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ABSTRACT

The purpose of this study was to assess the effect of short-term priming in perceptual
anticipation tasks involving point-light biological motions. After the production or the
observation of a relevant or an irrelevant movement (action vs. observation priming),
eleven right-handed volunteers were asked to anticipate, as quickly and accurately as
possible, the end-point of a pointing movement after the stimulus vanished upon
completion of 60 % of the total movement. Our results indicate that perceptual accuracy
is significantly affected only with relevant observation priming. This suggests that
perceptual anticipation tasks’ involving point-light biological motions implies specific

perceptual competencies.
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INTRODUCTION

Decades of research have demonstrated the remarkable capacity of humans to detect and

recognize biological motions. Reduced depiction, based only on dots of lights placed on

the limbs of an actor (i.e., a point-light display paradigm), is sufficient to identify the

produced action (Johansson, 1973) and to resolve both the gender (Kozlowski &

Cutting, 1977) and identity of a person (Beardsworth & Buckner, 1981; Loula, Prasad,

Harber, & Shiffrar, 2005). One of the most remarkable abilities is that humans are able

to anticipate subsequent components of a human motion sequence. For instance, in a

two-forced choice handwriting task, Kandel, Orliaguet and Boé (2000) show that adults

are able to predict the second letter of a digram (“1” or “n”) after observing the first

letter (“1”). This capacity for perceptual anticipation also manifests itself when

observers are asked to point with a mouse the final position of a simple arm movement

in which the last segment of the trajectory is hidden (Martel, Bidet-lldei, & Coello,

2011; Pozzo, Papaxanthis, Petit, Schweighofer, & Stucchi, 2006). In this case,

participants are able to estimate the terminal location of the reaching movement after

the stimulus vanished, even though only 60 % of the total movement duration was

observed (Martel et al., 2011).
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The most common theoretical explanation for this visual anticipation capacity is based

on the motor theory of perception, which suggests that an individual’s motor

competencies are connected to their perceptions of movements of other humans

(Hommel, Musseler, Aschersleben, & Prinz, 2001; Jeannerod, 2001; Prinz, 1997,

Rizzolatti & Craighero, 2004; Schiutz-Bosbach & Prinz, 2007). This point of view is

illustrated in various neurophysiological, behavioral and neuropsychological works that

demonstrate that the motor system is significantly involved in the anticipation of

perceptual events. In this context, brain-imaging studies have shown that the

anticipation of sequential patterns activates specific brain areas involved in the

production of motor sequences. For instance, Chaminade, Meary, Orliaguet and Decety

(2001) show that the left premotor cortex and the right intraparietal sulcus are activated

during anticipation of pointing movements while the left frontal operculum and the

superior parietal lobule are activated during the anticipation of writing movements.

Moreover, increased premotor activation is revealed when observers have to anticipate

the final state of an occluded human action (Stadler et al., 2011). Additionally, Graf et al.

(2007) show that the capacity to judge whether a static image corresponding to a well

continuation of a motor sequence previously observed improves when the timing of the

visual presentation of the static image matches the timing of the execution of the motor
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sequence. This suggests that predictive competencies are based on real-time, covert

motor activation. Recently, Springer et al. (2011) have shown that the efficiency of this

real-time process increases when the perceptual anticipation task is associated with the

simultaneous execution of an action. Finally, recent experiments show that anticipation

of a human’s movement goal improves when predictions are made on biological

point-light motions (Elsner, Falck-Ytter, & Gredeback, 2012; Martel et al., 2011). This

suggests that anticipation competencies could be based on kinematics information

which is known to be a marker of human action production (e.g., Viviani & Stucchi,

1989).

