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Foreword

THE ANR

SUPPORTS SPORT

IN ALL ITS
DIVERSITY!

While Pierre de Coubertin
believed that participating (in
the Olympic Games) is what
counts, for the French National
Research Agency, the most
important is to “fund research
in all its diversity”. This clearly
applies to funding research
projects focusing on sport and
physical activity.

The ANR's funding instruments
mobilised French scientific expertise
to create knowledge regarding the
sporting world, whether it involves
everyday sports activity, its relation to
health, social aspects, the city's sports
facilities, security for sporting events
(Flash Call for proposals on Security at
the Olympic and Paralympic Games),
the history of physical exercise, scientific
support for high-performance sports
and parasports, and developing high-
tech devices for simulation or virtual
reality, along with innovative materials
and equipment.

The second issue of this journal
presents five major research projects
supported by the ANR as part of
France 2030 and its Work Programme,
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especially its Generic Call for Proposals.
All key figures for ANR-funded projects
can be found on the ANR Data portal,
its interactive platform for sharing open
data. Over €38 million was allocated
to projects under its Work Programme,
including 97 relating to sport or physical
activity that were freely proposed
by scientists, and spanning multiple
disciplines such as biology, health,
the social sciences and humanities,
mathematics, digital technology,
physics, materials science, ecology, and
the environment. In addition, 29 projects
were funded as part of France 2030,
including €18 million specifically
allocated to High-Performance Sport
projects.

The most representative action,
which is more closely connected
to the Olympic games and elite

Over €38 million was
allocated to projects
under its Work
Programme, including
97 relating to sport or
physical activity.



sports, is the High-Performance Sport
priority research programme (PPR)
implemented by the ANR on behalf

of the French government as part

of the France 2030 Investment Plan.
Some of its recipients are featured

in this issue. Launched in 2019 in
preparation for the 2024 Paris Olympic
Games, its main objective is to help
France intensify scientific support for
the performance of its elite athletes.

29 projects were funded
as part of France 2030,
including €18 million
specifically allocated

to High-Performance
Sport projects.

Through 12 interdisciplinary projects
involving researchers, coaches,
athletes, and para athletes from 23
federations, it provided useful scientific
and technological solutions for
transforming training and competition
practices, with a view to significantly
improving elite performance. This

is the challenge addressed by the
TrainYourBrain project, which develops
innovative training methods for the
French Fencing Federation based

on psychophysiological approaches.
The PPR covers nine areas: the
athlete’s life-environment balance,
preventing and managing risk factors,
cognition and mental preparation,
human-equipment interaction and
equipment optimisation, learning

and optimising sports movements,

THE ANR SUPPORTS SPORT IN ALL ITS DIVERSITY!

Through

12 interdisciplinary
projects involving
researchers, coaches,
athletes, and para athletes
from 23 federations, it
provided useful scientific
and technological
solutions for transforming
training and competition
practices, with a view to
significantly improving
elite performance.

quantifying training intensity, big

data and artificial intelligence

for performance, performance in

our environment, and the specific
characteristics of paralympic sport.

It draws on a wide range of scientific
fields (psychophysiology, neuroscience,
motor learning, digital modelling,
biomechanics, artificial intelligence)
and sporting activities (canoeing,
kayaking, cycling, judo, swimming,
rugby, parasports, Olympic sailing,
boxing, gymnastics, wrestling, climbing,
athletics, fencing, rowing).

The medals race is even more
fascinating when the excellence of
French scientific research serves our
most prominent champions! m
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Interview with Jacques Mercier

Jacques Mercier, Physiologist,

is the Chairman of the High-
Performance Sport priority
research programme panel, as
well as Vice President of the
University of Montpellier. The
High-Performance Sport priority
research programme, which was
launched in 2019 five years ahead
of the Paris Olympic Games,
helped fund twelve research
projects to improve athletic
performance. Conducted under
France 2030, the project had a
budget of €20 million.

6 | Projects

17 SCIENCE IS AN
ENDURANCE
SPORT 11

Five years on, how would you assess
the programme'’s success in improving
sports performance?

Jacques Mercier: As you can see, |

am most enthusiastic! Through this
programme, the French government
made an unprecedented financial
contribution (€20 million) to support
research in high-performance athletics.
The objective was to bring together
the sporting and scientific communities
around a single goal: funding highly
innovative research projects for athletic
performance in anticipation of the 2024
Paris Olympic Games.

An interdisciplinary panel was
appointed to select relevant research
in sport and science, leading to
significant progress in highly diverse
fields including technology, psychology,
physiology, and biomechanics, as well
as injury prevention.

Is there a direct link between the
research conducted and improved
sports results?

J. M.: | cannot confirm that this type of
investment and the increased number
of medals won during the Games

are directly linked. However, such a
programme combining scientific skills
and the needs of sporting federations
can only help enhance an athlete’s



SCIENCE IS AN ENDURANCE SPORT

“The scientific results undeniably
helped the sporting world reach
new performance levels.”

chance of success. From the beginning,
the panel was very demanding

in terms of project selection. The
twelve selected projects meet

specific criteria, including matching
cutting-edge research with the
practical considerations presented by
federations, clubs, and athletes.

The scientific results undeniably
helped the sporting world reach new
performance levels, but other factors
must also be considered in winning
medals, such as the fitness of the
athlete or the team on D-day, and
the progress made simultaneously
by other nations.

