analyses
revealed that the specific variable used is the acceleration and not the duration of the
lifting movement. This was verified in most of the experimental conditions (three
conditions of experiments 3, 4, and 5) and in most of the participants (experiments 4
and 5). Our results thus demonstrate that observers are specifically sensitive to the
upward acceleration of the object during lift and not to the duration of the lift. As
discussed above, the use of acceleration instead of duration to predict the weight of
objects manipulated by another person might be particularly relevant in the context
of joint actions (eg Meulenbroek et al 2007).
The second main question investigated in this study relates to the effect of ownership, which can be divided into two subquestions: did the participants manage to
recognise their own movements? And did they have better performance when viewing
their own movements? With respect to the recognition of one's own movements,
contradictory results appear in the literature. For instance, two studies investigated
self-recognition using Johansson's (1973) point-light technique. One of the studies did
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not find evidence of successful self-recognition (Cutting and Kozlowski 1977) whereas
the other found a small advantage for recognising one's own gait (Beardsworth and
Buckner 1981). With respect to the latter study, it has been hypothesised that selfrecognition can be explained by the assumption that, when watching the point-light
display, observers can derive anatomical structure from the multiple moving objects
(Knoblich and Flach 2003). Other studies have found evidence of successful selfrecognition. For instance, the participants in a study by Knoblich and Prinz (2001)
were requested to identify handwriting from the kinematics alone, and they were able
to distinguish self-produced trajectories from those produced by others, even one week
after their production. Repp (1987) found that the participants in his study were able
to recognise their own clapping. Interestingly, the participants in Prasad and Shiffrar's
(2009) study were not able to identify their own actions from egocentric views (represented by point-light displays) but they were able to do so from allocentric views
(both from front and rear views). Given that people have experience of seeing their
own actions from first-person views and have little experience seeing themselves from
behind or from third-person views, the authors concluded that their findings suggest
that visual learning cannot account for enhanced visual sensitivity to self-generated
action. With respect to the relative performance levels when viewing one's own movements versus others' movements many studies reported better results in the former case.
For instance, people are more accurate when viewing their own movements for predicting
the future course of handwriting trajectories (Knoblich et al 2002) and for predicting the
landing position of a dart (Knoblich and Flach 2001).
In the study reported here, the participants were not able to recognise which
session corresponded to their own movements above chance level. In addition, when
considering the participants' raw results, there was no difference in weight-judgment
performance when the participants viewed their own movements and when they viewed
someone else's movements. However, interesting differences emerged when considering
the kinematic parameters on which the participants relied in order to perform the task.
Two main hypotheses can be put forward in order to explain the lack of differences
found in the performance of experiment 3 between self and other conditions. First, it
has been suggested that observers can mix up their own actions with similar actions
produced by others, especially when those actions are depicted from non-egocentric
perspectives (eg Fourneret and Jeannerod 1998; see also Loula et al 2005) and, indeed,
in our experiments the graphical animations were shown from a side view and not from
an egocentric axial perspective.
Alternatively, the differences seen as a function of the conditions might be taken
to suggest limitations in the attentional processes required to perform the task. The
participants might have implicitly extracted different types of information as a function
of the different conditions while being unable to use all the parameters shown in the
display, which would have improved their performance. Consistent with this hypothesis,
the participants used several kinematic cues which differed from one condition to
another. The kinematic cues used involved the mean acceleration, maximal height,
duration of grasp, and even included cues that are irrelevant for perceptual weight
judgments (such as reach duration). It should be stressed again here that such differences indicate that the participants are able to process various kinematic parameters
and therefore the lack of differences in overall performance cannot be attributable
to the setup that was used. In addition, in the conditions with the stick-diagram
display, participants' global performance was not improved as compared to the conditions with the working-point display (as suggested by the lesser amount of variance
explained by the kinematic variables). Rather, performance seemed to rely on parameters that were not quantified here and that were probably linked to the posture of
the person represented in the stick diagram. The hypothesis of the role of posture on
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the stick-diagram display would be consistent with the fact that people's posture seen
on photographs can be used to perform perceptual weight judgments (Valenti and
Costall 1997).
The third main question investigated in this study concerned the differences in
the parameters relevant for action execution and for action observation. The multiple
regression analyses conducted on the results of experiment 2 revealed that during
action execution five kinematic parameters varied consistently with weight: the mean
acceleration, the maximal height, the durations of grasp, acceleration, and deceleration.
These parameters thus could provide the observers with information on weight. During
action observation, although the parameters used to perform the perceptual weight
judgment task differed as a function of the four experimental conditions, they did not
match those of action execution and never included all of them. As discussed above,
the observers were selectively sensitive to acceleration which explained the largest part
of the variance of the responses (except in the stick-diagramöother condition of experiment 3). By contrast, the acceleration explained a relatively small part of the variance
of the information related to weight during action execution. The other important
variable for action recognition is the maximal height during lift (particularly in the
stick-diagramöother condition of experiment 3). This was confirmed in experiment 5
in which two participants out of twelve chose to rely mainly on maximal height. By
contrast, maximal height was poorly related to weight, since only the lightest weight
was lifted higher than the others (experiment 2). Experimentally, an overshoot of the
lifted object is observed when the weight is suddenly lighter than anticipated after a
blocked series of lifts with a constant weight (Johansson and Westling 1988). It might
be the case that the observers in our study behaved as if the experiments were
performed according to this protocol whereas, in contrast, the height of the lift is rather
stable in random or ordinary conditions.
In summary, three main theories tried to give an account of observers' sensitivity
to human movements. The visual hypothesis proposes that movement recognition can
be performed through a purely visual analysis. The strong motor-simulation hypothesis suggests a simulation of the observed actions by the motor system leading to a
resonance between the actor and the observer thanks to brain regions with mirror
properties (Gallese et al 2004; Rizzolatti et al 2001). The weaker version of the motorsimulation hypothesis suggests a motor representation of the goals of the observed
action without involving the encoding of all the kinematic details of the action. This
latter proposal is supported by the observation that mirror neurons code the goal of
the action but not the kinematic details of movements (Fogassi et al 2005). The present
study reveals that the cues used for action observation are (i) sensitive to the type
of display despite similar overall performance, and (ii) qualitatively and quantitatively
different from the variables that actually vary with weight during action execution.
These differences provide arguments against the strong version of the motor-simulation
hypothesis. We suggest, instead, that observers choose visual cues with high diagnostic
value (such as acceleration) or rely on de-contextualised assumptions, but do not use
an exact copy of action execution. In addition, a purely visual analysis could not
explain that different cues were used when the participants observed their own movements and someone else's movements. Taken together, our results are thus consistent
with the weaker version of the motor-simulation hypothesis. It should be mentioned
that results on perceptual weight judgments (an elementary cognitive act) cannot be
directly used to understand more complex actions and intentions. However, our findings suggest that even at that elementary level, action recognition cannot be fully
explained by simulation. As such, they add to the body of evidence discussed in depth
by Jacob (2009) arguing that `mind-reading' cannot be simply explained by resonance
or `tuning fork' mechanisms.
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