Although several experiments demonstrate the intervention of the motor system during

visual anticipation of human movements, the specific mechanism implied in this

intervention stays an open issue. Two possibilities can be envisaged. First, in agreement

with a recent study of Jantzen et al. (2012), we could consider that the intervention of

motor system in visual anticipation task implying human movements is based on

sensorimotor integration. In this case, sensory feedback of compatible actions would be

integrated to improve the anticipation processing. Alternatively, the intervention of

motor system could be based on the activation of specific motor representation. This

hypothesis is consistent with the idea proposed by Pozzo et al. (2006) that perceptual
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anticipation is sustained by an “internal representation of potential action related to the

stimulus”. To distinguish these two hypotheses, the present study aimed to directly

compare the facilitation of perceptual anticipation after visual and action priming. It is

known that production and observation of biological movements are connected in a lot

of characteristics in particular concerning the activation of a specific motor

representation. For instance, several studies have documented equivalent levels of

cerebral activation when humans produce or observe a human action (Decety et al.,

1997; Filimon, Nelson, Hagler, & Sereno, 2007; Rizzolatti et al., 1996). However, some

researchers argue that the equivalence between production and observation is not

systematic (Bidet-1ldei, Chauvin, & Coello, 2010; Bidet-lldei, Meary, & Orliaguet,

2008; Bidet-Ildei & Orliaguet, 2008; Bidet-Ildei, Orliaguet, & Coello, 2011; Pavlova,

Staudt, Sokolov, Birbaumer, & Krageloh-Mann, 2003). For example, the detection of

point-light walking movements embedded in a mask is independent of the walking

capacity of adolescents with periventricular lesions (Pavlova et al., 2003). In the same

manner, Bidet-lldei and Orliaguet (2008) have shown in children that specific kinematic

parameters as movement speed are independent of motor-perceptual coupling (see

Meary, Kitromilides, Mazens, Graff, & Gentaz, 2007 for similar evidence in human

newborns). Overall, these findings show that action representation is not strictly related
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with motor competencies and suggest that action representation could be more pregnant

during the observation than the execution of actions. In this theoretical context we asked

participants, after a brief period of visual or action priming, to anticipate the final

position of a point-light pointing movement that vanished before the final position was

reached. If perceptual anticipation capacity is based on sensorimotor integration we

should observe better performance after action relevant priming. On the contrary, if

perceptual anticipation capacity is based more on action representation, we should

observe a higher influence of visual relevant priming than equivalent action priming.

METHOD

Participants

Eleven right-handed healthy adults (6 male and 5 female) aged between 18 and 27 years

(mean age= 24.3 years, standard deviation= 2.6 years) participated in this experiment.

These participants were recruited as volunteers from the University of Tokyo. All

participants provided written informed consent for the protocol, which was in

accordance with the Declaration of Helsinki and approved by the Ethics Committee of

the University of Tokyo. None of the participants reported any sensory or motor deficits,

and none had previous experience with this stimulus condition. All participants had
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normal or corrected-to-normal vision.

Apparatus and stimuli

Each participant sat in an unlit room in front of a 17 CRT computer screen (EIZO

FlexScan F520, spatial resolution: 1024 * 768 pixels, sampling rate: 60 Hz) at a viewing

distance of 69 cm. The visual angle subtended by the screen to eye-level was 17.4 °

vertical (V) * 25.9 ° horizontal (H). Body movements were limited by establishing

contact between the participant’s chest and a table placed between the participant and

the screen (see figure 1B).

The stimuli were created in the same manner as in our previous work (Martel et al.,

2011). They consisted of animations showing a point-light display sequence depicting a

pointing movement of either 20 or 30 cm of distance. This target movement was

represented by 4 dots placed on the shoulder, elbow, wrist and forefinger of an actor. In

a pre-experimental session, an actor (who did not participate as a subject in the present

experiment) produced a number of pointing motions in a horizontal plane with the right

hand. His performance was filmed from above using the 3D ultrasound Zebris system

(Zebris, http://www.zebris.de/) by using markers placed on his articulation points

(shoulder, elbow, wrist and forefinger). This system allows for the recording of spatial

and temporal parameters of movement (spatial resolution, 0.2 mm; temporal resolution,
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200 Hz). The actor was instructed to produce as fast and accurately as possible ten
pointing movements toward a circular target (¢ = 1 cm) placed at a distance of 20 or 30
cm in front of him. For each distance, a point-light reaching movement was generated
with Matlab software by using the mean coordinates recorded by the Zebris system.