Which landmark projects have
changed training or competition
practices?

J. M.: Mental preparation, virtual reality,
hypoxia, aerodynamic technology, just
to name a few. We had a wide range
of subjects and disciplines! | want to
mention the Paraperf project because it
illustrates productive dialogue between
athletes and scientists. This project
helped improve the performance of
wheelchair athletes for nine sports

at the Paralympics, including rugby,
basketball, badminton, and precision
sports. | am also thinking of the D-Day
project, which is a collaboration

between the French Swimming

Federation and several laboratories

to improve the final weeks of training so

that athletes are in top form on D-day.
These projects exemplify the ability

of laboratories to transfer their results

to federations or clubs, and to directly

include them in athletic training

programmes.

Will the momentum from the
programme continue past the games?
J. M.: We want this momentum to
continue. | would even advocate for
extending the research to areas other
than high-performance sport. It would
be particularly relevant to repeat this
remarkable programme with a view to
strengthening research in physiology,
exercise, and sporting activities, for alll
citizens and their health.

Science is also an endurance
sport. It needs time to ensure that its
progress can impact high-performance
sports, as well as help to develop
physical activity accessible to all. m
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Three questions for...

CECILIA
BERDER

-RENC

ENCE

“A society
practicing more
sport is a first step
towards a society
that is more open
to differences.”

Can you tell us about your career as an
elite athlete?

Cécilia Berder: | am currently part
of the French Women's Sabre Team. |
was born in Brittany, and am a member
of the Orléans fencing club. | have been
world and European vice-champion in
singles and team, world and European
champion, and an Olympic silver
medallist in Tokyo. | graduated from
journalism school, and worked at the
France Info radio station for seven
years. | am also the mother of a two-
year-old girl.

© Géraldine Aresteanu
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CECILIA BERDER, FRENCH FENCER

“Links between sport and science are important.
We use video daily to get specific feedback on
our training sessions and competitions.”

You will be competing in the 2024 Paris
Olympic Games. What does this event
mean to you?

C. B.: It is an honour to compete
in the Games at home. | know how
lucky | am to be part of this team. This
selection is the culmination of hard
work, and a relentless drive to improve
since | first joined the French Team.
This event is also an opportunity for
France to welcome the entire world,
while honouring sport as one of our top
priorities.

How did you prepare over the last few
months for this pivotal competition?

C. B.: Preparing for such a
competition is no small feat. We
compete in many events across the
globe, and complete individual and
team training courses to improve
together. The everyday life of a fencer
on the French national team includes
attack sessions, lessons, physical and
mental preparation, treatment, yoga,
and meditation.

How did your preparations for the 2024
Olympic Games connect with high-
performance sports science?

C. B.: Links between sport and
science are important. We use video
daily to get specific feedback on our
training sessions and competitions.

For instance, in our fencing room a
camera records our matches with a
slight 6-second delay. This tool provides

direct and impartial feedback on our
technique, so we can understand it
better and perfect it.

As part of my physical training,
| am connected by a wire to a 1080
device, which adds weight when | move.
In addition to improving core strength,
explosive strength, and footwork, the
wire also measures my foot speed. It
made me realise that being slow is not
so bad, it allows for a better change
of pace and even faster lunge, the
fencer's final move.

In addition to being a fencer, you are
also a journalist and lecturer. What can
you tell us about the significant links
between sport and society?

C. B.: Personally speaking, sport
changed my life. It helped me grow
and to understand my body better.
The Olympic and Paralympic Games
can really inspire people to push their
limits, to light a passion by discovering
sports that garner less media attention.
In particular, the Games can build a
genuine sense of belonging.

Being part of a team, supporting
athletes, striking a chord, celebrating
in your country with fans from across
the globe is a once-in-a-lifetime
opportunity. In my opinion, a society
practicing more sport is a first step
towards a society that is healthier
and more open to differences, with a
thirst for sharing, progress, and living
better together. m
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© Georges Demeny, chronophotography of a pole vault, circa 1886

In view of the Paris 2024 Olympic and Paralympic Games, science
and sport joined forces to help French athletes and para athletes
excel in the medals race. This productive dialogue with high-
performance sport led to significant technological, psychological,
physiological, and biomechanical breakthroughs, as well as

with respect to injury prevention. Moving beyond just sport
performance, this research aims to disseminate this scientific and
social innovation to a wide audience, doing so across time and in
connection with their everyday lives. Learn more about five ANR-
supported research projects that use sports science to enhance
performance, exercise, and sporting activity for the benefit of
public health.
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Mental training | TrainYourBrain project | University of Nantes |

FENCING

WHEN
METAL
MEETS
METTLE

© AdobeStock
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With 123 Olympic medals,
the excellence of French
fencing is widely recognised.
How can training and
performance be optimised?
This challenge is addressed
by the TrainYourBrain
project coordinated by Julie
Doron, a Lecturer in Applied
Sport and Performance
Psychology at the University
of Nantes. It aims to
develop innovative mental
training methods based

on psychophysiological
approaches.

