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Point-light display and Motor Learning

Abstract

Within the theoretical framework of embodied cognition, several experiments have shown the
existence of links between action observation and motor learning. Our aim was to assess the
effectiveness of an observational learning protocol (action observation training: AOT) of point-light-
display (PLD) in judoka. Twenty participants were given 7 days to learn Go-No-Sen. During this
time period, all of the participants received conventional kata training consisting of Uchi-komi and
Nage-komi (repetition of techniques) on tatami. In addition to this conventional learning, the
experimental group watched 5 minutes of PLD video representing the different kata techniques,
whereas the control group watched neutral videos during the same time period. After the learning
period, both the qualitative and biomechanical performances on the kata and the transfer abilities
were assessed. The results showed better biomechanical performance and transfer ability in the
experimental group than in the control group. Therefore, this first experiment suggests that
observational learning of PLD may be beneficial for the acquisition of judo techniques. Future

experiments will be needed to specify the mechanisms that are involved in this effect.

Keywords: markerless; complex skill; transfer; biomechanics; sport.

Bullet points
The observation of Point-light actions can improve the acquisition of judo techniques
The observation of Point-light actions has benefit on transfer abilities

The observation of Point-light actions has benefit on biomechanical performances
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Point-light display and Motor Learning

1 Introduction

More than 45 years ago, Johansson, (1973) invented the point-light-display (PLD) paradigm.
This paradigm consisted of filming people performing different actions (walking, running, etc.) in the
dark with LEDs placed on their joints, with the final video showing a set of moving points of lights.
Interestingly, although the display was rudimentary, these PLD videos implied a very fast recognition
of actions (Johansson, 1975), as well as the identification of the actors’ characteristics, such as
identity (Beardsworth & Buckner, 1981; Loula et al., 2005), gender (Kozlowski & Cutting, 1977),
emotional state (Atkinson et al., 2004; Chouchourelou et al., 2006; Clarke et al., 2005) and intentions
(Martel et al., 2011). Most importantly, the recognition of PLD activates a specific neural network
that includes motor areas (e.g., Saygin et al., 2004) and belongs to the mirror neuron system (see for
a review lacoboni & Dapretto, 2006; Jeannerod, 2001), thus suggesting the existence of a functional
equivalence between the observation and the production of actions (for a review, see Greze &

Decety, 2001).

Following this view, several studies have shown that sensory-motor skills can be enhanced by
action observation training. For example, (Blandin et al., 1999) have shown that the observation of a
model produces significant improvements in both the reproduction of the learned movement pattern
in a retention task and in the transfer. In their study, they aimed to determine whether action
observation (AQO) allowed for the acquisition of a relative time pattern accounting for generalized
motor programme (GMP) learning. The skill that was studied was a four-target pointing task, and the
measurements were made on retention and transfer tests over a new relative time period. The results
showed that the observation of an expert model (combined with physical practice) allows for the real

learning of the total time of movement and that this learning of relative time is transferable to a new
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Point-light display and Motor Learning

parameter, thus suggesting that action observation training is efficient in the learning of new motor
sequences. Interestingly, interest in action observation training has also been demonstrated in sports
such as volleyball (Weeks & Anderson, 2000), football (Horn et al., 2002), bowling (Breslin et al.,
2009), golf (D’Innocenzo et al., 2017) and rugby (Faelli et al., 2019). For example, in rugby, the
authors compared two training protocols with two groups of elite rugby players. The first group only
performed physical practice, and the second group performed action observation on the action to be
learned, along with physical practice. The results showed that both groups improved, but the action

observation group improved significantly more, with better accuracy and ball speed.