The point-light stimuli consisted of white dots (97 cd/m? @: 0.65 ° visual angle) on a
dark background (0.14 cd/m?). According to our previous work on anticipation (Martel
et al., 2011), the animation included 60 % of the total duration of the pointing
movement because that is the minimum duration required to observe significant
anticipative competencies (Kandel et al., 2000). Therefore, for the 20 and 30 cm
distances, we included 23 and 36 frames (25 ms/frame), resulting in total durations of
575 ms and 900 ms, respectively. Each sequence was transformed into an avi movie
with a resolution of 512 * 640 pixels and a frame rate of 40 frames/s. The target stimuli
were presented at the center of the screen in a window constituting 60 % of the screen
(10.5 ° (V) * 15.6 ° (H) visual angle), with sustained visual angles of 3.3 ° (V) * 3.3 °
(H) and 4.9 ° (V) * 3.3 ° (H) for the 20 and 30 cm distances, respectively. Therefore, the
distance on the screen is divided by three with respect to the true distance (4 cm and 6
cm for 20 cm and 30 cm respectively). The visual presentation was in the center of the

screen in vertical plane and the direction of motions was from the bottom to the top of
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the screen (see videos ).

Each experimental trial was preceded by a prime. Three types of priming were proposed.
The observation priming consisted of the visual presentation of 1) an actual pointing
movement or 2) an actual applauding movement, which were presented as color movies.
The movements were previously recorded with a video camera (spatial resolution: 760 *
576 pixels, sampling rate: 30 frames/s) place above the device (see videos ') and
showed an actor either making a pointing (relevant observation priming condition), or
making an applauding movement (2 times) (irrelevant observation priming condition).
For the relevant observation priming condition, the actor had to produce as fast and
accurately as possible several pointing movements directed to a target placed in front of
him in a horizontal plane. To avoid perceptual similarities between the relevant
observation priming and the stimuli, the actor who produced the observation priming
movements was a woman (whereas stimuli have been created from the production of a
man), the distance of pointing was 40 cm (instead 20 or 30 cm used in the experimental
task) and the pointing was directed toward a light toy (instead of a circular target). The
light toy was a figurine representing “Pikachu”, a manga character well-known in Japan.

However, visual relevant priming movements as point-light stimuli were presented

' Videos of stimuli and observation priming are visible on

https://bv.univ-poitiers.fr/access/content/user/cildei/stimuli%20tokyo/
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vertically on the screen with a displacement from the bottom to the top of the screen.

Movement duration was 1.5 s for both pointing and applauding movements.

In contrast, the action priming consisted of each participant making either a pointing

movement (relevant action priming condition) or an applauding movement (irrelevant

action priming condition) under the same conditions as those used in the observation

priming. For pointing movement, the participants had to reach with his/her right hand

the figurine placed in front of him/her as fast and accurately as possible. During the

entire movement, the forefinger was in contact with the table. The starting position was

marked on the table. For applauding movement, participants had to applaud 2 times. For

both applauding and pointing movements, participants had 2.5 s to execute the motions

and come back in the starting position. This time duration was previously tested on 20

participants and it was sufficient to make the task. During the training’s phase, the

experimenter checked that this time was convenient for each participant. The

experimental box was unlit during the experiment; therefore, visual feedback was not

available. An additional control condition consisted of the participant observing a

fixation cross for 2.5 s (neutral priming condition).
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Experimental procedure

The presentation of stimuli and the registration of manual responses were

controlled by E-prime software (version 2.0, http://www.pstnet.com/). Before beginning

the experiment, participants were allowed to become familiarized with the point-light

display. For this familiarization, participants showed 4-5 point-light movements

representing human actions and had to recognize the action perceived. Next, the

experimenter explained the task procedure, and participants were given time to practice

producing the applauding and pointing priming movements that were required during

the experimental phase. After practicing, participants were required to perform nine

training trials with the same instructions and the same priming as those used in the

experimental phase but with different point-light pointing stimuli. To make the

experimental task clear to the participants, comments about these examples and about

the experimental tasks were provided by the experimenter during the training phase. If

anything was unclear, the participant was allowed repeat the training phase.