FENCING, WHEN METAL MEETS METTLE

To respond to the High-
Performance Sport PPR call for
proposals, operated by the ANR as part
of France 2030, the former international
fencer Julie Doron brought together a
multi-disciplinary consortium around
the French Fencing Federation and the
University of Nantes, with recognised
expertise in applied high-performance
sport psychology and physiology,
including Claude Bernard University
Lyon 1(UCBL), Paris-Nanterre University
(UPN), the University of Montreal (UdeM),
and the University of Western Brittany
(UBQ).

Developed during lockdown,

a period conducive to preparatory
discussions with coaches for the three
fencing weapons (épée, foil, and sabre),
the TrainYourBrain project enhances the
expertise of French fencing by including
the mental aspect in training methods.

Simulating a competition to assess
mental fatigue

Fencing is a constant mental
challenge, as competitions can take
up to eleven hours in a single day,
with matches lasting between 2 and
15 minutes, followed by waits often
exceeding an hour. “Psychologically,
this pace can impact a fencer’s
performance, and especially his or her
focus during the final matches, which
are decisive to winning a medal”,
explains Doron.

To study the requirements of
high-performance sport and to assess
how athletes respond physically and
psychologically, the TrainYourBrain
project first focused on characterising
the impact of mental fatigue on the
cognitive and physical performance of
athletes.

Scientists reproduced a
competition format identical to the
Olympic Games by simulating a
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Mental training | TrainYourBrain project | University of Nantes

series of 5 matches with 15 touches
each, capped by a final. This

system demonstrated that while the
competition had little impact on
physical or muscular fatigue, due to
considerable physical training, the
"perceived” mental fatigue increased
as the matches progressed.

In addition to the tests and
questionnaires used to assess how the
psychological load evolves, interviews
were conducted and combined with
"eye-tracking” devices to identify
the mental and visual strategies
used by athletes, and to study the
consequences of refereeing decisions,
errors, breaks, etc.

All these tests, the results of
which were then sent to participants,
helped scientists identify parameters
for designing and proposing new
sequences in training methods.

At the same time, project teams
worked on a more experimental
procedure to induce neuromuscular
and mental fatigue using luminous
targets placed on signs. The test
involves accurate targeting with the
shortest reaction time possible. Due
to the limited number of athletes likely
to take part in this exercise, this stage
of the project is still ongoing, and will
be open to representatives of other
disciplines.

Developing innovative mental
training methods

Scientists used the results from the
project's first stages to develop three
types of innovative mental training
methods adopting interdisciplinary
approaches.

The first uses a perceptive video-
based technique for decision making,
an exercise in which the athlete is
asked to react at the end of excerpts
from matches, with a view to improving
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“We are focusing
on how elite
athletes
psychologically
adjust to extreme
conditions,
regardless of
their sport.”

the speed and relevance of decision-
making during competitions.

The second method, more suited
to the épée, is training for mental
strength. Having athletes train with an
additional cognitive load develops their
resistance to mental fatigue. Scientists
recommended organising “dual-task”
sessions, for instance a task requiring
them to ride an exercise bicycle while
completing a cognitive exercise on
a tablet that draws their attention,
thereby developing their capacity to
manage significant mental loads.

Finally, for the salbre, scientists
worked on a training method based
on mindfulness in order to improve the
focus and engagement of athletes
during matches. The exercises
conducted by mental trainers are
structured around three key concepts:
focus, awareness of the moment,
acceptance, the ability to “deal” with

FENCING, WHEN METAL MEETS METTLE

our emotions, pleasant and unpleasant
thoughts and sensations, regaining
concentration, and redirecting our
focus on key performance elements,
such as the ultimate objective.

Training, transmitting,
and exploring other sports

While connecting the phases
of the research with preparations
for the Olympic Games provided
an opportunity to raise awareness
among athletes and coaches to the
benefits of the proposed methods,
integrating them in preparatory training
plans requires more time and suitable
continuing education modules, which
scientists are currently developing.
"The fencers of the Reléve division, the
generation preparing the 2028 Los
Angeles Olympic Games, and their
instructor have made the most use of
these new training methods”, points out
Doron. A public awareness campaign
was also launched with the creation
of an Instagram account to share
sequences. The latter are in the form of
comic strips, and illustrate the mental
issues faced by fencers every day, as
well as how athletes can manage them
better.

These methods may be used
in other disciplines, especially those
involving a duel. This is all the more
true because, "as researchers, it is not
our intention to scientifically support
a specific sport”, reminds Doron. “We
are focusing on how elite athletes
psychologically adjust to extreme
conditions, regardless of their sport." m
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Parasports | Paraperf project | University of Cote d'/Azur | FRANCE 2030

A LEVER
FOR THE
INCLUSION
OF PARA
ATHLETES

16 | Projects

Coordinated by the French
National Institute of Sport,
Expertise and Performance
(Insep), the purpose of the
Paraperf project is two-fold:
to customise and improve
the training and equipment
used by para athletes in
anticipation of the 2024
Paralympic Games, and to
improve the daily lives of
persons with disabilities over
the long term.



Scientists measuring the push and
pull force generated at different
speeds during a cyclical movement.
The results help to focus an athlete's
training, in this case a wheelchair
rugby player, on their weaknesses
rather than their strengths.