Therefore, several studies have shown that sensory-motor skills can be enhanced by action
observation training. However, most of the training materials have been made with classical videos
and not with the use of PLD (but see Horn et al., 2002), which renders the transformation of observed
sequences more difficult (Decatoire et al., 2019). Moreover, until now, the effectiveness of action
observation training has not been demonstrated in complex disciplines evolving in three-dimensional
space with direct body interactions. Actually, the efficacy of PLD observation has been already
demonstrated for individual movements such as cricket bowling (Breslin et al., 2009) or football
(Horn et al., 2002). However, we think that it is important to show that this efficacy can also be
observable in interactions. If some studies have shown that humans can recognize interaction in PLD
(Okruszek & Chrustowicz, 2020), we could imagine that the presence of multiple dots could affect
the mechanisms implied in learning by observation. More precisely, we hypothesis that the presence
of a pair of actors in the display can render the perceptual processing and identification of each actor
more difficult because their points of identification mix to form a mass. In consequence, it could be
more difficult to simulate the movement, to infer the goal of action and to predict the end of the
movement whereas these elements are known to be crucial for the success of learning (see for

example, Blakemore & Decety, 2001; Mattar & Gribble, 2005). In this same idea of simulation, the
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Point-light display and Motor Learning

presence of two interacting actors implies the need for significant mental flexibility to switch from
simulating the action of the attacker to those of the counter-attacker. The second element that could
disturb the observers is that judo movements take place in volumetric space; whereas some studies
have shown that the perception of biological movement is easier if a translational movement can be
infer like it is the case for walking for example (Bidet-Ildei et al., 2013). Therefore, the first objective
of the study was to demonstrate that PLD observation can also benefit for the learning of complex

motor skills in interaction.

Interestingly, some studies have focused on mental imagery in relation to judo practice (Campos
et al., 2001; Chalghaf, 2013). They demonstrated that mental imagery can improve the judo’ss
technical acquisitions, probably linked to the possibility to acquire an internal model even in the
absence of movement. However, mental imagery also has some drawbacks: how can we control what
the learner visualizes? How can the learner know what the important parameters of the action to be
performed are, and therefore how to help him/her in his/her learning? In contrast, in observation, we
can control all parameters of movement and so determine which is the most important for the
learning. Therefore, the second objective of our paper was to address this question by studying the

effects of action observation training through the PLD paradigm in the learning of a kata in judo.

The general hypothesis is that the observation group should perform better than the control group.
Consequently, we propose than the observation group should obtain better results in the retention and

transfer tasks and a biomechanical behaviour closer to those of the models, than the control group.

2 Methods

Participants

The a priori calculation of our sample size was performed with G*Power software (Faul et al., 2007)

based on a mixed measures ANOVA design and the results of a previous study (Faelli et al., 2019,
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Cohen's d = 1.11). Statistical significance was set at p < 0.05, and power was set at 0.80. The results
indicated that 11 participants per group would be sufficient to provide an estimated power of 0.80.

However, given the CoVID-19 health crisis only twenty participants had to be included in the study.

The participants included twenty French experts' judokas in sports structures with a twice-daily
training frequency, divided into two groups with respect to homogeneity, according to the level of
practice, age and laterality of the fight. Ten judokas (age: Mean age (M) = 15, Standard deviation
(SD) = 0.5; sex: 7 males, 3 females; laterality: 9 right-handed, 1 left-handed) followed the combined
training protocol (action observation and physical practice), and 10 other judokas served as a control
group (age: M = 15, SD = 0.6; sex: 9 males, 1 female; laterality: 8 right-handed, 2 left-handed). All
of the participants gave written informed consent. Additionally, all of the participants had normal or
corrected-to-normal vision and were unfamiliar with the Kata proposed (because this corresponds to
the Kata asked for the 5th Dan in France), and none of the participants reported of taking any
medications or antidepressants or of following a major diet that may have affected their
concentration, according to a short questionnaire. The protocol was approved by a local human
subjects committee (N° 2021-02-05). The distribution that was proposed by the coaches was
confirmed by a Student’s t-test on their performance on a known technique (O-soto-gari). The test

revealed no difference between the two groups (ti9 = .11; p = .91).

Moreover, two experienced judokas (males, 22-years-old, national level in judo and students at the
Faculty of Sports Sciences in Poitiers, France) were used as references to build the PLD and to

biomechanically assess the performances of the participants.