The participant’s task was to identify, as quickly and accurately as possible, the

end-point of the point-light pointing movement after it vanished upon completing 60 %

of the total movement duration. Participants indicated the location corresponding to the

judged end-point of the movement by moving a mouse cursor and clicking the left
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button of the mouse. The mouse was positioned on the table near the participants so that

the participants could easily give their responses by moving the mouse and clicking one

of the buttons. The starting position of the mouse was given by contact with a block

placed near the participants. To make the experimental task less monotonous and

increase the variability of the required response, two different point-light stimuli (20

and 30 cm) were used.

Each trial started with a visual, action or neutral priming for 2.5 s. To clarify the

task before priming, instructions appeared for 1 s before each test (i.e., “please look at

the pointing movement”, “please look at the applauding movement”, “please look at the

fixation cross”, “please point at Pikachu” and “please applaud”). Each instruction

appeared in Japanese and was clarified during the training phase. The instructions

appeared in different colors (white, blue and yellow) to distinguish between neutral,

visual and action priming (see figure 1A). The color selected for each priming condition

varied between participants. As soon as the priming phase was finished, participants had

to place their hand on the mouse and then a fixation cross appeared for 500 ms followed

by the presentation of the point-light stimulus. Participants performed 200 trials (20

trials * 5 primings * 2 distances) in a random order, resulting in a total duration of

approximately 30 min for the entire experimental session.
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Figure 1: A) Example of the procedure used in the experiment for the “lrrelevant
observation priming condition”. The stimulus was a point-light arm-pointing movement
in a view from above with four points represented (shoulder, elbow, wrist and
forefinger). The arrow represents the time course of one trial. B) Experimental setting.
The point-light display stimuli are presented in a window occupying 60 % of the screen.
The starting position of the mouse was given by contact with the block. “Departure”
indicates the starting position of the participants in all priming conditions. After the

priming, participants had to place their hand on the mouse to give their response.
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Data analysis

Response accuracy and response variability were assessed for each participant.

Response accuracy corresponded to the absolute constant errors (i.e., the difference in

cm between the participant’s end-point mouse position and the position of the end of the

movement registered by Zébris) and response variability to the standard deviation (SD)

of the 20 replications. For both response accuracy and response variability, a three-way

analysis of variance (ANOVA) was performed according to the priming condition

(action, observation), the congruency (relevant vs irrelevant movements) and the

stimulus condition (20 cm or 30 cm). Local comparisons were performed using post-hoc

Newman-keuls’ comparisons. Effect sizes were computed using eta-square estimates.

Performances after observation and action priming conditions were compared with

performance after neutral priming by using Student t-test. Bonferroni corrections were

applied for multiple comparisons.

RESULTS

With respect to response accuracy, we observed two interesting interactions. First, we

had an interaction between the congruency and the stimulus condition (F(1,10)=7.14;

p<0.05; 1>=0.41). In both 20 cm and 30 cm stimuli conditions, relevant priming
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conditions affected more the performance in anticipation than irrelevant priming

conditions but relevant conditions interfered with the performance in the 20 cm stimulus

condition while they facilitated the performance in the 30 cm stimulus condition.

The other most important interaction appeared in Figure 2 between the priming

condition, the congruency and the stimulus condition (F(1,10)=13.57; p<0.01; n?>=0.58).

To clarify the last interaction we made separate 2 (type of priming: visual vs action) *2

(congruency: relevant vs irrelevant movements) ANOVA for each stimulus condition.