© Cyril Frésillon / IMS / CNRS Images
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Parasports | Paraperf project | University of Cote dAzur

Mai-Anh Ngo © French Karate Federation

The Paris Paralympic Games will " ]
be held from 28 August to 8 September The Olymplc mOdel
2024. Over 4,300 para athletes was Copled O'ntO the
(including 1,859 women) will compete in .
approximately 549 events in 22 different Paralymplc mOdel'
sports. How can science boost their Wthh actua“y
chances to achieve success and secure
Olympic gold? What role can it play at does nOt take the
this performonc.e level? speciﬁc nature of the
Launched in 2020 as part .
of the High-Performance Sport Pa'ralymplc mOdel
Priority Research Programme (PPR), lntO account "

the Paraperf project’ focuses on
parasports. The goal is to go further,
to go higher, to become stronger,

but also to get to know para athletes
better, to better recognise them.
Involving 13 laboratories and three
sports federations?, Paraperf is
structured around three main areas.
The first improves the performance
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LAW, A LEVER FOR THE INCLUSION OF PARA ATHLETES

of para athletes using analyses

and personalised decision-making
tools. The second optimises athletes
and their wheelchairs (12 of the 22
Paralympic sports are practised in

a wheelchair; nine were studied as
part of the project). “Finally, the last
objective, which | supervise, focuses

on their preparation and training
conditions, their psychological and
welfare conditions, as well as their
socio-economic conditions. The goal
is to better understand the factors
that encourage high performance
and, more broadly, an environment
conducive to preparing for the Olympic
and Paralympic Games", explains Mai-
Anh Ngo, a CNRS Researcher at the
Research Group in Law, Economics, and
Management (CNRS Unit/University of
Cote-d'Azur).

Improved knowledge for greater
recognition

After 10 years of conducting
research on the quality of agri-food
products, Ngo, a multi-medal-winning
para-swimmer and 2022 French Karate
Kata champion, refocused her research
around these issues in 2010.

As part of Paraperf, Ngo,
together with researchers in sociology,
psychology, and law, relied primarily
on questionnaires and interviews
conducted with professionals (para
athletes, staff members, families, etc.)
to evaluate the integration of specific
paralympic characteristics within sport
regulations, as well as the integration
of specific sports characteristics within
disability law. “The Olympic model
was copied onto the Paralympic
model which actually does not take
the specific nature of the Paralympic
model into account”.

She focused on stakeholders
that are little known in the legal world,

such as assistants (guides, pilots),
which is to say able-bodied athletes
who assist paralympic athletes. The
lawyer addressed the issue of human
compensation, and in particular
recognising that these assistants are
elite athletes. "We realised that some
tools were inadequate”. For example,
to register a two-person team in
long-distance running, you can simply
indicate they are blind. "This is far from
a minor issue, as it does not reflect the
reality of para athletes. If the guide is
not recognised as an elite athlete, he
or she will not have time to practise
with the para athlete, or individually”.
Ngo therefore developed a tool for the
French Parasport Federation to better
secure this two-person team.

Amending the French Sports Code?

The lawyer focused, with
Paraperf's medical working group
and the French Connected Parasport
Health Institute, on the health
monitoring for para athletes required
by regulations, which according to their
findings is also “inadequate”. "It may
seem obvious, but among our main
findings, taking disability into account—
whether inborn or acquired—should first
occur during health monitoring, even
before sports performance.” Stability
for precision sports, manoeuvrability
for rugby or basketball, issues relating
to friction or falling: the research
also helped demonstrate that para
athletes cannot be separated from
their equipment, with every adjustment
making a difference. In addition,
the French Sports Code does not
establish any standards with respect
to wheelchair rolling resistance or injury
to para athletes. "We also identified a
number of disabilities that do not meet
the monitoring requirements as they
currently stand".
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Improving the French Sports
Code with respect to specific human
or technical compensation, “may not
happen right away, but should come
in the next few years”, Ngo hopes. “The
advantage of law is that if we develop
it, we improve an entire system. It allows
for a broader level of implementation,
and serves over the long term as a
very effective lever ." Technological
innovations were already implemented
in the project’s first two areas, such as
chairs adapted to para athletes, and
greater attention being paid
to surfaces.
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What about after the games?

Beyond just performance,
Ngo hopes that these first Summer
Paralympic Games held in France, and
the media coverage of the Paralympic
Torch Relay (carried by around 1,000
torchbearers), will help drive inclusion
and create a positive and energetic
image for persons with disabilities. “The
flame is also a symbol of strength and
unity. It is in this spirit that | will carry
it on 25 August in Antibes”. She also
hopes that the Paris Olympic Games
will generate legal and social change
towards what she calls a “Disability



LAW, A LEVER FOR THE INCLUSION OF PARA ATHLETES

“Another challenge is
for disability to be fully
considered in every
law, and to always
include persons with
disabilities right from
the drafting stage.”

n,on

Society": "another challenge is for
disability to be fully considered in every
law, and to always include persons
with disabilities right from the drafting
stage.”

More generally, Ngo, a member of
the French National Advisory Council of
Disabled Persons, laments the lack of a
culture of accessibility in France among
the general population. “Scooters left
on the sidewalk, trash bins blocking
the way, flowerpots at shop entrances:
© Grand Angle Productions it is situations like these and their

daily accumulation that bring people
face to face with their disability”. She
regrets the tendency to believe that
accessibility is an issue exclusively
affecting a minority in wheelchairs.
"Everyone is affected at one point in
their lives, whether it is using a pram or
the mobility of the elderly.
A European study estimated the
additional cost of accessibility at 1% if
it is accounted for when the building
[1] For Improvement of Paralympic is built. At this price, all new buildings

Performance: From Identification to Awarding should be accessible." m
the Medal.”

