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Welcome to the 95th edition of the ITF Coaching & Sport
Science Review, the inaugural issue of 2025, celebrating 33
years of publication. This issue offers a wide array of articles
on different topics, such as exploring the relationships between
parents and coaches in youth tennis, strategies for mental skills
and tools, assessing the benefits of modified tennis for adult
beginners, a framework for evaluating player competencies,
integrating English and tennis in primary education, the impact
of neuromuscular fatigue on leg explosive strength, specialized
strengthening techniques for tennis players, participation in
masters tennis by Turkish women, and the validation of the ITF
WTN on-court assessment.

In this editorial we will highlight several relevant initiatives that
the ITF is implementing to facilitate the delivery of efficient
tennis development programmes globally. These initiatives
include the ITF World Coaches Conference, coaches' education
system and national tennis centre recognitions, Advantage All
events, ITF World Tennis Number updates, the Grand Slam Player
Development Programme and the ITF Touring teams.

LITHUANIA TO HOST THE 2025 ITF WORLD COACHES
CONFERENCE

The 2025 ITF World Coaches Conference - the showpiece event
of the ITF's Coach Education Programme - will take place in
Lithuania from 29-31 October 2025. The biennial event, which
will be held at the SEB Arena in Vilnius, is being organized by
the ITF in conjunction with the national tennis association
and a regional tennis organization. The three-day in-person
conference, which regularly attracts more than 600 coaches
and speakers from over 90 nations around the world, will bring
together leading international experts in coach education,
player performance, and sport science. This event will follow
the success of the last ITF World Coaches Conference held in
Colombia (Santilli & Crespo, 2023a).

Global tennis development, growing the game, and bettering the
sport for future generations is an integral purpose of the ITF, and
education is a key pillar of the ITF’s development strategy. The
ITF’s mission is to raise standards across the board and ensure a
global footprint of top-quality coaching around the world, which
is why the ITF World Coaches Conference is such a significant
event. This is another key event offered by the ITF to engage
coaches in continuous professional development and education
(Hannays, 2020).
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The experts at the conference will present on the latest
developments in their fields through a series of practical on-court
demonstrations and off-court presentations. The presentations
will be delivered in English only. Speakers at past events have
included Grand Slam champions, touring coaches, and tennis
specialists. These experts have shared their knowledge and
experience with those in attendance. Registration and details
of the 2025 ITF WCC are available at the official event website,
which can be accessed here.

Returning to Europe for the first time since the 2017 edition,
Lithuania has demonstrated an outstanding commitment to
tennis development over the years. Their success in cultivating
players and coaches and hosting competitions aligns with the
ITF's strategic focus on player development, participation, and
education. The ITF has acknowledged Lithuania's tireless efforts
to elevate their tennis standards, and hosting the ITF World
Coaches Conference is a testament to these efforts. The ITF
Global Tennis Report 2024 (ITF, 2024a) highlights Lithuania's
impressive growth in the number of players and coaches,
with a notable increase in female engagement since 2019.
These successes in participation, education, long-term player
development, and organizing top-tier major events showcase
their ongoing commitment to advancing tennis in the country.
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The Lithuania Tennis Association has expressed happiness and
pride in being chosen as the host for such an important event as
the ITF World Coaches Conference.

As it is the case for the previous ITF World Coaches Conference,
the videos of the presentations will be uploaded in the ITF
Academy (ITF, 2024).

ITF'S RECOGNITION OF COACH EDUCATION SYSTEMS OF
NATIONAL ASSOCIATIONS

The aim of the ITF's Recognition of Coach Education Systems
program is to ensure that the coach education being conducted
in our member countries meets minimum standards (ITF, 2025c).

ITF recognition is based on criteria and minimum standards for
coach education that were established by the ITF Task Force on
Coach Education and subsequently approved by the ITF Coaches’
Commission and the ITF Board of Directors (Crespo & van de
Braam, 2011). To be recognized by the ITF's Recognition of
Coach Education Systems, nations must meet specific criteria
across four levels: Gold, Silver, Bronze, and White. These
criteria include having a dedicated coach education department,
qualified directors and tutors, and following ITF-approved
syllabi with specified minimum contact hours. Nations must also
provide supporting materials in the national language, maintain a
register of certified coaches, and ensure continuous professional
development through workshops and mandatory ITF Academy
membership. Higher levels of recognition require more advanced
coaching programs, access to sports science expertise, and
evidence of a licensing program for coaches. Regular tutor
training and adherence to ITF standards are essential for all levels
(ITF, 2025a).

Countries must provide the ITF with specific information in
advance, and then an ITF assessor conducts a 2-day visit to
the country in question. During this visit, the Director of Coach
Education can explain the system they have in place and can
demonstrate all the resources and learning tools used in their
program. As of 5 March 2025, countries recognized at the Gold
Level include 18 nations from Europe, 4 from the Americas, and
1 from Africa, totalling 23 countries. At the Silver Level, there are
4 countries from Europe, 4 from Asia, 1 from Oceania, and 1 from
the Americas, making a total of 10 countries. The Bronze Level
includes 5 countries from Europe, 10 from Asia, 1 from Oceania,
1 from Africa, and 7 from the Americas, totalling 24 countries.
Finally, the White Level features 7 countries from Africa, 17 from
Asia, and 2 from the Americas, totalling 26 countries. In total,
there are 83 countries recognized across all levels.

ADVANTAGE ALL WEBINAR ON WOMEN IN COACHING

During an officiating seminar at the Paris 2024 Olympic Games,
ITF President David Haggerty emphasized the need for more
female coaches to address the imbalance between girls and
boys turning professional. He highlighted that increasing the
number of women coaches would encourage more girls to stay
in the sport and pursue their dreams. The 2024 Global Tennis
Report showed progress, with the percentage of female coaches
rising to 24.3% from 20.6% in 2019, marking a significant step
towards equitable representation in leadership roles. Despite
this progress, the ITF remains committed to advancing gender
equality and creating a more inclusive future for tennis globally
(Masunga & Ancalmo, 2024).
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The first ITF Advantage All webinar of 2025 focused on women in
coaching, particularly in Oceania, featuring representatives from
Tennis Australia, Tennis New Zealand, and the Solomon Islands
Tennis Association. The webinar discussed various initiatives
aimed at increasing the number of women coaches at different
levels. For instance, Tennis Australia reported a record 1138
women coaches, a 55% increase over five years, with efforts to
elevate more women to high-performance coaching roles. Tennis
New Zealand highlighted the impact of the Wahine Scholarship
and the importance of mentors in converting volunteer coaches
to professional ranks in line with previous studies (Johnston et
al.,, 2022). The Solomon Islands Tennis Association shared their
approach to supporting young female players and increasing
female participation through coach education.

The ITF Advantage All initiative, part of the ITF's gender equality
strategy, aims to develop tennis as an equal advantage sport,
empowering women and girls to reach their full potential. The
initiative includes the ITF Advantage All Reward & Recognition
Programme, which acknowledges gender equality efforts by
member nations that enhance women's participation in tennis
through coaching, officiating, and leadership roles (ITF, 2024c).
The webinar, titled ‘Empowering Women Coaches and Achieving
Gender Equality in Oceania Tennis, is available on the ITF
Academy and serves as a valuable resource for those interested
in promoting gender equality in tennis.

ITF'S NATIONAL TRAINING CENTRE RECOGNITION
PROGRAMME

The International Tennis Federation (ITF) is dedicated to
advancing global tennis development, focusing on performance,
participation, education, facilities, events, and administration &
resources. Since 2017, the ITF has invested over $50 million in
these areas, aiming to enhance the sport for future generations
(Santilli & Crespo, 2023b). A significant part of this effort involves
supporting under-resourced tennis nations, and the ITF's
National Training Centre Recognition Programme is a universal
initiative designed to raise standards globally.

In 2018, the ITF established criteria for National Training Centres,
recognizing them at Gold, Silver, Bronze, or White levels. This
accreditation aims to elevate standards in facilities, coaching, and
training, fostering the growth and prosperity of tennis worldwide.
By the end of 2023, seven nations had their facilities recognized
through this programme, including France, USA, Great Britain,
Colombia, Lithuania, Hong Kong, and Qatar. As of early 2025,
22 nations have achieved recognition, with the ITF striving to
increase this number and improve facility standards globally (ITF,
2024b).

During 2024, 15 additional nations were recognized, with
Canada, Netherlands, and Switzerland achieving Gold-level
recognition, Tunisia receiving Bronze-level recognition, and 11
other centres awarded White recognition. This demonstrates
progress not only in major tennis-playing nations but also in
smaller countries. Mauritius, for instance, became the first
African nation to have its National Training Centre recognized,
earning the ITF Development Award in April.

The programme's objectives are assisting more players and
providing quality training environments. The growth achieved in
2024, both in the number of recognized facilities and ongoing
applications, has been promising. The ITF aims to establish
a global network of training centres by 2028 that nations can
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be proud of, supporting player and coach development to the
highest standards.

Applicant nations to the ITF's National Training Centre
Recognition Programme must provide documentary evidence
and undergo reviews to ensure systems and procedures are in
place across six areas: facilities and equipment, management,
integrity, coaching team, sports science & medicine, and player
programmes. The ITF also supports developing tennis nations
through Facility Grants, visits from Development Officers and
experts, and ITF-approved materials for running effective
National Training Centres. National Associations interested
in the programme can seek further information from the ITF's
Development Officer for their region.

ITF'S WORLD TENNIS NUMBER (WTN)

The ITF's WTN rating will become one of the singles acceptance
criteria for ITF World Tennis Tour events from next month. It
will become the third measure of acceptance into tournaments,
used after all players with a WTA/ATP Singles Ranking and an ITF
World Tennis Ranking have been accepted.

The first tournaments implementing the updated criteria will take
place in the week of 21 April 2025. This change will therefore
apply to any entry deadline on or after 3 April.

The order of singles acceptance criteria for ITF World Tennis Tour
events will be:

e Players with a WTA (women) or ATP (men) Singles
Ranking

e Players with an ITF World Tennis Ranking

e Players with a verified singles ITF World Tennis Number
e Players with a Top 500 National Ranking

e Unranked players

The WTN is a global rating system that forms a key part of the
ITF’s global digital strategy (ITF, 2025b). It was developed by the
global governing body in collaboration with National Associations.
It provides a dynamic and accurate measure of a player’s current
playing ability, recognizing and rewarding performance at both
national and international levels. This innovative rating system
has received considerable attention from researchers since its
launch (Im & Lee, 2023; Krall et al., 2024).

For entry into ITF World Tennis Tour tournaments, a player
must hold a verified singles WTN. “Verified” corresponds to
a confidence level of 70% or higher, meaning that sufficient
results data has been recorded for an accurate rating. A player’s
WTN as of the Monday before the entry deadline will be used
(where necessary) for acceptance purposes (WTNs are updated
weekly). WTNs will be applied to two decimal places (e.g. 16.49
is better than 16.50). WTN will not initially be used for doubles
acceptance or for seeding purposes.

The ITF World Tennis Tour is the main artery that delivers players
to the top of the game, providing a sustainable pathway for
current and future generations of female and male talent to fulfil
their potential. Tournament results contribute to WTA and ATP
rankings, helping players progress to higher-level competitions
on the WTA Tour, ATP Tour, and at the Grand Slams. The
introduction of WTN as an acceptance method into the World
Tennis Tour will enhance accessibility to the professional player
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pathway. The World Tennis Tour is usually the first step in the
professional careers of players. This update aligns with the ITF’s
commitment to improve competitive opportunities for players on
a global scale based on skill and performance. The introduction of
the WTN as part of the ITF World Tennis Tour Singles Acceptance
Criteria reinforces its value as a consistent and accurate measure
of playing ability, already trusted in ITF World Tennis Tour Juniors
and ITF Masters Tours. The WTN is a central component not only
of the ITF’s mission to enhance the competitive pathway and
increase global recreational participation, but also of ITF’s digital
strategy, with a vision to create the biggest, most thriving, and
passionate online tennis community in the world. Therefore, the
use of the WTN as the third acceptance criteria for WTT events
moving forward promotes an accessible and transparent pathway
for players seeking professional tennis opportunities.

GRAND SLAM PLAYER DEVELOPMENT PROGRAMME

For the 2025 season, 56 junior and professional players will
benefit from Grand Slam Player Grants, courtesy of the Grand
Slam Player Development Programme. This initiative, established
in 1986 by the four Grand Slam tournaments in collaboration with
the ITF, aims to provide players from developing tennis nations
and regions with enhanced access to international competitive
pathways, including the Grand Slams. Since its inception, the
programme has contributed over US$62 million to bolster player
development globally.