For the 20 cm stimuli, we observed in figure 2A better performance after the action

(mean=1.20 cm, SD=0.52 cm) than the observation (mean=1.33 cm, SD=0.55 cm)

priming conditions (F(1,10) = 54.43; p<0.01; n?>= 0.84) and better performance for the

irrelevant (mean=1.17 cm, SD=0.57 cm) than the relevant (mean=1.36 cm, SD=0.50

cm) priming conditions (F(1,10)=8.13; p<0.05; n?>= 0.44). Further inspection of Figure

2A revealed also a significant interaction with a higher decrease of performance in the

relevant observation priming condition than the relevant action priming condition

(p<0.01). Finally, only the relevant observation priming condition (mean=1.46 cm;

SD=0.52 cm) caused poorer anticipation performance than the neutral priming condition

(mean=1.16 cm; SD=0.54 cm, t;o= 3.92; p<0.05).

For the 30 cm stimuli, Figure 2B showed better anticipation performance after relevant
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(mean=1.48 cm, SD=0.35 c¢m) than irrelevant (mean=1.67 cm, SD=0.50 cm) priming

conditions (F(1,10)=4.75; p=0.05; n*= 0.32). Moreover, a significant interaction

appeared in figure 2B with a higher increase of performance in the relevant observation

priming condition than the relevant action priming condition (p<0.05). Finally, further

analysis revealed that only the relevant observation priming condition improved

significantly the performance of participants (mean=1.41; SD=0.34) in comparison with

the performance observed after the neutral priming condition (mean= 1.67; SD=0.44,

t10= 3.20; p<0.05).

A Stimulus condition: 20 cm B Stimulus condition: 30 cm
25 25
— — |
= £ !
L 20 — 2 20 —
—_ n_‘_| [
5 5 —— T T
o [
= 154 = 1,5 1
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@ 05 4 @ 0,5
=] L
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Figure 2: Mean and standard error of the absolute constant errors according to the

priming condition and the congruency for the 20 cm stimulus condition (A) and the 30

cm stimulus condition (B). Brackets indicate significant differences at the p<0.05 level.
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With respect to the response variability, we observed no main effect of the priming

condition (F(1,10)<1), the congruency (F(1,10)<1) or the stimulus condition

(F(1,10)=2.14; p=0.16) and no interaction between these factors (all p>0.20). In all

conditions, we had a mean response variability of 0.47 cm (SD= 0.12 cm) which was

not significantly different of the variability observed after the neutral priming condition

(mean=0.43 cm; SD=0.15 cm, t;0=1.75; p=0.11).

DISCUSSION

This study compared the effect of action and observation priming on the anticipation

capacity after observation of incomplete point-light pointing movements. The main

finding is that relevant observation priming is more efficient than equivalent relevant

action priming in anticipating the final state of a biological stimulus. In the specific

context of the motor theory of biological motion perception, the superiority of the visual

relevant priming over the other conditions is an intriguing finding and suggests that not

only motor competencies but also specific perceptual competencies can be used to

resolve perceptual anticipation tasks. This finding agrees with some experiments that

show that humans can have better perceptive competencies regarding biological

movements than motor competencies (e.g., Pavlova et al., 2003). Moreover, it argues in
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the favor of the hypothesis of the use of internal action representation in anticipation

task (Pozzo et al., 2006). It is also in accordance with a recent work which showed that

inferring another’s goal implies more reasoning regarding action and context than pure

motor simulation (Liepelt, Von Cramon, & Brass, 2008). One interesting similarity

between observation priming and the actual stimulus is that both involved another

person making a pointing movement. Some experiments have shown that perspective

(self vs. other) can influence the activation of motor systems (Fourkas, Avenanti,

Urgesi, & Aglioti, 2006). Moreover, it is well known that the analysis of our own

motions is processed differently than the analysis of the motions generated by others

(e.g., Loula et al., 2005) and that this difference is manifested in behavior and in brain

activity (Chaminade & Decety, 2002; Farrer & Frith, 2002; Shmuelof & Zohary, 2006).