! All judokas had a national level and had the first dan black belt.
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Materials

For the construction of the stimuli, we first recorded the different techniques of Go-No-Sen
performed on a classical tatami by the two experienced judokas, which served as the models. The
motion-capture recordings were obtained from four Microsoft Kinect azure DK cameras (see

https://docs.microsoft.com/fr-fr/azure/kinect-dk/hardware-specification) placed at 1.10 m height and

separated by 12 m% Two laptops, which were each connected to two Kinects that were previously
calibrated with a light sphere of our design (= 6.36 cm in diameter), collected videos of the
techniques using iPiRecoder software. This software provides the ability to record synchronized
videos from multiple devices connected to several computers, using smartphone's Wi-Fi network
(Distributed recording). Microsoft Kinect azure DK cameras are cameras dedicated to space
computing. They consist of a classic color video camera associated with depth sensors for tracking
human movements in a defined space. The advantage of this system is that markers do not have to be
placed on the subjects, and its accuracy of capture has been previously demonstrated by Albert et al.,
(2020). This system is particularly well suited to the constraints that are associated with judo
movements (involving falls and numerous contacts between the two participants), which would have
caused marker occlusions. Once we had the recordings from the four Kinects, we merged them by
using the "Merge™" option in the iPiRecoder software to create one recording. Subsequently, a
skeleton animation was created using iPi Mocap Studio software (Pro version enabling the tracking
of several actors), and then exported it in Biovision Hierarchy format (BVVH) according to the Motion
Builder hierarchy. This file was finally converted to c¢3d format using the MATLAB Motion Capture
Toolbox (https://github.com/lawrennd/mocap) and the Biomechanical ToolKit developed by Barre &
Armand, (2014), in order to keep only PLD videos of the two judokas. The c3d videos were then

processed on PLAViIMoP software (Decatoire et al., 2019) to obtain several views of the same
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technique from the same c3d file (See Figure 6, appendix 3). Each video of the same technique was

collapsed by using Video Editor (from Microsoft) to obtain a working clip.

Procedure
The procedure consisted of 2 phases: training and post-learning evaluation.

Regardless of their allocation group (control vs experimental), all of the participants were trained at

lunchtime for 7 days over a period of two weeks.

Each day of training involved the same structure: the viewing of a 5-minute video clip, which was
immediately followed by 20 minutes of physical practice in a conventional training situation. The
penultimate day was different, and a review of all of the techniques was offered, in addition to the
technique of the day. Therefore, the last day of training, the AO group judoka watched all the
techniques previously learned in the program in addition to the technique of the day. On the other
days of the program, one technique per day was studied. At the end of the seventh day, the judokas
had studied the seven Go-No-Sen techniques that were selected for the study. The only difference
between the two groups was concerning the observation task: the experimental group watched a clip
in PLD, which was previously designed on the technique of the day, whereas the control group

watched a 5-minute clip of an International Judo Federation "top ippon”.
At the end of the training protocol, all of the participants were evaluated on three tasks.

A qualitative retention evaluation - All of the participants were assessed on the quality of execution
of the kata by expert judges from a predetermined grid that was built from the resources of the judo
committee of the Vienne (86, France, see Appendix 1). The judges were not informed of the group of
participants (experimental vs control participants). In this evaluation, the aim was to quantify the

degree of learning in each group.
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Biomechanical evaluation - Each participant had to perform two techniques of the Go-No-Sen kata
(O-soto-gari and Kubi-nage in closed situations) that were filmed with the Kinect cameras. The
recording process was identical to that used previously to make the stimuli. The kinematic

parameters computed from the c3d files are listed in the following “Data analysis” section.

Transfer evaluation - The last evaluation was a transfer evaluation. This last test consisted of
evaluations of each participant regarding the application of the techniques that were learned during
the kata in a combat situation (open situation). We proposed a training exercise for each condition.
For example, the judokas performed a Yakusoku Geiko with restriction to a role and a certain
technique. Uke was instructed to throw only certain techniques, including two figures in Go-No-Sen,
whereas Tori was free to respond as he wished. More precisely, six Ko-uchi-gari and six Ko-soto-
gake were randomly triggered without Tori's knowledge by Uke. The aim was to assess whether, in
following the training phase, it becomes more instinctive to perform the functional response of Go-

No-Sen according to the group.
Data analysis

For the qualitative evaluation, we compared the number of participants that validated the Kata in
each group with Fisher’s exact test. For this scenario, we considered that the candidate had validated
his or her kata if he or she did not endanger his or her partner and if he or she obtained, at the very

least, the average values in at least 3 out of 4 criteria.