[2] The French Parasport Federation (FFH),
French Shooting Federation (FFT), and French
Badminton Federation (FFBad). All partners
are listed at https://labos-recherche.insep.fr/
fr/paraperf
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Machine Learning | PerfAnalytics project | INRIA | FRANCE 2030

DATA

IN SERVICE
OF SPORTS
PERFORMANCE

@ ' e

A climber moving on a prototype
miniaturised speed climbing wall,
fitted with grips and force sensors.

© Cyril Frésillon / GIPSA-lab / CNRS Images
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DATA IN SERVICE OF SPORTS PERFORMANCE

Video data is used extensively in high-performance
sport, but has not been objectively promoted on a
large scale in France until now. The PerfAnalytics
project, coordinated by Lionel Reveret, a
Researcher in the Jean Kuntzmann Laboratory
(LJK) of the INRIA Centre at Grenoble Alpes
University, managed to do so.

How was the PerfAnalytics
project born?

Lionel Reveret: In 2017, my research
on using video streams to digitise
and assess human motion led me
to develop projects with the French
National Speed Climbing Team. This
laid the foundation for PerfAnalytics, a
large-scale project conducted as part
of the High-Performance Sport PPR in
connection with the France 2030 plan
operated by the ANR.

To cover all stages, from image
analysis to biomechanical modelling,
six scientific partners were included:
the LJK laboratory of the INRIA Centre
at Grenoble Alpes University, the IRMES
laboratory at INSEP in Paris, the PPRIME
Institute at the University of Poitiers, the
GIPSA-lab at Grenoble Alpes University,
the Institute of Motion Science at Aix-
Marseille University, and the LMBC at
Gustave Eiffel University (Lyon).

The French Federations for
Mountaineering and Climbing (FFME),
Boxing, Wrestling and Associated
Disciplines, Gymnastics, and Cycling,
which were already collaborating with
laboratories, were also involved in
the project.

The PerfAnalytics project therefore
draws on a large consortium based
on the assumption that scientific
components and methodologies (IT,
statistical, biomechanical) can be

pooled and applied to the specific
issues encountered in each discipline.

What are the distinctive features of
video data in high-performance sport?

L. R.: All sports use video—
competitions and training are recorded,
and performances analysed and
annotated. There is a tremendous
amount of fragmentary raw data and
databases, built from hand by either
coaches or the Video Analysis Centres
of each federation.

We first worked on centralising
and streamlining data with the French
National Sports Agency (ANS), which
provided us with the Sport Data
Hub tool, a computing ecosystem
developed at the request of the
French Ministry of Sports. We had to
demonstrate that fully secure cloud
technology could be used for sensitive,
strategic, and personal data, all while
very carefully remaining within the
national scope.

Once the data was structured, we
applied high-performance computing
and processing models, based on
recent machine learning results.

How was your research combined
with the specific characteristics
of high-performance sport?
L. R.: From the outset, we identified
the need to connect research time with
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Machine Learning | PerfAnalytics project | INRIA

training time. Longer durations make

it possible to introduce sessions with
complex and sophisticated equipment,
and to then take time to reflect and
examine the data, with the publication
of six-month and one-year results. But
these efforts are only part of what is
useful for high-performance sport.

To meet the expectations of
federations, we also had to move
towards “everyday” tools for managing
athletic performance projects. To build
these together, we used a two-person
team consisting of a scientist and a
sports manager for every discipline.

What tools were rolled out under
PerfAnalytics?

L. R.: We provide coaches with
annotation and indexing tools, using
solutions we designed to be as flexible
as possible, through research on
the human-machine interface and
optimising user-friendly software.

Depending on the needs of each
discipline, video data is supplemented
by sensor-based measurements.

24 | Projects

“Scientific
components and
methodologies
can be pooled
and applied to
the specific issues
encountered in
each discipline.”

Once the data has been indexed on
Sport Data Hub servers, algorithms
are applied and analysis results
can be checked continuously and
independently. These indicators
provide coaches with additional
information to analyse performance,
as well as “enhanced objectivity” to
foster dialogue with athletes.
Building on this collective
infrastructure, we then provided each
partner federation with tailor-made
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DATA IN SERVICE OF SPORTS PERFORMANCE

Visuals from 3D motion analysis videos are available at https://perfanalytics.fr © PerfAnalytics

tools. For speed climbing, we built

a training wall equipped with force
sensors. The information collected is
then linked to a video analysis system
that evaluates kinematics and clarifies
how the gesture is performed. For
boxing, collecting and processing video
data provides information on how the
ring is occupied, and where opponents
are positioned during matches. It is
supplemented by an accelerometer
system placed in the gloves to assess
the pace of the punches delivered. In
gymnastics, the focus is on posture
while using the rings.

With regard to wrestling, we did
not implement an automatic gesture
assessment tool, instead focusing
on analysing all of the information
available during a match. By studying
changes in score, penalties, and
breaks over thousands of matches, we
can build mathematical models for a
winning strategy.

Finally, for BMX races, we focused
on force measurements in pedals. Our
research led to the filing of a patent,

pending approval, for automatic gear
changes, which has already been used
during a sporting event.

What is in store for the
post-Olympic period?