The programme's influence is evident, with 61 former and current
grant recipients—31 men and 26 women—participating in the
Australian Open's singles competitions this year. This support
underscores the programme's role in nurturing emerging talent
and facilitating their progression to higher levels of competition.

Two players will receive grants of $50,000 each to assist with
their competition-related expenses, while 45 players will receive
$25,000 each, and nine players will receive $12,500 each.
Administered by the ITF on behalf of the Grand Slams, the GSPDP
oversees all aspects of the programme, including the nomination
of grant recipients. Eligibility for these grants is based on age,
gender, and ranking, with junior grants available to girls aged 14-
17 and boys aged 15-18, and professional grants open to women
aged 18-21 and men aged 19-22.

In 2024, five recipients of the GSPDP grants achieved Top
100 rankings, highlighting the programme's effectiveness
in supporting emerging talent. The Grand Slam Board
expressed pride in investing in these players' development and
congratulated the 2025 grant recipients. The ITF President
emphasized the importance of this initiative in the ITF’s long-
term player development strategy, which aims to create
opportunities and provide support for athletes. By collaborating
with the Grand Slam tournaments, the programme helps advance
the global growth of tennis and ensures that emerging talents
have the platform to realize their full potential. The continued
success of former and current grant recipients in premier events
underscores the programme's impact on shaping the future of
tennis.

ITF TOURING TEAM

Each year, the ITF invites groups of talented young players from
less-developed tennis nations to join the Grand Slam Player
Development Programme/ITF Touring Teams. These players,
all aged 18 and under, embark on meticulously planned tours
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where they receive guidance from high-performance coaches
and compete in events beyond their home regions. This initiative,
funded by the Grand Slam Player Development Programme and
managed by the ITF, provides opportunities that these players
might not otherwise have, allowing them to compete at a high
level.

The Touring Team programme, which began in 1987 with the
support of the four Grand Slams, aims to expose players from
developing tennis nations to the world's top junior tournaments
(Molina, 2017). This initiative is crucial for player development
both on and off the court, helping young athletes transition to the
professional game. In 2025, the Touring Team will travel globally,
participating in ITF World Tennis Tour events, under-18 junior
competitions, and top-level under-14 regional and international
events.

In January, the Touring Team was in Australia, featuring players
such as Oskari Paldanius, William Vinciguerra, Kriish Tyagi, Karim
Bennani, Mika Buchnik, Elizara Yaneva, Rositsa Dencheva, and
Teodora Kostovic. Coaches Roberta Burzagli and Will Hann are
leading the team. Their schedule included a training camp in
Traralgon, competition at J300 Traralgon, and participation in the
Australian Open Junior Championships.

Many players who have been part of the Touring Teams have
gone on to achieve significant success, with several reaching the
Top 50 in ATP and WTA rankings. Notable alumni include Zhang
Shuai, Sorana Cirstea, Victoria Azarenka, Simona Halep, Ons
Jabeur, Grigor Dimitrov, and Sebastian Baez. This programme
continues to play a vital role in developing future tennis stars and
providing them with the platform to excel on the global stage.

We trust you have found this editorial insightful. It aims to
showcase some of the initiatives the ITF is undertaking to
promote tennis globally.

We also invite new submissions to the ITF CSSR via the platform.
Our gratitude goes out to all the authors for their contributions
and to everyone who submitted proposals. Detailed guidelines for
article acceptance and publication are available on the platform
and the latest issue page of the ITF Academy. We hope you enjoy
this final edition of the ITF Coaching and Sport Science Review.

International Tennis Federation
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Interpersonal relationships between athletes and their parents and coaches is triad

an important factor in the success of youth sport programmes. Despite growing Received: 1 September 2024
evidence in the parent-coach stress literature, there remains a lack of research which Accepted: 23 October 2024

investigates parent-coach relationships. Therefore, a three-part research series was
conducted to better understand how these relationships function within the parent-
athlete-coach (PAC) triad in youth tennis. Study one employed a collective case study
design and utilised pre-interview tasks, semi-structured interviews and conversational
threads to collect data from nine PAC triads in three developmental stages. Study
two surveyed 284 tennis parents to examine how the responsiveness and quality
of parent-coach relationships mediated the association between four behavioural
characteristics and parents’ basic psychological needs satisfaction (BPNS) in the PAC
triad. Finally, a five-phase action research study with three PAC triads was conducted
to investigate how parent-coach relationships can be improved. Collectively, the
findings highlighted the importance of specific parent-coach relationship qualities
and behaviours within the functioning of the triad and stakeholders’ experiences in
youth tennis. Recommendations for practice are provided in relation to these findings.

Corresponding author: Ella F.
Tagliavini, e.tagliavini@ucfb.ac.uk

INTRODUCTION AND LITERATURE REVIEW

It is widely known that youth sport can offer young people
many physical, psychological, social and developmental
benefits. Nevertheless, sport can also be a stressful and
highly demanding environment. What type of experiences
young athletes have is dependent upon numerous factors
but perhaps one of the most important is the relationships
they have with their parents and coaches. For example, high-
quality coach-athlete relationships can improve participation
retention, enjoyment levels and motivation (e.g., Jowett &
Nezlek, 2012). On the other hand, parent-athlete relationships
built on unconditional support rather than outcomes and
performance levels are critical to athletes’ development
and success (e.g., Dohme et al., 2020). Such relationships
have been found to be even more important to athletes in
individual sports such as tennis (Rhind et al., 2012).

by Gould and colleagues (2006; 2008; 2016) in youth tennis
found parents were a salient stressor on the experiences of
coaches. Coaches particularly disliked parents who became
over-involved, emphasised inappropriate goals and were too
performance oriented. From parents’ perspectives, Harwood

(e.g., Hellstedt, 1987). In response to these claims, research and Knight (2009a; 2009b) found that tennis parents

Despite the recognition and empirical attention sporting
relationships have received, the relationship between parents
and coaches has been less researched. This is surprising
given how long applied researchers and practitioners have
argued their importance within youth sport programmes

experienced coach-related stressors which included coaches
who failed to commit to them and their athlete, provided
insufficient advice and failed to attend their child’s matches.

in this area has grown in recent years. Initial research in
this area investigated the ways parents and coaches may
impact the stress of the other. A notable series of studies
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Although these studies provided novel insights into the ways
tennis parents and coaches perceive each other’s involvement,
these studies did not investigate the specific interdependent
processes that exist between these stakeholders, nor
did they explore the positive ways parents and coaches
work together. Therefore, in an attempt to address these
limitations, more recent research has been conducted both
in tennis (i.e., Horne et al., 2020; 2022) and across other
sports (i.e., Wall et al., 2019; O’Donnell et al., 2022; Preston
et al., 2020). For example, Horne et al. (2020) found tennis
parents and coaches experienced limited communication
despite them emphasising the importance of frequent,
honest communication. The authors also found that parent-
coach relationships were marked with a lack of trust and
goal congruence with the authors even stating that coaches
experienced trepidation about engaging with parents. Horne
et al. (2022) further found that parents and coaches were
misaligned in the ways they viewed youth tennis programmes
which had the potential to limit collaboration; promisingly,
however, both stakeholders valued shared responsibility for
athletic development.

Overall, it is encouraging to see researchers focussing more
on parent-coach relationships. Collectively, this research
has provided a greater understanding of the ways in which
parents and coaches work with or against each other as well
as the types of processes that may underpin more positive
definitions of these relationships - an area that has been
historically dominated by negative narratives and accounts
(e.g., Omli & LaVoi, 2009). Nevertheless, further research is
required to deepen our understanding of knowledge in this
area by addressing key limitations. From a methodological
perspective, a limited number of studies have utilised parents
and coaches from the same relationships. This is important to
address because utilising multiple stakeholder perspectives
from different relationships limits our understanding of the
specific relational processes that exist between people (see
Poczwardowski et al., 2006). Additionally, an even smaller
number of publications have contextualised the parent-coach
relationship within the parent-athlete-coach (PAC) triad or
taken a developmental approach. Therefore, utilising athletes’
perspectives of parent-coach relationships as well asidentifying
the way in which these relationships operate within larger
social systems across sporting pathways can provide a more
contextually relevant understanding of these relationships.
This is particularly important given that parental involvement,
expectations and developmental goals can change as athletes
transition into investment stages (Lauer et al., 2010). Finally,
given the theoretical and conceptual richness of relationship
science both inside (see Sheridan et al., 2014) and outside
of sport (see Finkel et al., 2017), it seems reasonable to also
suggest parent-coach research could benefit from employing
such frameworks in a similar way.

A THREE-PART RESEARCH SERIES

To examine the nature of parent-coach relationships in
youth tennis more closely, a research series consisting of
three studies was conducted. Study one aimed to address a
lack of research which has examined parent-athlete-coach
(PAC) triads across the youth tennis pathway. Therefore, the
following research question was developed: ‘What do the
perceptions of PAC tell us about the relational processes that
underpin triadic functioning across developmental stages
within British youth tennis?

International Tennis Federation

The second study sought to explore parents’ perceptions of
their relationships with their child's coach. Specifically, the
study investigated whether the quality (3Cs; Jowett, 2007)
and responsiveness (Reis & Clark, 2013) of the parent-
coach relationship mediated the association between four
behavioural characteristics and parents’ basic psychological
needs satisfaction (BPNS; Ryan & Deci, 2002) in the PAC
triad.

Building on the findings from the first two studies in the
series and underpinned by working alliance (WA) theory
(Bordin, 1979), the final study examined how tennis parents
and coaches build strong alliances (defined by bond, tasks
and goals) with each other. Therefore, the following question
was generated: ‘How can the WA be used to understand and
improve parent-coach relationships in British youth tennis?’.

STUDY ONE

Method

A collective case study design was used which consisted
of nine PAC triads across the U10s, U12s and U18s tennis
development stages. However, triad one included two athletes
whilst triad three consisted of two coaches resulting in a
final sample of 29 participants (10 athletes, 10 coaches and
9 mothers). Each participant participated in a pre-interview
task which asked them to provide a visual description of how
their triad functioned. Participants also attended individual
semi-structured interviews which lasted, on average, 70
minutes for parents and coaches and 50 minutes for athletes.
Finally, conversational threads (i.e., WhatsApp messages
and emails) were provided from each triad which depicted
the conversational history between triad members during
the three months prior to the start of the study. Abductive
reflexive thematic analysis (TA; Braun & Clarke, 2019) was
used to analyse the data to create a rich and detailed account
of participants’ experiences.

Results

Foundations of Relationship Quality

PACs frequently spoke about the importance of a number of
qualities that underpinned their relationships within the triad.
First, commitment reflected participants’ intentions to invest
in each other. For triads to function particularly well, however,
participants highlighted the need to care for each other as
people and not just as stakeholders. Next, trust was defined
by whether participants had faith in each other’s abilities
to execute their responsibilities whilst respect described
PACs’ appreciation and receptiveness to each member’s
contributions to the triad. Finally, triadic functioning was also
underpinned by the emotional proximity between parents
and coaches. This was particularly important for younger-
stage triads as it created opportunities for other relationships
to develop.

Factors Enabling Team Effectiveness

Alongside specific qualities, certain factors also underpinned
how well the PAC triad functioned. Realistic and shared
goals that centred around athletes’ development rather than
rankings or match results facilitated positive functioning as
it provided direction and created a mutual purpose amongst
members of the triad. Additionally, collaboration was fostered
when each member had clear roles but adjusted these roles
to the needs and circumstances of the triad. For example,
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because coaches were often absent from tournaments,
parents were given more license to support athletes during
tournaments and feedback relevant information to coaches.
Another factor centred around providing support. Parents
and coaches were the main support-providers to athletes and
each other in the triad. This was operationalised, for example,
offering emotional encouragement (i.e., parent support) or
providing guidance and advice regarding tournament selection
(i.e., coach support). Finally, participants spoke about the
importance of being open to receiving and offering role-
specific communication. Most communication occurred on a
dyadic level due to practical issues but there were instances
where participants highlighted the need to bring athletes into
the conversation. This communication allowed participants
to demonstrate honesty, openness and appreciation as well
as allowed the triad to make decisions together. As athletes
became older, they took more control for communicating
their reflections and feelings with parents and coaches.