For the biomechanical evaluation, we recorded the temporal evolutions of the 3D coordinates on
the different joints of each participant. Subsequently, we calculated for the root mean square error
(RMSE) between the participant’s temporal evolution and the reference model’s temporal evolution
for each parameter. For this scenario, we used MATLAB software and the btk library that was
developed by Barre & Armand, (2014). For O-soto-gari, we considered the relative angle between the
trunk and the supporting leg, the relative angle between the trunk and the reaping leg, the absolute

9
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angle of the trunk with the horizontal and the total RMSE (top of Figure 1). For Kubi-Nage, we
considered the rotation longitudinal angle, the torsion angle (the angle between the shoulder line and
the hip line), the tilt angle of the lateral inclination of the pelvis and the total RMSE (bottom of
Figure 1). For each technique (O-soto-gari and Kubi-Nage) and for each independent variable that
was considered, we then compared the mean performance of each group by using an independent
Student’s t-test. To assure the homogeneity of the variances, we excluded analyses in which the
participants had scores either superior or inferior to 1.5 standard deviations of his/her group (one

participant for O-soto-gari and two participants for Kubi-nage).

O soto gari

initial orientation of
the shoulder line

Shoulder line

Figure 1: Biomechanical angle calculated for O. soto gari at the top and Kubi nage at the bottom of the figure. From left to right for O
soto gari, the absolute angle of the trunk with the horizontal, the angle between the trunk and the supporting leg during the movement
and the angle between the trunk and the mowing leg are shown. For Kubi nage, the longitudinal rotation angle, the torsion angle and

the tilt angle are shown.

For the transfer evaluation, we calculated the percentage of success (i.e., percentage of

successful Tai-otoshi after being attacked by Ko-soto-gake) for each participant, and we compared

10
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the means for each group (experimental vs control groups). As the homogeneity of variances was not

observed, this analysis was performed by using a Mann-Whitney U-test.

All of the analyses were performed with JASP statistical software, with one-sided p-value
assumptions, testing the superiority of the AO group and a significance level of the p-value set at
0.05. Effect sizes were calculated with the Cohen’s d for all measures except for the transfer

evaluation where it was calculated with the Rank-Biserial Correlation.
3 Results of qualitative evaluation of the kata

The results of the Fisher's exact test (Figure 2) did not reveal a significant effect of action

observation for the kata validation, F(18) = 1.702, p = .302.

,/
80,

Cont

Figure 2: Distribution of the validation percentage according to group. On the left, the control group = Cont; on the

right, the action observation group = AO.

Results of the O-soto-gari biomechanical assessment

The analyses revealed no effect of group on the angle between the trunk and the supporting
leg during the movement, t(16) = 1.098, p = .144, 95% CI = [-2.21; «], d = .52 or on the absolute
angle of the trunk with the horizontal leg, t(16) = 0.721, p = .241, 95% CI = [-2.82; »], d = .34,
However, Figure 3 shows that the difference trend for the angle between the trunk and the moving

leg, t(16) = 1.586, p = .066, 95% CI = [-0.60; «], d = .75 was significant for the total RMSE, t(16) =

11
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240  1.805, p <.045, 95% CI =[0.13; =], d = .85, thus suggesting that the AO group was more similar to

241  the model than the control group (Figure 3 bottom).
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244 Figure 3: Graph showing the results of root mean square errors on the angle of the trunk (at the top) and the mean square error
245 results over the whole movement for each group, compared to the model (at the bottom), with error bars at 95%. * Significant effect.
246
247
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Results of the Kubi-nage biomechanical assessment

None of the results obtained on the evaluation of the Kubi-nage technique showed any significance or
trend; therefore, the two groups were similar (longitudinal rotation angle: t(17) = .750, p = .232, 95%
Cl = [-9.50; o], d = .345; tilt angle: t(17) = -1.487, p = .922, 95% CI = [-4.19; o], d = .68, (M[AOsi
angle]= 13.663 SD[AG:itt angle]= 2.604 ; M[Contiijt angle]= 11.732, SD[Contiiit angle]= 1.020) ; torsion
angle: t;7 =-0.541, p =.702, 95% CI = [-3.880; =], d = .25; total RMSE: t(17) = .388, p = .351, 95%

Cl =[-5.05; 0], d = .18).