Consequently, we can hypothesize that action priming that involves our own motor

competencies is processed differently by the brain than equivalent observation priming

that involves motions generated by others. In that case, judgment of the observation

priming and the visual stimuli might involve a similar mechanism, which could account

for the superior efficiency of observation priming. This common mechanism could be

supported on a neurophysiological level by the activation of the superior temporal

sulcus (STS) when participants observe actual (during the priming) or point-light
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(during the task) biological motions. Indeed, it is well known that the observation of

biological movements (but not their production) specifically activates the STS (see

Pavlova, 2012 for a review). Consequently, we propose that the initial activation of the

STS in observation priming could affect the subsequent anticipative visual

competencies. However, further investigations are necessary to examine this

neurophysiological hypothesis, which will be conducted in a future study.

One alternative explanation for our results could be that observation priming had a

higher spatio-temporal proximity with respect to the point-light display stimulus than

the pointing movement performed by the participant. Indeed, observed prime and

stimulus were presented in vertical plane whereas action priming had been executed in

horizontal plane. However, it is important to note that observation priming had been

built from a production in the horizontal plane. Accordingly, when we asked to

participants whether the observation priming showed someone who produced a pointing

movement in horizontal or vertical plane, 10 out of 11 people answered that the

movement had been executed in a horizontal plane. Consequently, it is few unlikely that

the vertical presentation of observation priming can explain the difference obtained

between action and observation priming conditions. One other possibility is that

kinematics used in the observation priming condition was nearer kinematics of the
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stimuli than kinematics associated with action priming condition. Without kinematics

analysis of primes, we cannot completely reject this assumption. However, the person

used for the observation priming and the person used for the creation of the point-light

stimulus were different, and individual analysis indicates that the difference between

observation and action relevant priming is present in more than 80 % of the participants

(100% for the 20 cm stimuli and 73% for the 30 cm stimuli). In a random sampling, it is

unlikely that more than 80% of participants would produce a greater difference between

their own action and the point-light stimulus than the difference between the observed

prime and the point-light stimulus. Moreover, both the distance and the target, which are

two major components known to influence the spatio-temporal properties of a pointing

movement (Fitts, 1954), were different in the observation priming and the stimulus

displays. Finally, previous experiments implying biological human movements have

shown that there are differences between males and females in their production of

movements and that observers are sensitive to these sex differences when they judge

human movements (Alaerts, Nackaerts, Meyns, Swinnen, & Wenderoth, 2011,

Bidet-lldei et al.,, 2010; Kozlowski & Cutting, 1977). In the present study, the

observation priming involved movements produced by a woman, whereas the stimuli

involved movements produced by a man, which suggests that our findings are not due to
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similarities between the observation priming and the stimulus.

One other important finding is that the priming effect demonstrated in the present
experiment is specific; we show an effect only with relevant priming conditions on the
anticipation accuracy regarding biological stimuli. This specific effect is consistent with
the idea of Wohlschlager (2000) which suggests that “priming only occurred if the
goal of the action and the motion display shared a common cognitive dimension”.

Most importantly, we obtain an interaction between the effect of relevant priming
condition and the stimulus implicated in the anticipation task. While relevant
movements facilitate the performance in anticipation for the 30 cm stimuli, they
interfere with the performance in anticipation for the 20 cm stimuli. Given that this
difference is significant in both cases at least for observation priming condition, it
excludes a pure context effect where observation priming of 40 cm would have been
more efficient for the 30 cm stimuli than for the 20 cm stimuli. It is more likely that this
interaction results of a difficulty to disengage attentionnal resources in 20 cm stimuli.
Actually, there is 300 ms of difference between the 20 cm (500 ms) and 30 cm (900 ms)
stimuli and therefore it may be possible that treatment of visual congruent priming is
not finished when participants had to give their answer about the 20 cm stimuli. In

contrast, with the 30 cm stimuli, participants would have the time to finish the treatment
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of priming condition before to give their answer. This explanation should be assessed in

future experiments but it is coherent with the idea that both observation priming and

anticipation task involve a similar treatment of action’s goal.
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