STUDY TWO

Method

An online questionnaire was deployed to youth tennis parents
both inside and outside the UK. The questionnaire had a
completion rate of 37.77% resulting in a final international
sample of 284 parents (114 males and 170 females, Mage
= 47.13, SD = 5.50). On average, parents had seven years of
experience as a tennis parent and the average age of their
child-athletes was 12.43 years. The questionnaire underwent
an extensive review and validation process by an expert panel
consisting of two external senior academics, one member of a
tennis national governing body and three tennis parents. As a
result and using the current coach of their child, parents were
asked to rate how responsive and high-quality their parent-
coach relationships were. Parents were also asked to rate how
supportive, invested, collaborative and communicative they
felt they and their child’s coach were with each other, as well
as how psychologically satisfied (i.e., BPNS) they were in their
PAC triad. Responses to all measures were recorded using
seven-point Likert scales (i.e., 1 = Not at all true or Strongly
disagree to 7 = Completely true, Strongly agree or Very true).

Results

Initial analysis of the data suggested that parents perceived
moderate to high levels of support, investment, collaboration
and communication in their relationships with coaches
(Mrange = 5.09 to 5.42). On average, parents perceived their
parent-coach relationships to be moderately responsive (M =
5.26) and high in quality (M = 6.23), whilst they were satisfied
within their PAC triads (M = 5.51). Correlational analysis
further revealed significant, positive correlations between
the four behavioural characteristics and responsiveness,
relationship quality and BPNS (r = .70 to .83). Additionally,
responsiveness, relationship quality and BPNS were also
significantly and positively correlated with each other (r = .74
to .77).

A two-step structural equation modelling procedure was
used to further analyse the mediation and moderation
associations between the variables in this study. As a result,
the findings showed that support (B = .50) and investment (B
= .48) positively predicted responsiveness (R2 = .88) which, in
turn, positively predicted BPNS (B = .84; R2 = .71). However,
collaboration (B = -.14) and communication (B =.12) were both
insignificant. Therefore, whilst responsiveness was found
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to be a significant and direct predictor of parents’ BPNS,
responsiveness also served as a mediator between support
and investment with BPNS. Next, support, investment and
communication positively predicted relationship quality (B
= .17 to .60; R2 = .72), whilst collaboration unexpectedly
showed a significant negative effect (B = -.29). In turn,
relationship quality positively predicted BPNS (B = .79; R2 =
.62). Relationship quality also served as a significant mediator
between all four behavioural characteristics and parents’
BPNS in the triad. Finally, multigroup analyses revealed
invariance in these findings across parents of athletes in
younger (<12 years) and older (>13 years) age groups.

STUDY THREE

Method

To examine how parents and coaches build and maintain
relationships with each other, a 6-month action research
design was employed consisting of three PAC triads. Triad one
was comprised of 37-year-old Natalie, a school teacher who
was the mother of 9-year-old Beverly, and Elliot, a 25-year-
old LTA senior performance (Level 4) tennis coach. Natalie
and Elliot believed Beverly was going through a significant
transition within tennis which included playing in more
competitive level tournaments (i.e., national) and older age
groups. Triad two was formed by Henry who was a 10-year-
old tennis player, James who was Henry'’s father and had five
years of experience as a tennis parent, and finally, Katherine
who was a 39-year-old Level 4 performance coach. Overall,
the triad had been together for four months prior to the start
of the study. Finally, triad three consisted of 15-year-old
Sienna who was a top-50 UK tennis player. Both her parents,
Nathan (father and primary parent) and Rebecca (mother and
secondary parent), participated in the study and had limited
experience of tennis. The final member of this triad was
Sam who had been Sienna’s coach for 18 months and was a
35-year-old senior performance coach (Level 4) with 18 years
of tennis coaching and 28 years of playing experience.

Following full institutional approval, members of each triad
were provided with a research handbook and were asked to
participate in five phases. Phase one required members of the
triad to individually participate in an online pre-intervention
semi-structured interview to discuss the nature of their triad
and parent-coach relationships. Parents and coaches were
then asked to individually complete a series of three modules.
Each module was accompanied by a research workbook
and a pre-recorded presentation. Module one introduced
participants to knowledge of parent-coach relationship in
youth sport. Module two required participants to critically
reflect and self-assess the behaviours and qualities in their
parent-coach relationship, whilst module three then asked
participants to use these self-assessments to set SMART
and behaviourally relevant tasks and goals which they could
action during the subsequent phases of the study.

Phases two, three and four spanned across a three-month
period and required parents and coaches to meet in three
formal meetings. The purpose of these meetings was for
parents and coaches to jointly agree and set specific tasks
and goals that they believed would improve their relationship
with each other. Formal meeting (FM) one was chaired by the
lead researcher but an agenda was provided to participants
to allow them to lead FMs two and three themselves.
Parents and coaches were also asked to provide weekly
audio diaries to the lead researcher. These diaries were not
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shared with participants but were used to generate ‘live’ data
on participants’ experiences within their triad. Additionally,
a reflexive diary and research log was used by the lead
researcher to keep an account of developing codes and
themes from the data.

Finally, phase five followed a similar process to phase one in
that PACs were asked to participate in a post-intervention
semi-structured interview following the completion of the
final FM. This was an opportunity for participants to reflect
on any changes that occurred within their relationships and
triad. Data from phases one and five were analysed using
reflexive TA whilst data from phases two, three and four were
analysed using case-specific descriptions. This was used
to help identify the idiosyncratic nature and execution of
participants’ goals and tasks and the conversational processes
of reflection, negotiation and action that ensued as a result.

Results

The Cognitive and Affective Bond Between Parents and
Coaches

Two triads agreed that their parent-coach relationship had
improved as a result of the study. Specifically, Nathan (Parent)
and Sam (Coach) in triad three emphasised that they felt more
comfortable being open and honest with each other, whilst
James (Parent) and Katherine (Coach) in triad two agreed that
there was a greater sense of trust and respect between them
- something they felt might have taken longer to develop
if they had not had the opportunity to identify, discuss and
modify their behaviours and goals for each other and their
relationship. Whilst Natalie (Parent) and Elliot (Coach) did not
share any specific improvements to their relationship, they
did express a greater sense of appreciation for each other and
their relationship. This was because they found it relatively
easy to identify and categorise the positive behaviours they
engaged in with each other and how much ‘they got right’.

Fulfilment in the Lives of Parents, Athletes and Coaches

Participants, including athletes, believed that they had
experienced improvements in their lives both inside and
outside of tennis. In triad three particularly, Nathan (Parent)
found himself with more time for work and his wider family
life, whilst Sam (Coach) had more energy and time to invest
in his own personal hobbies and interests. For athletes,
Sienna (T3) spoke about the improvements she had made in
school because of the changes Nathan, Rebecca and Sam had
made to her schedule, whilst Henry (T2) experienced greater
enjoyment and performance levels as a result of Katherine's
(Coach, T2) and James’ (Parent, T2) collaboration.

Stronger Interpersonal Connections in the Triad

Participants also discussed improvements to the relationships
they had with each other in the triad more broadly. Notably,
Natalie (Parent, T1) and Beverly (Athlete, T1) felt that
they were able to bond more because Natalie had greater
competence and confidence to discuss tennis-specific topics
with her daughter. Additionally, Sienna (Athlete, T3) and
Sam (Coach, T3) felt that their coach-athlete relationship
had become closer and started to feel more like a friendship
because of the extra energy and enthusiasm Sam had for his
court sessions with Sienna. Finally, changes to the triad as a
whole were discussed. Specifically, participants explained a
greater shift towards shared decision making processes and
more productive conversations that allowed them to resolve
differences and move forward together.
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The Utility Value of the Intervention

Finally, participants discussed how useful, yet challenging, the
intervention was to their experiences as stakeholdersin tennis.
Participants felt that the research workbook and handbook
were helpful resources which allowed them to reflect and
assess their relationships and progress. Additionally, having
four specific behavioural characteristics to categorise their
behaviours and goals in addition to more formal opportunities
to jointly discuss these was considered to be useful for their
current relationships, as well as to manage any future issues
should they arise. Nevertheless, participants spoke about
the difficulties they faced when trying to critically appraise
their relationships in this way as well as the time required to
meet formally. This was particularly difficult because of the
stringent time constraints participants had with their existing
work, personal and tennis commitments.

DISCUSSION

Overall, the aims of this research series was to better
understand how parent-coach relationships operate across
the youth tennis pathway. Whilst this section focusses on
the contributions of this research to practice, some key
contributions to theory and the existing body of literature
are important to highlight. From a theoretical standpoint,
the findings provide a greater insight into the interpersonal
structures and dynamics that underpin positive relationship
functioning. By applying existing concepts of responsiveness
and relationship quality, for example, the studies demonstrate
the constructs (e.g., closeness and care) that underpin positive
relationship functioning between parents and coaches.
Likewise, the findings also build upon arguments from system
theorists to demonstrate how this relationship contributes
to a wider network of interpersonal connections (i.e., the
PAC triad). Therefore, it can be argued that parent-coach
relationships not only play an important role in the outcomes
of athletes, but also in the way other interpersonal units
function. Nevertheless, future research which investigates
this evidence and these claims in further depth would make a
positive contribution to this area.

These studies also make important contributions to research
in this area. From a methodological standpoint, two out of
the three studies utilise interindividual sampling to provide
greater clarity of the often implicit relational processes that
exist between parents and coaches. For example, utilising
participants from the same triads generated opportunities
to investigate the way existing constructs such as trust,
commitment and communication are fostered and exchanged
between stakeholders. Moreover, and perhaps most
significantly, the findings highlight the specific behavioural
characteristics that can impact the nature of the parent-
coach relationship. Specifically, the conceptual definitions
of support, investment, collaboration and communication
appear to be important in determining the way parents
and coaches think and feel about each other. By taking a
developmental approach to the studies in this research series,
the findings demonstrate the ways in which these behavioural
characteristics operate and evolve across the youth tennis
pathway.
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Implications for Practice

The findings from this research offers several key implications.
Starting with governing bodies and sporting organisations,
there is a need for educational material to include more
parent-coach relationship content. Current educational
strategies demonstrate promising but a varied degree of
success perhaps due to the brief, online and group-based
methods that make the content more accessible (Thrower et
al., 2023). In tennis more specifically, the recent increase in
formal and informal strategies aimed at parents is encouraging
that has at times, included some minor content on the parent-
coach relationship (e.g., Thrower et al., 2023). Given how
important parents and coaches considered their relationships
to be, adding to the curriculum that encourages parents
and coaches to understand and identify the interpersonal
behaviours that can improve the quality and responsiveness
of their relationships could be significantly valuable.

For practitioners, using conjoint strategies could bring
parents and coaches together. Practitioners may consider
the use of online monthly meetings using a flexible agenda
that encourages these stakeholders to reflect on their
relationships and communicate about their expectations,
goals and actions moving forward. Given misalignment
and conflict in these areas as well as inaccessibility and
unpredictability can cause tension, conflict and detachment
(Horne et al., 2020; Preston et al., 2020), utilising frequent
yet brief interventions may foster more positive feelings
of trust and commitment. Additionally, practitioners may
also consider the use of supplementary resources (such as
workbooks, videos and handbooks) that parents and coaches
can utilise and refer to at their own pace. Indeed, different
variations of interventions and resources that adapt to
preferences and circumstances may ensure strategies engage
as many stakeholders as possible (Newport et al., 2024).

Finally, there are opportunities for parents and coaches
themselves. For example, a common problem highlighted
by stakeholders in these studies and the existing literature
is the issue regarding time. This appears to be a particular
challenge in tennis where coaches are required to be on the
court at the expense of engaging with parents. Therefore,
opportunities to increase both the frequency and quality of
interactions between parents and coaches is important. This
could take the form of parent-coach evenings throughout the
season or dedicating some time in review meetings to discuss
the parent-coach relationship more explicitly. Regardless, it
is important that these stakeholders work to identify and
negotiate the ways they can enact positive and coordinated
behaviours (e.g., support) that work towards mutual goals to
ultimately improve and maintain the bond between them.

CONCLUSION

Overall, this research adds to the ever-growing, vyet
limited, parent-coach relationship literature. Employing
developmental and more complex sampling methods as
well as using existing conceptual frameworks, these studies
demonstrate the specific behaviours, qualities and outcomes
associated with relationship functioning between tennis
parents and coaches in the PAC triad. Such research not only
provides valuable implications for education and practice
within youth tennis, but also offers an important foundation
for future research and practice in youth sport more widely.
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The research findings surrounding psychological, physiological and behavioural benefits
of breathing will be explored, alongside practical coach-friendly recommendations on
how to implement breathing techniques and integrate them into coach led practice.