L. R.: The project has been
extended to December 2024, which
will give us an opportunity to provide
feedback and to finalise the transfer
of tools to federations, once the
excitement of the Olympic Games
is over.

Then, given the collective nature
of the infrastructure we developed,
we may adapt it to other disciplines.
We have already been contacted
to work with para-handball and
para-badminton, and a CIFRE thesis
on automatic video and para sport
analysis was initiated in collaboration
with the company Trinoma, which
specialises in motion analysis.

Other interesting avenues to be
explored include opening up to new
sports, and developing partnerships
with companies. m
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Endometriosis | CRESCENDO project | University of Haute-Alsace
YOUNG RESEARCHERS PROJECTS

Beyond competitive, elite, or
Olympic performance, regular
physical activity has numerous
benefits on health. It can
especially alleviate the symptoms
of endometriosis and, more
generally, menstrual cramps.
Géraldine Escriva-Boulley, a
researcher at the Learning
Sciences and Communication
Laboratory of the University

of Haute-Alsace, is exploring
this avenue as part of the
CRESCENDO project.

ENDOMETRIOSIS
COULD EXERCISE
HELP?
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What is endometriosis?

Géraldine Escriva-Boulley:
Endometriosis refers to a condition
in which uterine mucosal tissue, the
endometrium, grows outside the
uterus. This tissue can invade organs
and ligaments throughout the pelvic
area (and rarely outside this area), and
cause chronic inflammation. One in ten
women is affected. Some people may
also be asymptomatic. This number
could even be underestimated. While
diagnoses are increasingly effective
and less protracted, the diagnostic
delay is still estimated at seven years.

What potentially causes this condition?
G. E-B.: There are several

potential causes, but none are

entirely satisfactory. We are leaning

more towards a combination of

factors: retrograde menstruation,

where menstrual blood containing

endometrial fragments flows back

through the fallopian tubes and into

the abdominal cavity, resulting in the

creation of endometrial cell clusters;

multiple environmental exposures such

as endocrine disruptors; genetics; and

metaplasia, when normal cells transform

into endometrial cells and grow.
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Endometriosis | CRESCENDO project | University of Haute-Alsace

What are the symptoms of
endometriosis, and what treatments
are there?

G. E-B.: They are numerous.
Most importantly, there are as many
symptoms and combinations of
symptoms as there are women. The
most common symptoms are chronic
pain (pelvis, sciatica, shoulders),
fatigue, menstrual bleeding, urinary or
gastrointestinal symptoms.

Endometriosis may also lead to
infertility, but not all women suffering
from endometriosis are infertile.

First, hormonal treatments are used
to stop menstruation. Analgesic
treatments can also alleviate pain.
When all else has failed, the only
option left is surgery. There is also talk
of gentler alternative solutions, such
as CBD, cardiac coherence, an anti-

inflammatory diet, and physical activity.
But there are still not enough studies to

confirm the positive effects.

You argue that physical activity
(PA) can alleviate the symptoms of
endometriosis.

G. E-B.: | am convinced that
physical activity benefits health
and improves the management of
several symptoms of chronic diseases.
| work in sports and PA, especially
on mechanisms for getting people
moving, and maintaining this activity
over the long-term. Until university, |
practised sports 8 to 15 hours a week,
competitions and training included.

When | wrote my thesis, |
significantly reduced this activity and
began experiencing symptoms of
endometriosis. | wondered whether
someone had already explored the
relationship between endometriosis
and physical activity. When | noticed
how scarce the scientific literature was
on the topic, | decided to dig deeper.
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Why is there such a lack in research?
G. E-B.: Again, there could be
several possible answers. For a very
long time, and up until recently, it
was believed that suffering from
menstrual pain was normal, and
that complaining about it was not.
As | previously mentioned, there are
numerous symptoms. For instance, we
do not necessarily mention urinary
symptoms to our gynaecologists.

What is more, doctors and healthcare
professionals have only been trained in
endometriosis for a few years. We still
hear of doctors denying the pain, or
now that it is discussed more, stating
that endometriosis is a trend, and not
prescribing the required medical tests.
When they are finally conducted,
one must know where to look and what
to look for. Finally, some lesions are
small and cannot be detected unless
surgery is performed. The issue is that
there is no link between lesion size
and pain. A small lesion can be
extremely painful and remain
undetected, whilea more significant
lesion may not cause symptoms.



ENDOMETRIOSIS: COULD EXERCISE HELP?
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Endometriosis | CRESCENDO project | University of Haute-Alsace

To what extent do women suffering
from endometriosis find themselves
trapped in a vicious circle of inactivity?
G. E-B.: Endometriosis can spread
throughout the pelvic area and
reduce our ability to move; this causes
inflammation, leading to pain. When we
are in pain, our initial reaction is not to
move. But the less we move our body,
our organs and ligaments, the less they
are able to move, thereby triggering
inflammation when they do. The more
inflammation there is, the more it hurts.
In short, the more it hurts the less we
move, and the less we move the more it
hurts. The CRESCENDO project explores
the relationship between physical
activity and endometriosis, and
tests the impact of a programme
combining physical activity and
educational efforts regarding the
associated symptoms.
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In the first part of this study,
you conducted a survey using
questionnaires. What are the
main results?