Result of the transfer evaluation

The analysis of the transfer evaluation (Figure 4) revealed a significant effect of action
observation training, U = 29, p < .043, 95% CI = [-o0; 5.67e-5], Rank-Biserial Correlation = -0.42.
The AO group was significantly better than the control group at transferring the response actions that
were learned in the kata situation into a combat situation M [AO] = 20%, SD [AO] = 20.4, M [Cont]

=5%, SD [Cont] = 8.

13
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45

40

30

25

20

15

10

Transfer success rate as a percentage

Cont AO

10 Group

Figure 4: Graph of the percentage of success according to group on the transfer task, with standard error. * Significant

effect.

4 Discussion

The aim of this study was to assess the impact of PLD action observation on the learning of a
complex sequence of movements in judokas. For this scenario, we compared two groups on the
learning of Go-No-Sen kata. Both groups benefitted from conventional training, based on the
repetition of physical practice (Uchi-komi and Nage-komi). Moreover, the experimental group had
visual sessions of PLD action observation, whereas the control groups had visual sessions of the “top
ippon” of the federation. The results revealed better biomechanical and transfer performances for the
experimental group than for the control group, thus confirming the positive impact of action
observation on motor learning. Our results confirmed those obtained by (Blandin et al., 1999), who
showed that physical training combined with observation allows for a better transfer. Indeed, it
appears that the actions/responses that are learned in the blocked and predictable situation offered by
the kata could be transferred by the AO group to an unpredictable situation. Accordingly, with the
functional equivalence between the observation of actions and physical practice (Grézes & Decety,

2001), we can suggest that the observation of actions has made some traces in the sensorimotor

14
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memory that would have been reactivated later during physical practice. This idea also agrees with
the theory of the ACT-IN model (Versace et al., 2014), which defines memory as a "tool™ for
retrieving learned items to interact with the present context. Specifically, this conception of memory
requires a number of repetitions of similar experiences to engram sensorimotor traces to respond
quickly and correctly. As both groups had the same amount and quality of physical exercise, we can
suggest that the success of the AO group is that it would have benefited from a greater number of
'experience’ repetitions, due to the principle of functional equivalence between practice and
observation. If we follow Blakemore and Decety (2001), we can speculate that our AO participants
have been able to simulate the interactions proposed and this despite the presence of two actors and
the volumetric space of the movement. Another hypothesis for our results is that action observation
could have generated an attentional focus on some parameters of the action, thus rendering physical
practice more efficient (see (Blandin, 2002). This last hypothesis is in accordance with the response
obtained in the poststudy questionnaire (see Appendix 2), wherein some participants said that the
PLD visualization allowed them “to visualize myself doing the technique ”, “to visualize the actions

and responses to be made ” or “to see each step of the movement better, so we can imitate them.

Concerning the discrepancy between the biomechanical effects that were obtained with the O-
soto-gari and Kubi-nage techniques, we suggest that action observation enhances simple movements
and provides an attentional focus. Indeed, O-soto-gari is easier to perform than Kubi-nage. The
second hypothesis could be related to a methodological difference between the learning of the two
techniques. In contrast to O-soto Gari participants, who benefitted from two working sessions, Kubi-
nage was the last technique studied by the participants; therefore, the phase of learning and the post
evaluation was performed on the same day. Thus, it is possible that Kubi-nage had not been
improved because it does not benefit consolidation. Indeed, although the repetition of experiences

benefits learning, data, such as those of Krakauer & Shadmehr, (2006), has shown that the

15
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consolidation of learning continues over a period of rest longer than 24 hours, including quality sleep

time.

Finally, when concerning the absence of significance in the qualitative evaluation, it is likely that
the effects of action observation were too subtle to be perceptible with a subjective evaluation (in this
scenario, the assessment of retention depends on the judges' assessments) that was coded with a
discrete scale (of 0, 1 and 2 points). Yet, because the health context of COVID-19 all expected
participants had not been included. It can therefore be assumed that some non-significance or trend is
due to a lack of power. However, it is nevertheless interesting to note that the results seem to support

the research hypothesis with more validation of the Kata by AO than the control group.