THE PSYCHOLOGICAL DEMANDS OF TENNIS

Tennis places unique demands on competitive players. Some
of the greatest players of all time have won just 51% of all
points played (O' Shannessy, 2024). Most professional tennis
players ranked between 50 and 100 have lost more matches
than they have won in any given year (ATP, 2024; WTA,; 2024).
The knock-out draw format which is common in competitive
tennis means that social comparison (beating others) takes
precedence over personal bests that exist, for example, in
athletics. This knock-out format also means that just one
person wins each week. Unlike many team sports, there is
low or no coaching support available during live play. Players
must problem solve alone, and the duration of the match can
vary significantly. Junior and entry level professional tennis
players must compete and officiate simultaneously often
navigating incorrect line calls that may cost them matches,
ranking points and prize money. Finally, tennis requires
players to stay composed and actively win a match; you
cannot passively ‘wind down the clock’.

These unique demands should however be seen as a positive
aspect of the game of tennis. They present a rich learning
environment where skills and competencies can be tested
and therefore developed. Controlling emotions, dealing with
pressure, staying focused on the present, committing in the
face of adversity, and problem solving are all skills that can
serve players on a tennis court. Perhaps more importantly,
these traits can also serve as life skills. Coaches can play a
role in supporting the long-term development of these key
mental skills, so that players can both manage and thrive in
the context of these demands whether that is on or off the
court.

DEVELOPING MENTAL SKILLS

As tennis coaches, we are familiar with developing attacking,
rallying and defensive tactical skills. We are also extensively
trained in qualifications to develop effective and efficient
technique for the serve, forehand, backhand and net game.
From a physical perspective it is understood that a blend
of strength, power, flexibility and endurance is needed
for tennis (Reid, Quinn & Crespo, 2003). Less is known
however amongst the coaching community about the skills
that should be developed on the mental side of the game.
There are a range of psychological frameworks that can
aid the development of mental skills for athletes. Self-
determination theory posits that we should develop feelings
of competence, autonomy and relatedness in our players
(Deci & Ryan, 1985). Well known acronyms such as SMART!
and TARGET? can practically guide us on goal setting and
motivation respectively. Whilst these help to underpin some
useful practical interventions, very few frameworks provide
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a broad, practical, and collectively exhaustive ‘road map’ for
developing a player mentally. One framework of particular
utility is the ‘5Cs framework’ (Harwood, Barker & Anderson,
2015). The 5Cs framework focuses on developing psycho-
social skills across five areas; commitment, communication,
concentration, control of emotion, and confidence. This
evidence based and empirically tested model can provide
much needed guidance for the coach. A similar framework has
been adopted by the ITF and is referenced in their psychology
text for coaches (Crespo, Reid & Quinn, 2011).

1= Specific, measurable, agreed, realistic, timed (SMART)

2= task, authority, reward, grouping, evaluation, and timing (TARGET)
(Epstein, 1987)

UTILISING MENTAL TOOLS

Once a coach has a clear understanding of ‘what’ they
are trying to achieve i.e. the 5Cs, the ‘how’ then becomes
important. A useful, practical and simple approach can be to
make use of what the author refers to as ‘mental tools’. When
it comes to the mental tools we can use, there are a range of
them.

e Goal setting: This could be a short-term tactical goal
for the next point, next drill, or a goal for the summer
season. If a player sets a goal (process or outcome) it can
primarily drive commitment.

e Body language: This is our observable behaviour on
court. It can give us an advantage, or our opponent an
advantage if not done well.

e Visualisation: This what takes place in the ‘minds-eye’
(Morris, Spittle & Watt, 2005). Research shows that
positive visualisation can improve performance and it
uses the same parts of the brain as actual practice.

e Self-talk: These are positive words said to oneself
during play. Tennis players can often be very harsh on
themselves. When done well, positive self-talk can
replace negative self-talk which can have an impact on
confidence among other mental skills

e Breathing: Purposefully focusing on and controlling
the pace and way in which we breath to derive positive
physical, mental and performance benefits. Breathing
technique will be the main focus of this article.

e Routines: Routines can be framed as the combination
of all mental tools put together, in combination with
practical and general behaviours like playing with strings,
bouncing the ball, or using a towel to wipe away sweat.
Routines are important because they are always in the
control of the player and provide consistency. In a match
setting when things are uncertain and unknown, routines
bring peace of mind and comfort in an otherwise quite
unsettling environment.

BREATHING: WHAT DOES THE RESEARCH SAY?

Even the greatest players in the world find it difficult to
control their emotions. Post match press conferences are
replete with players describing how they try to stay calm and
challenges they experience managing nerves. For example,
Rafael Nadal in the 2017 US Open Final press conference is
quoted as saying “I was not calm. | was nervous”. Research
by Laborde et al. (2022) reviewed a broad range of previous
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studies that investigated breathing techniques and found
that slow paced breathing (as defined by six or less breaths
per minute) led to improved performance across a range of
sports. Breathing has also been associated with increased
relaxation and alertness as well as reduced arousal, anxiety
and anger (Gocmen et al., 2012). Jimenez & Molina (2017)
found that breathing can result in an improvement in Heart
Rate Variability (HRV) which is widely acknowledged by health
practitioners as a reliable marker of well-being and health.

BREATHING: HOW DOES IT WORK?

Our brain, heart and lungs are connected, and our nervous
system has two branches. One is referred to as ‘fight/flight’
and the other is known as ‘rest/digest’. Slow paced breathing
triggers the ‘rest/digest’ branch of our autonomic nervous
system which can, in the context of stressful competition,
play a positive role to calm a players mental and physical
state. With approximately six minutes of dead time per set
(change-overs) and one hundred seconds of dead time per
game (between points), tennis provides ideal opportunities
for introducing slow paced breathing techniques.

BREATHING: WHAT SHOULD | RECOMMEND TO MY
PLAYERS?

The current literature and research does not provide strong
and overwhelming consensus on the most optimal way to
execute great breathing technique. However, there appears
to be some consensus across four key aspects:

e Six breath cycles or less per minute seems to be required
to see any impact from breathing.

e An inhale to exhale ratio of 1 to 1 is desirable. In
explanation, players should aim to inhale for a similar
length of time as they exhale. Longer exhales and breaks
in between breaths may be preferential but evidence
here is limited.

e Nasal breathing: Itis generally agreed that nasal breathing
is better than mouth breathing. However, if exertion
is high then “in through the nose and out through the
mouth” may be the most practical and balanced solution.

e Belly breathing (or diaphragmatic breathing) should be
employed. Practically, this would see a player expand
their belly to draw breath in as opposed to raising or
tensing shoulders and the upper rib cage. Belly breathing
ensures that the diaphragm is working to pull air into the
lungs.

SUMMARY

Tennis can place significant demands on athletes at all
levels of the game however coaches can support the long-
term development of mental skills and practically make use
of mental tools. Whilst there are many options available,
breathing techniques have been the focus of this article and
have been shown in sport-based research to be a useful
tool that tennis players can use to support regulation and
control of emotions by positively impacting physiology and
psychology. These techniques can be used before, during
and after the match or practice. Slow paced breathing can
be introduced by coaches, alongside a suite of other mental
tools cited in this article. It is important to recognise that any
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In nose, out mouth Belly breath

Figure 1. Practical and evidence-based breathing recommendations for tennis players.

effects require prolonged practice and implementation, just
like any other skill - ‘once off’ interventions have been shown
as ineffective (Laborde et al, 2022). It is also worth noting that
breathing can help to reduce competitive anxiety, however it
is not a ‘silver bullet’. Coaches should consider the broader
environment that is set by parents and significant others, as
well as the motivational climate in training and competition
(see Balaguer, Duda & Crespo, 1999). A final recommendation
would be for coaches to engage and work with appropriately
qualified and accredited sport psychologists to maximise
impact in the area of mental skills development.
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ABSTRACT

Modified tennis for youth has been shown to promote both enjoyment and skill
development for participants (Buszard et al., 2020). However, the role of modified
tennis for adults is not as clear in terms of equipment and curricular focus. The potential
of modified tennis for beginner adult tennis players is important to explore with the
recent growth of pickleball. This study investigated the outcomes and experiences of
adult beginner players who participated in a modified tennis and pickleball program.
Results showed that participants preferred the red felt tennis ball and 23-inch rackets
in modified tennis. Participants had a higher rate of perceived competence for modified
tennis than pickleball. While not significant, participants reported marginally higher
levels of enjoyment, commitment, socialization, and behavioral intention in pickleball.
These results suggested that novices in racket sports may have comparable experiences
in modified tennis and pickleball. This study provides valuable insights and suggestions

for modified tennis programming for adults.

INTRODUCTION

Modified Tennis

Modified tennis has been shown to have a positive impact on
youth participants skill acquisition and engagement (Buszard
et al.,, 2020). This approach is rooted in a constraints-led
approach, which emphasizes the adaptation of individual (athlete
characteristics), environmental (playing conditions), and task
(rules, equipment, playing area)-related constraints to facilitate
learning and skill development through game-like situations. Task
constraints are the simplest to adapt as they can be changed
quickly and deliberately by the coach in the practice setting.
Task constraints can increase or decrease the complexity of
skills through changes made to equipment, rules, and playing
area to meet the developmental needs and skill levels of the
athletes (Hill & Green, 2008). The foundation of the constraints-
led approach is non-linear pedagogy or the belief that learning
is dynamic and content-dependent. Therefore, the constraints-
led approach utilizes game-based conditions where athletes
learn through the dynamic interaction between task, individual,
and environmental constraints. Less emphasis is put on direct
instruction and coaches provide feedback to reinforce skill
learning during gameplay. These types of modifications not only
make sport more accessible but also enhance skill development
and enjoyment, leading to increased motivation and long-term
participation (Buszard et al., 2020). Research in modified youth
sports has established many benefits for players, however limited
research has been conducted with the adult population.

Modified Tennis for Adults

While the benefits of modified tennis equipment and a games-
based approach to learning used within the constraints-led

approach have been evidenced as beneficial for youth players,
such as better skill development and enhanced enjoyment
(Buszard et al., 2020), there is little research on the potential
benefits for adult beginner tennis players. Although various
modified versions of tennis have been developed over the last
few years, such as Touch Tennis in the UK, there is a lack of
empirical studies examining the outcomes and benefits for adult
beginners and identifying the most suitable modifications for this
demographic. One study examined the effects of using lower-
compressed tennis balls on various player outcomes, such as
perceived exertion, enjoyment, mood states, and mental effort,
as well as match characteristics like average strokes per match
and strokes per rally. The findings showed that adult players
who used lower-compressed balls experienced longer rallies,
enhanced mood, reduced perceived exertion, greater enjoyment,
and increased time spent on strokes (Kilit et al., 2024).
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There is also a lack of research on the impact of a games-based
approach to learning for adult beginner tennis players. Tactical-
game centered approaches in sports utilize games as the primary
context for players to acquire tactical, technical, and strategic
skills through problem-solving (Alaoui et al, 2018). This approach
contrasts with the traditional method of teaching tennis, which
relies on a technical approach that emphasizes skill drill practice
focused on the replication and repetition of specific techniques.
Research with youth players has shown improvements in both
skill performance and tactical understanding of the sport, as
well as higher levels of fun and enjoyment (Alaoui et al., 2018).
With adult participants, one study by Hublin et al. (2021) found
that players who learned through a games-based approach
showed significantly higher precision in cross-court forehands,
better balance during strokes, and a higher perceived forehand
performance compared to those taught using traditional methods.
However, this study utilized standard tennis equipment. To date,
no research has explored the combined effects of using both
modified tennis equipment and a games-based approach for
adult beginner players.

Market Trends and Competitive Forces in Racket Sports

The global racket sports market is expanding rapidly, led by
traditional sports like tennis and badminton, with the notable
rise of pickleball. Each sport appeals to different regions and
consumer segments. This growth is driven by increased health
awareness, better accessibility, and broad appeal across age
groups, signaling continued market expansion.

Pickleball's recent growth has been particularly notable,
especially in the United States, where its popularity among adult
beginner tennis players is of increasing interest. Recognized as
one of the fastest-growing sports in the country, pickleball has
seen participation from 36.5 million people in the past year,
with approximately 8.9 million core players, according to USA
Pickleball and the Sports and Fitness Industry Association (SFIA,
2023). Additionally, around 130 new pickleball locations are
being established monthly across the U.S., with the 18-34 age
group representing the largest demographic of players.

Pickleball shares some similarities with tennis, such as using a
court, net, and a similar game objective, but it differs by utilizing
a paddle, a wiffleball, and minimal overhead swing patterns.
Compared to other racket sports, pickleball is increasingly
popular among adults due to its smaller court, slower ball, and
predominance of underhand strokes, which reduce strain on the
elbow and shoulder. It also offers accessible exercise with lower
injury risk and fosters social interaction through its competitive
nature, which players can quickly engage in after learning
(Stroesser et al., 2024). In contrast, tennis requires more complex
movement and stroke patterns, is played with a heavier, faster
ball on a larger court, and has a steeper learning curve, which can
reduce social engagement opportunities for beginners.