G. E-B.: Through CRESCENDO,
we conducted a survey of 221 women
suffering from endometriosis, and 249
unaffected women. The objective
of these questionnaires was to
understand their motivation, the
supporting role played by their family
circle, and the obstacles to practising
PA. Among the findings that have
emerged, we logically observed that
the persons affected have a reduced
quality of life compared to those
unaffected.

This can also be felt socially, with
the need for social proximity while
practising a physical activity being
compromised (in other words, they
feel less included, less respected), in

© Motion Array by lconsX



addition to low self-esteem.

While they believe that physical
activity is beneficial and safe, with a
score that is higher than unaffected
persons, they feel limited by their health
condition. Their abilities and fear of
physical activity triggering pain, are the
most significant obstacles. We pursued
our research with a series of individual
meetings to refine the initial results. We
then tested a 3-month and 6-month
programme on a sample of individuals
by proposing various physical activities,
with a survey conducted before and
after each session.

What physical activities should
be prioritised?

G. E-B.: Again, there are as many
activities as there are women. Our pilot
study shows that physical activities
such as yoga / Pilates / stretching
help reduce pain and improve welfare.
Cardio activities alone generate as
many benefits as harmful effects;
strength-building activities show no
change in the level of pain, fatigue, or
welfare. Those who wish to do build
strength can do so, although the
pelvic area should not be overworked.
Sessions offering cardio and gentle
strengthening activities were those with
the most beneficial effects.

Again, this remains a pilot study:
these results should be confirmed,
and a number of points still need

ENDOMETRIOSIS: COULD EXERCISE HELP?

clarification, such as the role played

by intensity. The most important

point to recognise is that unlike other
conditions, physical activity cannot be
seen as linear, with the passage of time
translating into greater intensity and
duration. It must instead be seen as
cyclical, with stages or steps that follow
the menstrual cycle.

Do healthcare and physical activity
professionals need to be educated and
trained on these topics? What are the
next stages of CRESCENDO?
G. E-B.: Yes, absolutely. To that
end, we make an effort to present
the project during events such as
gynaecology congresses, and as
part of Adapted Physical Activities
Days. Most of all, we need research
programmes to provide additional and
improved care for those affected. In
terms of research, we are completing
our new recruitment for the next stage.
We are expecting 25 participants
from a partner university hospital
in Grenoble, with a view to testing
the impact of physical activity on
inflammation factors. We also began
proposing physical activity to persons
who entered the programme through
the control group. Eventually, in addition
to the videos already available, |
would like to propose best practice
guidelines for patients and healthcare
professionals. m
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Team sports | TEAM SPORTS project | University of Rouen | FRANCE 2030

Coordinated by the University of Rouen as part of the High-Performance
Sport priority research programme, the TEAM SPORTS project focuses

on a little known aspect of high-performance team sport: mental
preparation, which includes individual and team emotional management.
Project Coordinator Mickaél Campo provides insights into the complex
intertwining of personal and collective objectives, and how they impact

the collective performance of team sports.

TEAM

SPORTS

MANAGING
ME AND WE

Why did you take the opportunity
to respond to the High-Performance
Sport programme (PPR) call

for proposals?

Mickaél Campo: As a lifelong
rugby player, | showed an early interest
in the mental aspect of sports. In
parallel to my studies in sports science
and psychology, | quickly became a
rugby coach. | have been collaborating
with the French Rugby Federation for
20 years, as a mental coach for French
teams, as well as training for coaches.
When the PPR first emerged, French
teams could perform incredibly well
one week, and dismally the next. We
proposed a project with Rugby Sevens
and team dynamics. Basketball quickly
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followed, and later football, handball,
and volleyball.

What is mental preparation? How is it
combined with physical preparation?
M. C.: It could be defined as any
effort and resources applied to the
psychological aspect to promote well-
being, performance, and performance
optimisation, all while ensuring athletic
welfare. This includes working on
performance-related mental skills
and psychological variables. This
far-reaching research is conducted
by experts in sports psychology. For
now, the profession is not subject to
regulation, but it cannot be improvised
either—it is based on decades of
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research. As far as we are concerned,
this preparation mainly occurs before
the match, with a briefing and analysis
of what will occur. During the match,
it's up to the coach. Afterwards, an
emotional debriefing helps understand
the emotional dynamics at work.

The end of one match prepares the
beginning of the next one... Physical
and mental preparation are intrinsically
linked. A player that is physically ill-
prepared but mentally strong will never
win a medal. Conversely, a physically
strong player that cannot handle stress
will not become a champion either. We
built a “systemic” performance model
encompassing the mental aspect:
emotion, trust, leadership, team spirit,

identity, etc., to mobilise and improve
the factors responsible for athletic
performance.

What deliverables were proposed for
this project?

M. C.: First of all, new knowledge
drawing on novel theoretical areas in
performance optimisation. This resulted
in three actions: an action connected
to training. We created a single
European university degree on high-
performance team sport optimisation,
with a focus on mental preparation
and team management. Coaches can
access worksheets and factsheets
synthesising the knowledge mobilised
or acquired through sport. Finally,
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Team sports | TEAM SPORTS project | University of Rouen

a researcher and high-level coach
discuss a specific topic in our coach-
oriented podcast series.