As in the study by Chalghaf, (2013), that have showed that mental imagery enabled the learning
of new judo techniques we showed that observation of point-light display also enabled this. This
could be explained by a greater number of repetitions of experiments due to functional equivalence
between mental imagery; action observation and physical practice. One alternative hypothesis could
be that action observation provoke an attentional focus on certain parameters of the action that are
crucial to learn the movement as faithfully as possible. This last hypothesis requires further study,

particularly in a performance optimisation context.

In conclusion, our study demonstrated clear advantages of PLD action observation to learning
new complex motor sequences in combat sports. The combined training of a conventional physical
practice and a video observation of the point-light type allowed us to improve biomechanical
parameters and transfer competencies. To confirm and expand upon these results, it would be
interesting to replicate our protocol with a larger population and with more than two weeks of work
to confirm whether the nonsignificant results of the qualitative evaluation were related to a lack of
power and to correct the methodological concern for the Kubi-nage technique. Moreover, future

studies should address the role of functional equivalence and attentional focus on the effects.
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435  Appendix 1: Judges' evaluation grid to be used for the evaluation of Kata by the judges during the
436  course. This grid was designed from the resources of the Vienne (86, France).
437

GO-NO-SEN Evaluation Grid Pseudonym: rame of applicant
Criteria Observable
selected

Control of Uke when throwing

Safety Endangerment with an improper throw

Control of attacks for Uke

Respect for the chronology and execution of the ceremonial

Attitude a_nd Tori's attitude, posture and movement
Ceremonial
Uke's attitude, posture and engagement
Technical Chronology of techniques and attacks (Tori/Uke)
SotreeinEss Respect of the techniques (technical errors and omissions)
Presence of imbalances before projection
Respect of the principle of response (GO-NO-SEN/SEN-NO-SEN)
Control and efficiency of techniques, parries and answers
Technl_cal Correctness and rhythm (attack/counterattack)
Execution

Control of ukemi for Uke

Efficiency, accuracy, sincerity and credibility of the defenses for Uke

Interaction of the couple, action/reaction and coordination of responses

The candidate is "disqualified" in the

case of endangering his/her partner

he/she does not obtain the average in at least 3

The applicant is "rejected" if: out of 4 criteria

The candidate is "passed” if: He/she fulls the conditions for 3 criteria
Rating: 0 = failures, 1 = correct/in Grid composed from the resources of the Vienne
progress, 2 = good/very good Judo Committee.
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Appendix 2: Poststudy questionnaire.

Poststudy questionnaire

As part of the study you have just completed, we would like to know your opinion and feelings about
it.

2 Name and surname Group

Point-light-display :] video :]

How would you rate each of the following criteria for the study?

You were interested in the overall study (Q1)

Not at all [ ][ 1[ ][ ][ ] A lot

Do you think you have learned anything (Q2)

Not at all [ ][ ][ ][ ][ ] A lot

Do you think that what you have seen during the clips will help you in your learning (Q3)

Not at all [ ][ }[ ][ ][ ] A lot
Do you think that video observation can help you to be more efficient in your technique and judo

(Q4)

Not at all [ ][ }[ ][ ][ ] A lot

Have you watched a Go No Sen video outside of training? (Q5)

Yes [: No :]

In a few lines, can you explain how you think watching the videos can or could have helped
you?
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466  Appendix 3: Additional figure
467
468

ASSOCIATED
SOFTWARES

PROCESSING
STEPS

Longitudinal
rotation angle
Torsion angle

Tilt angle
Score total

198 Figure 6: Processing steps for the construction of the PLD and the biomechanical evaluation: 1) Video acquisition using 4 Kinect
471 Azure and Ipi Recorder software, 2) Follow-up of the 3D coordinates and export of the skeleton in bvh file using Ipi Studio pro
472 software, 3) Generation of the PLD using PLAViMoP software, 4) Generation of a c3d file using BTK library and Mokka software, and
473 5) Computation of the root mean square error (RMSE) on specific biomechanics parameters between the subject and the reference
474  model using MATLAB software.
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