Tennis faces the challenge of becoming more accessible, much
like pickleball, by lowering entry barriers for prospective players
and enhancing the overall enjoyment of the sport and its training
process. This approach is essential for tennis to maintain its
competitive advantage in the racket sports industry. One potential
option is to offer a modified version of tennis to adult beginner
tennis players that utilizes modified equipment to promote
skill learning and enjoyment. Thus, this study investigated the
outcomes and experiences of adult beginners who participated
in modified tennis and pickleball programs. Specifically, this study
compared participants' perceptions and experiences of modified
tennis (i.e., ball type, racket size, and course size) as well as
those between modified tennis and pickleball, using enjoyment,
commitment, perceived exertion, competence, socialization,
perceived fit with traditional tennis, and behavioral intention.
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Purpose

This study aimed to understand the outcomes and experiences of
adult beginners who completed a 6-8-week racket sport course
featuring both tennis and pickleball. It specifically compared
participants' perceptions and experiences of modified tennis
(informed by a constraints-led approach) with those of pickleball,
focusing on enjoyment, commitment, perceived exertion,
competence, socialization, perceived fit with traditional tennis,
and behavioral intention.

METHODS

Participants

Participants were recruited from three different locations in the
United States through targeted advertisements on social media
platforms and facility websites. To ensure sample homogeneity, a
screening process was implemented, incorporating both a survey
questionnaire and consultations with facility administrators.
Only individuals with less than one year of experience in tennis
and pickleball were eligible to participate in the study. As a result,
a total of 153 adult players were eligible and participated in this
study. Of these, 92 participants completed all required sessions
and surveys. Participants were mostly aged 18-24 (30.4%) and
35-44 (21.7%), with 59 females and 33 males. The majority of
participants identified as Caucasian or White (44.6%), followed
by Hispanic and Latino (22.8%) and Asian (16.3%) ethnicities. The
researchers identified survey participants interested in joining a
focus group and subsequently conducted focus group interviews
with 24 of them (10 males, 14 females, age range: 20-74 years).

Measures

This study employed a mixed-methods approach, incorporating
both quantitative and qualitative approaches. The surveys
assessed enjoyment and commitment (enthusiasm) using
constructs from the Sport Commitment Questionnaire-2 (SCQ-2;
Scanlan et al., 2016). Perceived exertion was evaluated with the
Borg RPE Scale, which asks participants to rate the intensity of
their effort on a scale from 6 to 20, where 9 indicates "extremely
light" and 20 represents "maximal exertion" (Williams et al.,
2017). Perceived competence was measured using the Perceived
Competence subscale of the Intrinsic Motivation Inventory (IMI;
McAuley et al., 1989). Social connectedness was assessed using
items adapted from Lee and Robbins (1995). Behavioral intention
was evaluated by combining items from Till and Busier (2000)
and Zeithaml et al. (1996).

The initial focus group interview questions were developed
by subject matter experts and researchers to align with the
study's purpose and were subsequently refined based on survey
findings. Further adjustments were made to the questions to
capture more nuanced participant perspectives that could not
be fully explored through the quantitative approach. During the
interviews, the researchers conducted follow-up questions as
needed in response to specific questions or answers.

Programs and Procedure

The programs were provided in three locations in the United
States resulting in seven classes. To enhance validity and minimize
potential biases, each class followed a structured 6-8-week
curriculum, with an equal distribution of 3-4 tennis sessions
and 3-4 pickleball sessions. To standardized practice time, each
session was set at approximately 50 minutes. The tennis sessions
incorporated controlled variations in instructional conditions,
including ball type (foam vs. felt tennis ball), court size (44’ vs.
42’), the inclusion of the kitchen line rule, and the player-to-coach
ratio, which was maintained within a narrow range to ensure
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instructional consistency. Participants could choose between
a 23" or 25” tennis racket, balancing equipment suitability
with uniform instructional delivery. The pickleball sessions
adhered to standard rules and equipment specifications across
locations.

The curriculum was developed by researchers, drawing on
previous programs for adult beginner players and existing
modified versions of tennis tailored for adults. To ensure
instructional consistency, all coaches across locations were
provided with a standardized curriculum, including game-based
learning strategies, fundamental skill instruction (e.g., forehand
and backhand), and match play using underhand serve and
simplified scoring. Additionally, coaches received instructional
guidelines to align their coaching methods with the study’s
objectives, thereby minimizing potential discrepancies in
coaching approaches and enhancing the validity of the study.
After receiving approval from the Institutional Review Board,
participants were recruited and enrolled in the programs at
no cost, with each participant receiving a free tennis racket.
They completed pre-, mid-, and post-surveys at the beginning,
midpoint, and conclusion of the tennis and pickleball program,
receiving a gift card for each completed survey. Additionally,
participants who took part in a focus group were given an extra
gift card as an incentive.

Data Analysis

For the quantitative data analysis, descriptive statistics were
calculated for all participants, with items from each scale
summed and then averaged per participant. Since normality
was not met for some variables in the assumption test, the
Wilcoxon Signed-Rank Test was used to assess differences in
average scale scores across conditions, including ball types,
racket sizes, and comparisons between modified tennis and
pickleball, because normality was not met for some variables in
the assumption test. All analyses were performed using SPSS
statistical software.

A hierarchical content analysis was conducted to identify
common themes within the qualitative data (Miles et al., 2013).
Both deductive and inductive approaches were used by two
separate researchers, who convened at multiple stages of the
analysis to reach consensus on emerging themes. Specifically,
the researchers first created meaning units using an open-
coding phenomenographic approach to the focus group
transcripts. Then, meaning units for participants using the red
felt ball (n = 11) were combined and the meaning units for those
who played with the red foam ball (n = 13) were combined. An
inductive approach was then used to create categories based
on meaning units, which were then deductively placed in
higher-order themes based on the research questions. At each
stage of this analysis, the researchers met to reach consensus
before progressing to the next phase of data analysis.

RESULTS

Quantitative Results

Differences between ball and racket types

Table 1 presents a comparison of participants’ experiences
based on ball and racket sizes. For ball type, a statistically
significant increase was found in the mean scores between
pre- and post-class for the felt ball across several constructs,
including satisfaction, enjoyment, competence, and behavioral
intention, with higher scores reported after the course. In
contrast, no statistically significant differences were found in
the mean scores for the foam ball across the constructs, except
for competence. Commitment scores in the post-test were
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lower than those in the pre-test, which is statistically significant.
For racket size, a statistically significant increase in competence
and behavioral intention was found with the 23-inch racket, while
the 25-inch racket showed a significant increase in satisfaction and
competence.

Table 1

Results of Wilcoxon Signed-Rank Tests for Pre- and Post-Experience with
Ball and Racket Types.

Felt ball Foam ball
Variable Pretest  Posttest z P Pretest  Posttest z p
M M M M
Satisfaction 487 572 443 .001** 5.26 5.29 -63 52
Enjoyment 5.34 5.70 -2.17  .02* 5.61 5.59 =31 76
Competence 4.15 4.78 -3.48 .001** 4.27 4.37 <213 .03*
Perceived fit 4.98 523 -.99 227 523 5.31 -.56 57
Commitment 4.00 4.22 -1.61 .09 4.67 4.09 -2.66 .01*
Socialization 5.01 5.14 -99 21 5.03 5.02 -17 86
Behavioral 4.63 5.40 -2.78  .01* 5.06 5.17 -96 .33

intention

23-inch racket 25-inch racket

Variable Pretest ~ Posttest z P Pretest  Posttest z P
M M M M

Satisfaction 522 5.60 -1.78 .07 5.03 5.70 -3.18  .001%**
Enjoyment 5.60 573 -1.85 .06 5.31 5.57 -1.01 31
Competence 4.14 4.47 -2.12 .03* 4.27 4.73 -3.52 .001%**
Perceived fit 5.12 5.32 -1.08 .27 5.05 5.22 -74 45
Commitment 4.50 434 -02 .97 4.10 3.99 -84 39
Socialization 5.02 5.03 -34 72 5.01 5.14 -.62 .53
Behavioral 4.86 5.36 -2.51  .01* 4.78 5.24 -1.53 12

intention
** p<.001, *p <.05.

Differences between modified tennis and pickleball

Table 2 shows a comparison of participants’ experiences with
modified tennis and pickleball. Participants reported greater
enjoyment with pickleball, although this difference was not
statistically significant. Regarding competence, higher scores were
reported for the modified tennis, but this difference was also
not statistically significant. However, in terms of commitment,
participants gave significantly higher scores to pickleball,
indicating a statistically significant difference. For socialization,
participants also reported higher scores for pickleball, but this
was not statistically significant. However, participants perceived
the modified tennis as a better fit with traditional tennis, and
this difference was statistically significant. Finally, participants
reported higher scores for pickleball in behavioral intention, but the
difference was not statistically significant.

Table 2

Results of the Comparison of Participants’ Experience Between Modified
Tennis and Pickleball

Modified tennis vs. Pickleball

Variable Modified Tennis M Pickleball M z P
Enjoyment 5.66 5.94 -4.83 14
Competence 4.54 4.50 .87 .76
Perceived fit 5.30 4.82 -3.68 .001%**
Commitment 4.20 4.73 -1.96 .04*
Socialization 5.11 5.36 -1.47 11
Behavioral intention 5.28 5.65 -1.65 .09

**p<.001, *p <.05.

Qualitative Results

Six themes emerged from the qualitative data analysis including
the player experience, equipment/format, Modified Tennis vs.
Pickleball, Modified Tennis vs. traditional tennis, future participation
intention, and recommendations for future programming.
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Player experience

Many of the participants directly (n = 16) mentioned enjoying
the overall experience of playing both sports in the pilot
programming. Participants felt the social aspect of the classes
was one of the most enjoyable aspects, noting they enjoyed
playing with different players throughout the class and meeting
new people (n = 11). They also discussed liking the modified
tennis equipment that was used in the class, citing the ball
as easy to control, little movement required, and that it felt
appropriate for beginner players (n = 8). Participant 10 made this
clear when they said “I liked how it [the red ball] gave you, you
know, instead of just the regular ball, | feel like the ease of it gave
you a little more confidence when you just start learning. And |
did like that” However, there were some elements of modified
tennis that participants did not enjoy such as having a range of
skill levels in the class. For those with low skill ability, participants
enjoyed playing higher skilled participants. However, the higher
skilled participants did not enjoy playing with less skilled players.

Equipment/format

In terms of the modified tennis equipment used in the pilots,
participants who played with the red felt tennis ball had more
positive perceptions toward the equipment than participants who
played with the foam tennis ball. For the red felt ball participants,
most were unaware of racket size differences or had favorable
opinions about both sizes (n = 9). This contrasts with those who
played with the foam tennis ball as they saw the racket as a child
or preferred a traditional sized racket. This was made clear by
Participant 19 who said “And not that I'm an expert on tennis,
but for me, personally, | feel if you're an adult, starting out with
tennis, and you're gonna end up using the heavier, bigger racket,
| feel like it just makes sense to start off with that.”

Regarding the ball type, like the racket, there was a more positive
perception of the ball for players who use the red felt ball. The
felt ball was perceived as easy to control as it moved slowly
and was effective at neutralizing skill levels (n=9). Participant 3
explained this perception when they said “It was it felt softer and
lighter. And because it did stay in the air longer, it gave me more
time to react to set up my returns.” Only one player who played
with the red felt ball mentioned perceiving the ball as a child ball.
For the players using the red foam ball, there was a perception
of the ball as a child tennis ball or beginner only tennis ball with
some who mentioned that the felt ball would have been better to
use (9). Participant 13 explained this perception when they said,
“You know, even like, when my daughter trains, you know, she's
nine years old, the ball that they use is even faster than that."

When focusing on the format of Modified Tennis, participants
had a positive perception of the scoring and believed it was easy
to understand (n = 7). When asked about the kitchen rule, many
players felt like it didn’t have a role in Modified Tennis or made
it more complicated (n=8), while two participants believed it
helped to neutralize skill differences.

Modified tennis vs. pickleball

Participants viewed pickleball as the more challenging sport of
the two sports they played (n = 8). Participants cited difficulties
hitting the ball in the intended sport and the pickleball scoring
format as the challenges. Six participants directly mentioned
liking Modified Tennis more as it was easy to learn and less
complicated than pickleball. This was made clear by Participant
14 who said “I liked like that you got to let the tennis ball bounce.
Whereas in pickleball, you end up doing like a lot of the weird
stuff when we're supposed to like run to the net and be really
close. And so, | definitely liked the kind of like farther from the
net aspect of the tennis.” Finally, two participants mentioned
enjoying pickleball more due to the social aspect of the sport and
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the accessibility of playing. This was supported by Participant
18 who said, “The perception of tennis is, you know, you have
special clothes, and you know, and maybe that's appealing, but
when you think about even the name pickleball it's just okay,
we're just gonna go and have some fun.”