The project led to technological
contributions via the development of
tools. The CEA developed an algorithm
for behavioural tracking; it provides
automated monitoring of team and
player behaviour from sport to sport.
For rugby, tracking focuses more on
body language. For handballl, it focuses
more on defensive retreat, an indicator
of good team dynamics, etc. A second
tool used virtual reality to offer training
for regulating emotions, as part of an
environment promoting team spirit.
This virtual reality application also
helps with getting used to the stadium
environment. Young athletes in French
teams are not always accustomed
to playing in front of a crowd. With
this tool, they can directly explore the
stadium environment including locker
rooms, the referee, opponents, the
crowd, and fans, in order to protect
themselves from emotional stress
during the match experience. Finally,
the third technology developed is
a measurement of psychological
strength, which was tested with
the French National Rugby Union
Team. The objective is to capture
the level of collective stress through
game scenarios, such as the impact
on collective stress of a try by the
opponent or loss of possession. The
algorithm, which is based on statistical
models, will assess psychological
strength on the field, and help
understand and improve anticipation of
emotional contagion.

What can you tell us about the
concepts of “Me" and “"We"?

M. C.: According to social identity
approaches, each of us possesses
various identity levels. | can see the
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world through my personality, my
individual characteristics, issues
relating to me as an individual, or

| can see it through my team. This
interconnection is not easy, especially
in high-performance team sports
where other personal issues can

take precedence over team victory:
individual considerations relating to
media attention and economics, as
well as career issues. We are trying to
understand what factors will impact
this withdrawal into the Me or this
expansion towards the We. One of our
overall findings is that the team sports
environment is often part of a symbolic
sacrifice of the individual for the



“A player that

is physically ill-
prepared but
mentally strong
will never win a
medal. Conversely,
a physically strong
player that cannot
handle stress will
not become a
champion either.”

team. Over the last decades, societal
changes, the impact of social media,
video games, player celebrification,
post-match grading by specialist
media, the media sphere, etc., have
placed the individual at the forefront,
and tend to keep players more focused
on Me than We. Why would a player
agree to play only two minutes in a
match, if there is no sense of We? If that
player is part of an Olympic champion
team, he or she will remain an Olympic
champion for life. In order to elevate
the Me to the We, the coach must
ensure that the team provides for the
individual.

Beyond its scientific breakthroughs,
did TEAM SPORTS make other
contributions to federations?

M. C.: By promoting the sharing of
experience and expertise, we sparked
exchange across French team sport

TEAM SPORTS: MANAGING ME AND WE

federations. Numerous coaches have
taken the exam, 130 are using our
sheets and listening to our podcasts.
We are in the process of finalising a
mental monitoring application which
will surely hasten the structuring of
federations in this field. These projects
linked to research programmes will
certainly impact the 2028 Games,
because cultural integration requires
time and dedicated staff for knowledge
transfer. More broadly, as a major
legacy of the Olympic Games,

we are also working on regulating
mental preparation professionals

with the National Mental Preparation
Consortium.

What are the project's prospects for
the Paris 2024 Olympic Games and
beyond?

M. C.: We are working with the
French National Men's Rugby Team
on the concept of Me and We, and
mental strength. Disseminating our
knowledge to Olympic coaches
influences their thinking and helps
improve their management. Team
sports federations are eager to
continue TEAM SPORTS in one form
or another, and research areas have
already begun to be identified. The
French government must sustain this
type of funding to ensure that the
impact of such research programmes
endures. Beyond the sporting world,
we have been approached by actors
in education, medicine, and business,
which are environments where we work
in a team. Theses are being conducted,
with a special focus on the emergence
of life skills through sports practice
by young children in schools. There
is significant societal impact. We are
available whenever called upon, as we
are convinced that what we observe in
team sports can benefit life in society. m
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The French National
Research Agency
(ANR)

Funding research

in its diversity

The French National Research
Agency (ANR) is the funding agency for
project-based research in France.

As a public institution under the
authority of the French Ministry of
Higher Education and Research, the
ANR funds and promotes basic and
applied research in all disciplines at the
national, European, and international
level. It also funds technological
innovation, technology transfer, and
partnerships between research teams
from the public and private sectors,
in addition to strengthening dialogue
between science and society.

The ANR also serves as the main
operator of the France 2030 Investment
Plan in higher education and research.
France 2030 supports excellence and
transformations in higher education,
research, training, and innovation
within priority sectors. The Agency
selects, funds, and monitors projects in
connection with these objectives.

The ANR is ISO 9001 certified,

and was awarded the «professional
equality» label.
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France 2030

Bringing the future
forward

Announced in 2021 by the French
President, France 2030 is a major
plan for industrial decarbonisation,
investment, and innovation in priority
areas driving growth. With a total
budget of €54 billion, of which the ANR
manages over €9 billion in the field
of higher education and research, it
furthers the commitments made as
part of the Investments for the Future
Programmes (PIAs) established in 2010.

Through support for the
transformation of the research and
higher education ecosystem as well
as long-term funding for ambitious
research programmes and projects,
France 2030 aims to improve French life
by 2030, in order to live better, produce
better, and to better understand the
world.

To address these challenges, the
actions implemented by the Agency
cover a wide range of research areas
with countless future and potential
applications (decarbonisation, artificial
intelligence, personalised medicine,
healthy and sustainable food, training
for emerging professions, university
restructuring, seafloor and space
exploration, mental health, cultural and
creative industries, high-performance
sport, etc.).
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