Modified tennis vs. traditional tennis

Participants in this study noted that playing traditional tennis
provided a better workout than modified tennis (n=7). They cited
that playing modified tennis was less intense, less exercise, and
required less effort and energy than traditional tennis. However,
participants felt that red ball tennis was easier to learn and play (n
= 9) as it was easier to control the ball and have success quicker.
Participant 11 described this difference when they said “But we
were able to, a lot of the beginners | played with, it was easier
to volley for a little while. Whereas, when I've played years ago
with a regular yellow tennis ball, we didn't get that right away.
So, it wasn't as fun, it was more just chasing the ball because we
weren't able to volley as much.”

Recommendations for modified tennis for adults

Participants provided recommendations for future modified
tennis classes that focused on one major theme. Participants
recommended more skill instruction and skill development into
the curriculum (n=13). While they enjoyed the game-based
play, participants noted that some basic technical instruction
on hitting the ball and movement patterns would have been
helpful. This was evident by Participant 21 who said “And one
of the things | did notice is that there were really no lessons on
technique or anything like that. It was basically just these are
the basic rules and here you go, which was fine. But | guess if |
could add something to it would be just little bit of lessons on
technique and hitting the ball and managing space on the court.”

DISCUSSION

This study aimed to understand the outcomes and experiences of
adult beginners who completed a 6-8-week racket sport course
featuring both modified tennis and pickleball. It specifically
compared participants' perceptions and experiences of modified
tennis (ball type, racket size, and court size) with those of
pickleball, focusing on enjoyment, commitment, perceived
exertion, competence, socialization, perceived fit with traditional
tennis, and behavioral intention.

Modified Tennis

Ball type

In modified tennis, felt balls generated greater effects and
interest among participants than foam balls. Participants reported
significantly higher levels of satisfaction and enjoyment when
using the felt ball. It was also found that the felt ball increased
participants' competence. Most importantly, participants who
used the felt ball reported that they were more likely to continue
participating in the future and spread positive word-of-mouth
about the experience. Within the qualitative data, participants
expressed more favorable perceptions of the felt ball than those
who played with the foam ball. Specifically, individuals who used
the foam ball were more likely to perceive it as a tool designed for
children rather than an effective learning instrument for adults.

These findings indicate that the felt ball can play a significant role
in enhancing skill development and boosting confidence among
participants. Its perceived alignment with traditional tennis may
also help ease the transition for beginners, making the felt ball
an effective tool for generating both enjoyment and competence
in new players to tennis overall. Furthermore, the resemblance
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between modified tennis with the felt ball and traditional tennis
could encourage sustained participation by providing a more
accessible entry point for beginners, ultimately fostering their
long-term enjoyment and commitment to the sport (Buszard et
al., 2020).

Racket size

The quantitative results were somewhat mixed. Participants
using the 23-inch racket reported increased competence and a
stronger behavioral intention. In contrast, the 25-inch racket was
associated with higher satisfaction and improved competence, but
it did not appear to influence behavioral intention. Notably, there
were no statistically significant differences in enjoyment across
racket sizes, suggesting that while preferences exist, the overall
impact on enjoyment may be minimal. These findings highlight
the importance of carefully considering equipment selection in
the design of instructional tennis programs, particularly for adult
beginners. Like the ball type, the qualitative data showed that
participants who used the foam tennis ball were more likely
to perceive the rackets as children's equipment compared to
those who used the felt tennis ball. This perception of modified
equipment as being exclusively for children mirrors challenges
encountered during the implementation of modified equipment
in youth tennis, where parents often viewed the equipment as
inferior to traditional “adult” gear and believed their children
should use adult-sized equipment instead (Gould et al., 2016).
However, more recent research on stakeholders' perceptions
of modified tennis equipment for children has demonstrated a
shift towards more positive views, recognizing the equipment as
valuable for learning and development (Buszard et al., 2020). If
modified equipment is consistently implemented for adults and
efforts are made to establish it as part of the official adult tennis
programs, these stereotypes may gradually diminish over time.

A valuable finding from this study’s qualitative aim was the
participants' recommendation for incorporating more skill
development and instruction into the programming. Although
match play and game-based activities were enjoyable,
participants expressed a desire for more guidance on technique
and movement from coaches. While games-based learning is an
effective way to learn sport skills for youth, the balance between
direct skill instruction and game-based learning must be further
studied with adult beginners in tennis.

Modified tennis and pickleball

Although the differences were not statistically significant, the
quantitative data showed that participants reported marginally
higher levels of enjoyment, commitment, socialization, and
behavioral intention when engaging in pickleball. Conversely,
players reported a greater sense of a better perceived alignment
with traditional tennis when participating in modified tennis.
The qualitative findings corroborate the quantitative data, as
participants highlighted the relative ease of learning modified
tennis, attributed to the slower pace of the tennis ball and the
more straightforward rules compared to pickleball. These results
suggest that novices in racket sports may have comparable
experiences in modified tennis and pickleball. Through the
qualitative data, participants attributed the play opportunities
and community already established in pickleball as reasons for
the higher level of behavioral intention and commitment to
pickleball.

An interesting finding is the higher rates of perceived competence
for modified tennis found in the quantitative data, as perceived
competence is a primary source of motivation and engagement
in physical activity for adults (Stodden et al., 2009). An increase
in perceived competence for participants can lead to continuing
participation in the sport. Furthermore, tennis is reported to have
a long learning curve due to the complex movement patterns and
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techniques, making it difficult for beginner players to engage in
match play and game-based play quickly. This was supported by
the qualitative data, which showed that participants attributed
the higher perceived competence and simple learning curve of
red ball tennis to the equipment and rules, which made skills less
complex and easier to understand. From this finding, modified
tennis for adults may offer an opportunity for beginners to learn
the tactical elements of the sport quicker as they can engage in
match play and experience competition sooner. Also, for those
who cannot play traditional tennis, modified tennis may offer a
viable way for players to engage in the sport (Stroesser et al.,
2024).

Another valuable finding within the quantitative data is that
participants perceived modified tennis as more closely aligned
with traditional tennis than pickleball. When considered alongside
the observed increase in perceived competence, this suggests
that modified tennis formats can effectively support individuals
in skill development and confidence-building. This alignment may
facilitate a smoother transition to traditional tennis, making it a
strategic tool for beginner engagement. Additionally, the closer
fit between modified and traditional tennis may foster sustained
participation by offering a more accessible entry point for novices,
ultimately contributing to their long-term involvement in the
sport (Buszard et al., 2020). This could be proposed as a strategy
for tennis to continue its growth and achieve a competitive edge
in the increasingly competitive racket sports market.

CONCLUSIONS

Building on previous literature, the findings of this study
underscore the importance of offering modified programming
and selecting appropriate modified equipment not only for adult
beginner tennis players but also for modified sports in general.
This study provides valuable insights, suggesting that future
modified programming for adult tennis should adopt a balanced
approach that integrates both skill instruction and game-
based play to enhance the effectiveness of these programs.
In the present study, it is difficult to understand which of the
independent variables had the most influence on the participants’
experience of the two sports. However, the qualitative data
provided some insight into which aspects of red ball tennis and
pickleball led to significant differences. Future research should
examine the impact of various equipment options, programming
strategies, and rule modifications on player outcomes, to gain
a deeper understanding of how these factors influence player
perceptions and experiences.

There were several limitations in this study which made it
challenging to generalize the findings. First, participants only
engaged in each sport for 3-4 total hours which may not be
enough time for them to fully engage in each sport. Additionally,
total time spent in each sport differed between locations with
some locations with three hours in each sport and others with
four hours in each sport. Future research needs to examine
outcomes after participants have had a longer and more
sustained exposure to each sport. Second, this study involved
pilot programming in three locations across the United States
and coaches were required to follow a curriculum developed by
the researchers. However, it was clear from the focus groups,
that participants classes varied from location to location meaning
not all participants had the same experiences in the classes.
These discrepancies and the number of independent variables
could have influenced the outcomes and should be considered
in future studies to ensure more uniformity and reliability in the
findings. Based on the limitations, it is recommended that future
research be conducted in a more controlled environment to
understand whether findings can be replicated.
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ABSTRACT

A competence model that covers various aspects of the game of tennis and enables tennis
coaches to design and review their training programs for beginners and intermediate
tennis players. The model considers the learning level of the students, the tactical
aspects (perception, anticipation, decision factors, 5 game situations, and tactical intent),
the technical aspects (stroke mechanics), and the training aspects (development fields).

INTRODUCTION

Tennis is a globally popular sport that combines skill,
strategy and athleticism. It appeals to a wide range of ages
and skill levels and offers both recreational enjoyment and
competitive opportunities at various levels. The International
Tennis Federation (ITF) encourages teachers and coaches to
use innovative teaching and learning methods by simplifying
procedures and modifying the sport to better meet the needs
of new learners.

To address this issue, alternative teaching methods focused
on specific tennis situations and tactics have been developed.
These approaches are commonly referred to in the literature
as “game-based approach” (GBA) (Manninen et al., 2024).
In recent years, the GBA has been supported and practiced
by many practitioners across Europe and the United States.
Furthermore, the authors confirmed strong support from the
ITF and leading tennis federations worldwide as well.

Turner et al. (2002) suggest that GBA emphasizes tactical
demands rather than technical skills when teaching tennis
to beginners. These lightweight balls are easier to hit, and
as players master basic strokes, they transition to 'soft' balls
(red, orange, or green) inflated to lower pressures, resulting
in slower flight and lower bounce (Pluim, 2014). It allows
intermediate players more time to return shots, extends
rallies, and enhances their overall experience. This structure
facilitates a gradual development in technical skills and
tactical understanding for young players.

Training models should integrate elements of learning and
enjoyment, allowing coaches to evaluate and enhance the
skills of less skilled and skilled players through play activities.
The GBA emphasizes experiential learning, where players
uncover game strategies through participation, reinforcing
that "the game is the best teacher" (Harvey & Light, 2015).
GBA, which incorporates elements of both complex and
non-linear pedagogy, can be used to more holistically
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shape and enhance students' learning of movement skills.
Nonlinear pedagogy (NLP) is advocated as an approach that
views movement skill acquisition with a strong emphasis
on exploratory behavior and the development of individual
movement skills (Chow et al., 2021). In NLP, the design of
the exercise microstructure is based on the continuous,
intertwined relationships between decision-making, action,
perception and cognition in sport performance and learning
contexts, which is extremely useful for tennis instruction.

The aim of the first part of the article is to create a
comprehensive model of tennis teaching/development by
integrating different aspects, areas, and skills (see Figure 1).
The individual parts of the model are explained in more detail
below.

THE LEARNING PROGRESS IN TENNIS

As with any other sport, there are three stages in learning to
play tennis: Understanding the basics of tactical principles,
developing perception, motor skills and technique, and
gaining playing experience.
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Tactics Technique Training
Learning level Perception/ Game Tactical intention Stroke Field of development
Anticipation/ situations mechanics
Decision factor
Knowledge Incoming ball Serving Trading Balance Playing competencies*
(understanding) | (5 ball controls)
Skill (doing) Opponent Receiving Neutralising opponent’s Timing Motor abilities & skills
advantage
Experience Player Playing at the | Creating an opportunity Rhythm Mental abilities & skills
(using/adapting) | (own position on court) | baseline
Approaching | Finishing the point BIOMEC Note: Biological factors
or at the net should be considered
Passing Changing pace or playing PAS
defensive

*Playing competencies: tactical and technical skills

Figure 1. A comprehensive model of tennis teaching/development by integrating different aspects, areas, and skills.

Level 1: Understanding the tactical principles

At the basic level, it is crucial that players understand the basic
objectives of the game. Minimal distractions are required at
this stage. In the beginning, the racket can be an obstacle.
Being unfamiliar with the weight, grip, and size of the racket,
it is often difficult to control, which hinders the development
of proper technique. This can lead to frustration and slow
progress as beginners find it difficult to concentrate on their
swing and the ball at the same time (Banwell et al., 2013).

At this level, the beginner tennis players must intuitively
grasp the basic tactical principles. They should reach a
decisive "eureka" moment and, as a first step, understand
three primary strategies for winning points, such as staying in
contested rallies to force the opponent into errors, exploiting
open spaces on the court, or reducing the opponent's time
to perceive, prepare and execute the shot. Understanding
the logic behind any tactical intent is paramount; without
this understanding, players will struggle to apply their
skills effectively in real-game situations. Strengthening this
foundation is the cornerstone for long-term success in tennis.

Level 2: Developing perceptual, motor, and technical skills

The acquisition of new technical skills for each of the three
main strategies begins with an understanding that forms the
basis for the development of perceptual, movement, and
technical skills. The goal is to translate understanding into actual
performance. Initially, the performance will not be perfect, but
through countless repetitions, players will refine their techniques
and develop the skills required to execute the instructions
effectively. It is important to realize that while perfecting skills
takes time, the basic logic of movements and strategies should
not simply be forgotten (Rosenbaum et al., 2001).

Level 3: Gaining Experience

The final stage of learning progression is gaining game
experience. The ability to use skills and game knowledge to
find the best solutions in certain game situations can make
a difference for players. While much of this experience is
gained in competition, coaches play a crucial role in shaping
this experience through targeted adjustments in training. One
of the most important adaptations is the regular introduction
of different conditions. Players must learn to adapt not only
to the opponent’s style of play but also to different surfaces,
balls, weather conditions, and other external factors (Williams
& Hodges, 2023).

DECISION FACTORS IN TENNIS

As already emphasized, decision-making is crucial to success
in tennis. Players must consider several factors when
determining their next move on the court. We can identify
three important decision-making factors that significantly
influence a player's decision: the opponent, the incoming ball,
and the player’s position (Garcia-Gonzélez et al., 2014).

GAME SITUATIONS IN TENNIS

Players must perform their technical characteristics in
a tennis-specific situation. They must adapt their stroke
selection to the tactical situation. There are five main scenarios
in which players can develop different tactical intentions:
serving, returning, both on the baseline, approaching or at
the net, and passing (Crespo & Miley, 2002). Each situation
is unique and requires a specific strategic approach. Young
and beginner players need to be taught the importance of
adapting their tactics; they should learn to have at least two
options for each situation to avoid becoming predictable.

In summary, game situations need to be practiced in an
environment very similar to official games to build confidence
and experience, especially for younger players and beginners.
By focusing on serving, returning, both on the baseline,
approaching or at the net, and passing, players can develop
comprehensive skills that allow for greater adaptability and
success on the court.

TACTICAL INTENTIONS

Strategy and tactics are related concepts in sports
performance. Tennis players should have a tactical intention
(i.e. what they hope to achieve) for each stroke that affects
movement, preparation, execution and retreat on the court
after the stroke. Tactical intent can also be influenced by the
state of the game; depending on the game situation, intent
can change several times during a point. Tactical intentions
are: trade, build, create an opportunity, finish the point,
neutralize the opponent's advantage, stay in the point, play
defensively, and turn the point around (LTA, 2024). For this
article, we have used tactical intentions that are suitable for
beginners and intermediate tennis players.
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STROKE MECHANICS

In several sports, fast and precise movements lead to high
performance and success. Successful tennis players show
greater accuracy when hitting fast balls than their less
successful opponents. The tennis movement, a complex
whole-body exercise, is performed under time pressure and
unpredictable, variable, and dynamic conditions.

The optimal technique can be defined as that which provides
the most efficient combination of power and control in stroke
and movement technique. Player development based on
scientific knowledge allows for an individualized approach
that takes into account the key mechanical characteristics of
each skill, while also promoting feel and considering a player's
physical attributes. An understanding of biomechanics from
a sports medicine perspective is also important if player
development is to occur with minimal risk of injury. The
technique of strokes and movements, both groundstrokes
and serves and returns, is changing and tennis players and
coaches are constantly looking for solutions to increase
efficiency and economy. The most important biomechanical
principles for tennis can be easily recalled with the acronym
BIOMEC, which means: balance, inertia, opposite force,
impulse force, elastic energy, and coordination chain (Crespo
& Miley, 2002).

Three shoulder rotations (use of angular momentum) are
important for an effective serve, namely: twist (frontal plane),
shoulder over shoulder (transverse plane), and somersault
(horizontal plane). The coordination chain comprises “the
segments of the body that act like a system of chain links,
whereby the force generated by one link or part of the body
is successively transmitted to the next link” (Crespo & Miley,
2002). The optimal coordination (timing) of these body
segments enables an efficient transfer of speed through the
body from one body segment to the next. Another important
aspect of the effective application of biomechanical principles
is the loading and execution of the lower limb drive (leg drive),
which, according to coaches, is crucial for serves and baseline
shots and significantly influences upper body movements. The
lower and upper body have completely different requirements
when executing tennis strokes and movements (Lester et al.,
2023). Tennis players also use the elastic energy principle to
“recharge" (pre-stretch) themselves in the preparation phase
of the serve, return, and groundstrokes, which leads to more
power. When muscles are stretched, the muscles and tendons
store energy, just as a rubber band stores energy when it is
stretched.

In a GBA, technique is simply a way of executing a tactic. With
every stroke in tennis, the racket must pass the impact zone.
Elderton (2024) introduces the concept of PAS principles,
which define the path, angle, and speed of the racket. The
path of the racket can be from low to high (topspin), from high
to low (underspin), at the same height, and in the direction
of the target (as opposed to a circular swing path). The angle
of the racket can be vertical: open to the sky (racket face
pointing upwards), vertical (racket face pointing straight up
and down), and "closed" (racket face pointing downwards).
At a horizontal angle, the racket can be oriented as follows:
outside, inside, or parallel. The racket can be in the impact
zone: accelerating, decelerating, or maintaining its speed.
The concepts of BIOMEC and PAS are closely linked, the first
determines the effectiveness of the performance, and the
second influences the success of the strokes and movements.

International Tennis Federation

FIELD OF DEVELOPMENT

The development of a tennis player can be traced through five
key areas: tactical, technical, motor, mental, and biological
development (Liu et al., 2024). Psychological components
such as self-confidence, self-esteem, personality, and
motivation are important in tennis, but technical and tactical
skills are often considered the most important. The technique
is necessary to execute movements precisely, while tactics
means making quick and correct decisions during the game.
While talented players usually develop these skills more
effectively than average players, continuous development
during youth and adolescence is essential for progression to
a professional level.

Playing competencies

Tactical development involves learning strategies, different
tactical intentions, and decision-making skills required for
success on the court. For beginners, this means understanding
how to position themselves effectively, where to place
their strokes, and how to read their opponent's movements
(Kolman et al., 2019).

Technical development focuses on building the fundamental
skills required to play tennis. Beginners work on their
balance, timing, rhythm, as well as the trajectory, angle, and
speed of the racket to ensure they can execute each stroke
effectively. Good technical skills provide a solid foundation
for all aspects of the game and make it easier for players to
progress (Elderton, 2010).

Tactical and technical development is a long-term, never-
ending process that is based on the consideration of
biomechanical laws, the level of motor skills, the fundamentals
of motor learning, the individual physical and personal
characteristics of the athlete, etc. Even top tennis players
refine their tactical and technical skills to the unattainable
limits of perfection.

Motor development

Motor development refers to physical skills that are essential
for athletic performance. These include coordination, agility,
balance, and speed. For beginner tennis players, improving
motor skills is crucial as these skills will help them move more
efficiently on the court. Good motor skills also contribute to
overall athleticism, which is beneficial in all sports.

Mental development

Tennis players benefit from psychological skills to constantly
and successfully control their thoughts. Psychological skills
are made up of a variety of different elements, such as
motivation, concentration, stress management, and anxiety.
To perform better, they need to develop their psychological
skills. Players can control their behavior, thoughts, and
physical sensations using psychological skills, which helps
them to play better. Research has shown that tennis coaches
are increasingly interested in learning about and incorporating
mental training approaches into their daily work with players,
and are gradually becoming aware of the importance of mental
skills for performance in tennis Mental training is the practice
of developing internal skills that help athletes achieve their
goals by teaching them to control their psychological states
in line with those goals. The main goals of mental training
for athletes are to improve their performance and overall
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well-being. According to experts, young athletes who have
strong psychological traits and skills can better cope with
these difficulties and stresses and prevent burnout or early
retirement from sport.

Biological factors

The growth and maturity status of young athletes have a
significantimpact on their body size, and individual differences
in the growth and maturity status of young athletes could
have an impact on selection, as larger physical characteristics
can provide advantages in most sports (S6git et al., 2023).

Individual differences in growth and maturation appear to
contribute to the selection of elite junior players in tennis,
favoring males and females with advanced maturation and
comparatively high height and weight for their age. This has
important implications for the identification and development
of tennis talent (Myburgh et al., 2016).

Biological age plays a crucial role in tennis performance and
athlete development, as physical characteristics such as
size, strength, and power are closely linked to maturation,
especially during puberty. Changes in body composition can
vary with early or advanced maturity, especially in females.
Considering the demands that sport places on coordinative
abilities and aerobic and anaerobic conditioning, coaches
need to create a development plan that is tailored to each
athlete’s maturation and respects their biological individuality
(Vilela Brito, 2020).
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ABSTRACT

In the first part of the article, the factors that influence the teaching of beginners
and advanced tennis players were presented in detail, such as the learning level of
the students, the tactical aspects (perception, anticipation, decision factors, 5 game
situations and tactical intention), the technical aspects (stroke mechanics) and the
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training aspects (development fields). In the second part of the article, the factors for
determining playing ability are used for various game situations and presented below
using an example with instructions for the practical application of the model.

INTRODUCTION

The aim of the second part of the article is to give a practical
example of the application of the model, also from the point
of view of skill/competence development for beginner and
intermediate tennis players.

In developing the competency model, we have considered all
the areas shown in Figure 1, which is part of the first part
of the article. We considered 3 phases of learning (Zetou
et al., 2012), the influence of perception, anticipation and
decision making in tennis (Broadbent et al., 2017; Loffing &
Hagemann, 2014; Vickers, 2007), game situations (Crespo &
Miley, 2002), tactical intention (Del Villar et al., 2007; Garcia-
Gonzaélez et al., 2014; Sanchez Mencia et al., 2023), stroke
mechanics (Kwon et al.) and area of development. Within the
areas, we paid the most attention to playing competencies
- tactical and technical skills (Elderton, 2010; Hopper &
Rhoades, 2023; Kolman et al., 2019).

COMPETENCY  MODEL  FOR
INTERMEDIATE TENNIS PLAYERS

BEGINNER  AND

In the following, some basic playing competencies are listed,
considering the learning level, the tactical aspects (perception,
anticipation, decision-making factors, 5 game situations, and
tactical intention), the technical aspects (stroke mechanics),
and the training aspects (development fields), which are
shown in Figure 1.

The order considers the gradation, as the competencies are
always listed at the beginning, where we want the tennis
players to understand the tactical idea of which factors
influence the tactical decision and intention. At the same

time, the complexity of the movement tasks (tennis strokes
and movement in 5 development areas) increases with
understanding. The coach works systematically, considering
the athlete's biological development, helping tennis players to
develop fundamental game skills. As this is a long-term model
that also considers other factors (philosophy, conditions,
teaching objectives, etc.), we have not specified the size of
the court (red, orange, green) and the type of balls for the
game skills. We leave the choice of these factors and the time
aspect of development to the coaches.

The competency model defines factors and areas for long-
term development and allows tennis teachers and coaches
to interpret and apply them individually, especially the time
it takes students to achieve each competency. In addition,
tennis teachers and coaches can use their own approaches,
methods, and exercises to progress from one level of play to
the next.
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Serving

The player starts the rally with a fluid throw from below or
above the shoulder in a balanced position towards or away
from the partner and can catch and throw the incoming ball.

The player starts the rally with a fluid underarm or overarm
serve in good balance with the partner to start the rally in
cooperation with the partner through the central corridor.

The player starts the rally with the serve and a forearm
movement away from the opponent, to move the opponent
and "hit the first shot in the open court."

The player starts the rally with the first serve with a twist
shoulder rotation and continues the rally after the return in
the middle, forehand, or backhand corridors, depending on
the position of the opponent, to move the opponent. The
player starts the rally with the second serve to the opponent’s
body with a twist shoulder rotation and continues the rally
in the central corridor to neutralize the opponent’s possible
advantage.

The player creates an opportunity with the first serve by
making a twist or a shoulder-over-shoulder rotation in three
possible directions (wide, body, T) to create an advantage
by making a better shot in three corridors, depending on
the three decision factors. The player opens the rally with
the second serve in a preferred direction with a suitable
combination of ball rotation, height, and depth and plays
the first shot close to the baseline with optimal balance to
neutralize the opponent’s potential advantage.

The player creates an opportunity with the first serve by using
all three shoulder rotations (including somersault), effective
external and internal shoulder rotation, and a coordination
chain in three possible directions (wide, body, T) by making
the opponent move, take time or force a shot outside the
optimal returning window, to use a better shot and end the
rally within three shots. The player uses various second serves
as unpredictably as possible to neutralize the opponent’s
potential advantage or to create an advantage in the rally.

Returning

The player catches the ball thrown by his partner over his
shoulder at hip height and throws it to his partner with a fluid
throw from bottom to top.

The player hits the incoming overarm serve in a balanced
position at hip height and with a fluid movement of the racket
from bottom to top and forward towards the central corridor
and returns to an optimal position on the court.

The player hits the incoming serve in the direction of the
follow-through to move the opponent through an early torso
turn and fluid acceleration in height, length, and speed of the
ball and returns to an optimal position on the court so that
the second shot can be played into an open court.

The player hits the fast incoming serve through the central
corridor by judging the correct distance to the baseline and
using leg loading, leg drive, and the correct number of parts
of the coordination chain. After the long shot, the player
covers the court optimally and the second shot is played
considering the position of the opponent and the incoming
ball, to maintain balance in a rally or neutralize the opponent's
advantage.

International Tennis Federation

The player recognizes/anticipates a slower/shorter incoming
ball, uses the forehand or backhand early after the bounce,
and uses the optimal number of parts of the coordination
chain (more often with the forehand and preferably several
times in succession) with the aim of dominating the rally or
finishing the point.

Both on the baseline

The player exchanges the ball with the partner on the floor
within a sufficiently wide corridor in a low balance position,
moving the racket from behind and parallel to the ground,
with the aim of staying in the rally.

The player passes the ball to his partner with a fluid throw
from the bottom to the top, standing and catching the ball at
hip height.

The player exchanges the ball with a forehand and a backhand
with his partner, by controlling the height, length, and speed
of the ball in a balanced position with a fluid shot at hip height,
with the aim of establishing a rally in the central corridor and
returns to an optimal position on the court.

The player passes the ball to his partner with a fluid throw
from bottom to top, catches the ball while standing at hip
height, and returns to an optimal position on the court.

The player hits the ball from the comfort zone at the baseline
towards one of the three corridors with the aim of moving the
opponent by adjusting the height, length, and speed of the
ball with an early torso turn and a fluid acceleration through
the contact zone.

The player changes the direction of shots from the challenge
zone at the baseline within the forehand and backhand
corridors with the aim of opening or closing the court by
using heavy topspin shots and creating a situation to change
direction down the line and surprise the opponent.

The player on the baseline recognizes higher balls that go
into the comfort zone early on and uses the inside-out/in
forehand (preferably several times in succession) with the aim
of dominating the rally or finishing the point.

The player on the baseline chooses his shots (better shot
if possible) considering all three decision factors to create
opportunities by recognizing and anticipating shorter,
slower/higher balls early and taking time off the opponent
with powerful shots close to the baseline.

The player on the baseline chooses the shots depending on
the position of the opponent and the incoming ball to maintain
balance in a rally, or neutralizing the opponent's advantage
with movement patterns that enable the execution of faster
shots with topspin rotation using the opposite force, elastic
energy, and the entire coordination chain.

Approaching or at the net

The player looks for a suitable position at the net and catches
the ball with one or both hands at shoulder height, which
is delivered by a throw or a shot from below from various
positions on the court, then throws it from top to bottom and
away from the partner.

The player moves to the net and blocks the incoming ball with
the racket at shoulder height with the aim of directing it away
from the partner.
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During the rally at the baseline, the player recognizes that
the opponent is in trouble, and if the incoming ball is shorter/
slower/higher, the player plays an approach and/or volley
away from the opponent with the aim of ending the rally.

A player who puts his opponent in a defensive position, in
which he defends with a lob, ends the rally with an overhead
smash in optimal dynamic balance, considering all three
decision factors.

During the rally at the baseline, the player recognizes that he
has gained an advantage due to the three decision factors
in anticipation and enters the court before the incoming ball
lands and chooses between three options: well approach,
drive-volley, or drop-shot to end the rally.

Passing

The player realizes early on that his shot was poorly executed
(slow, shorter) and that his opponent has an advantage in the
point, so he moves further away from the baseline with the
aim of defending with a high, loopy shot and staying in the
rally.

If the player is put under time pressure by his opponent and
is in the challenge zone, he plays a shot in the same direction
or in the comfort zone, where he keeps his balance and uses
the possible number of parts of the coordination chain to
optimally cover the court and stay in the point.

In a longer rally, the player uses a change of rhythm with a
combination of higher and heavily rotated balls or lower
slice shots (more often with the backhand) with the aim of
preparing the partner to play outside the optimal impact zone
and forcing him to make a mistake by changing the pace of
the rally.

The player who is in the defensive zone and is under great
time pressure from the opponent plays a passing shot or a lob
in dynamic balance according to the 3 decision factors with
the aim of staying in the point or finishing the point.

Figure 2. Display of corridors (that determine the direction of play
in different game situations and movement zones (comfort = green,
challenge = orange, defensive = red) on the baseline.
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PRACTICAL APPLICATION OF THE MODEL

The proposed competencies can be observed and measured
in real time during an official match, a friendly match/training,
or by analysing a video. To correctly assess the success rate,
players perform a single competency during a match 6 to
10 times. We suggest at least a 70% success rate at a single
competency before increasing the difficulty and demands
from the player with a new competency. With this tool,
coaches can easily identify the player’s possible struggles and
immediately start improving their player’'s game.

CONCLUSIONS

Crespo et al. (2024) suggest more playing competency
models are to be made with a clear description of standards,
evidence and their practical application from beginners to
advanced tennis players. This competency model emphasises
the construction of playing competencies, its gradation and
how it can be measured in real time specific to beginner
and intermediate level tennis players. It allows coaches to
form new playing competencies according to their students’
level. They can gradually improve their game by focusing
on different aspects of the game simultaneously with the
consideration of the biological role and creating a long-term
development plan to suit each player’s needs.

As tennis is evolving quickly, a more strategic approach is
obligatory. Introducing innovative teaching methods is key
to maintaining interest and encouraging the growth of tennis
across diverse populations. With the appropriate long-term
development plan coaches will not only help players grow
and learn through technical and tactical demands but will also
instill more fun and love for the sport.

CONFLICT OF INTEREST AND FUNDING

The authors declare that they do not have any conflict of
interest and that they did not receive any funding to conduct
this research.

REFERENCES

Broadbent, D. P.,, Ford, P. R., O'Hara, D. A., Williams, A. M., & Causer, J.
(2017). The effect of a sequential structure of practice for the training of
perceptual-cognitive skills in tennis. PLoS One, 12(3), e0174311. https:/
doi.org/10.1371/journal.pone.0174311

Crespo, M., Martinez-Gallego, R., & Filipcic, A. (2024). Determining the tactical
and technical level of competitive tennis players using a competency
model: a systematic review. Frontiers in Sports and Active Living, 6.
https://doi.org/10.3389/fspor.2024.1406846

Crespo, M., & Miley, D. (2002). Advanced coaches manual. International Tennis
Federation.

Del Villar, F., Garcia, L., Iglesias, D., & Moreno, M. P. (2007). Expert-Novice
Differences in Cognitive and Execution Skills During Tennis Competition.
Perceptual and Motor Skills, 104(1989), 355-365. https:/doi.org/10.2466/
pms.104.2.355-365

Elderton, W. (2010). Tactical and technical development considerations for 10
and under players. ITF Coaching & Sport Science Review, 18(51), 30-32.
https://doi.org/10.52383/itfcoaching.v18i51.612

Garcia-Gonzalez, L., Moreno, A., Gil, A., Moreno, M. P., & Villar, F. D. (2014).
Effects of Decision Training on Decision Making and Performance in Young
Tennis Players: An Applied Research. Journal of Applied Sport Psychology,
26(4), 426-440. https://doi.org/10.1080/10413200.2014.917441

April 2025, 33th Year, Issue 95 @



Coaching & Sport Science Review

Hopper, T., & Rhoades, J. (2023). Biomechanical insights on Tennis Canada’s
skill fundamental phases: Ecological dynamics, force generation and
reading gameplay. ITF Coaching & Sport Science Review, 32(91), 18-25.
https://doi.org/10.52383/itfcoaching.v32i91.405

Kolman, N. S., Kramer, T., Elferink-Gemser, M. T., Huijgen, B. C. H., & Visscher,
C. (2019). Technical and tactical skills related to performance levels in
tennis: A systematic review. Journal of Sports Sciences, 37(1), 108-121.
https:/doi.org/10.1080/02640414.2018.1483699

Kwon, S., Pfister, R., Hager, R, L., Hunter, |., & Seeley, M. K. Influence of Tennis
Racquet Kinematics on Ball Topspin Angular Velocity and

Accuracy during the Forehand Groundstroke. Journal of Sports Science and
Medicine, 16(4), 505-513.

International Tennis Federation

Loffing, F., & Hagemann, N. (2014). On-court position influences skilled tennis
players' anticipation of shot outcome. J Sport Exerc Psychol, 36(1), 14-26.
https:/doi.org/10.1123/jsep.2013-0082

Sanchez Mencia, E., Campos-Rius, J., Gonzalez Santamaria, X., & Borrajo
Mena, E. (2023). Tactical skills in tennis: A systematic review. International
Journal of Sports Science & Coaching, 19(2), 894-907. https:/doi.
org/10.1177/17479541231216268

Vickers, J. N. (2007). Perception, cognition, and decision training. The quiet eye
in action. Human Kinetics.

Zetou, E., Koronas, V., Athanailidis, I., & Koussis, P. (2012). Learning tennis skill
through game Play and Stay in elementary pupilsls. Journal of Human Sport
and Exercise, 7(2), 560-572. https://doi.org/10.4100/jhse.2012.72.19

Copyright © 2025 Taj Dolenc & Ales Filipcic

This text is under a Creative Commons BY 4.0 license

You are free to Share - copy and redistribute the material in any medium or format - and Adapt the content - remix, transform,
and build upon the material for any purpose, even commercially under the following terms:

Attribution: You must give appropriate credit, provide a link to the license, and indicate if changes were made. You may do so in
any reasonable manner, but not in any way that suggests the licensor endorses you or your use.

CC BY 4.0 license terms summary. CC BY 4.0 license terms

RECOMMENDED ITF TENNIS ACADEMY CONTENT (CLICK BELOW)

ITF Academy

April 2025, 33th Year, Issue 95 @



International Tennis Federation
www.itfcoachingreview.com

April 2025. 33th Year. Issue 95. 29-35

ISSN 2225-4757
https:/doi.org/10.52383/itfcoaching.v33i95.691

(i1

International Tennis Federation

COACHING & SPORT//
SCIENCE REVIEW

English, tennis and respect for diversity in
Primary Education: We are all ASD

Angela Isabel Carmona Blanco

CEIP Virgen de Guadalupe, Arroyomolinos, Caceres, Spain.

Key words: Physical Education,
school, autism, autism spectrum
disorder.

Received: 2 March 2025
Accepted: 15 April 2025
Corresponding author: Angela

Isabel Carmona Blanco,
angelacarmonablanco@gmail.com

ABSTRACT

This article presents scientific and didactic foundations on the potential of introducing
tennis in Primary Education to acquire skills in the area of Foreign Language (LE), in
this case through English, from the Area of Physical Education (PE). All of the above is
considered from the perspective of the treatment of students with special educational
needs associated with disability, more specifically those with autism spectrum disorder
(ASD). In this sense, the important physical, psychological and social benefits of sport, in
general, and tennis, in particular, in children with ASD are founded, as well as the positive
effect of teaching an LE on the development of their social skills and communicative
competences. On the other hand, scientific bases are presented on the opportunity to
develop programs in the school context that allow teaching Spanish through PE. Next,
methods and strategies that have proven effective with ASD students in PE classes are
discussed. Finally, contemplating all the above, examples of activities aimed at learning
tennis and English simultaneously are presented, promoting the recognition and respect
for diversity, the empathetic and inclusive attitude, as well as the acceptance of other

realities, especially that of ASD students.

INTRODUCTION

Students with special needs associated with disabilities in
Spain amounted to 262,732 people during the 2022-2023
academic year, 84.20% of whom were in ordinary education
and 15.80% in special education (Autism Confederation Spain,
2024). During the aforementioned 2022-2023 academic year,
students with autism spectrum disorder (ASD) accounted
for 29.71% of the total who had special needs associated
with disability, becoming the largest category, increasing
since the 2011/2012 school year by 310.36%, representing
0.94% of non-university students (Autism Confederation
Spain, 2024). In this sense, it should be said that ASD is a
neurodevelopmental condition that is characterized by
limitations in social interaction and communication skills,
as well as by a high presence of repetitive behaviours and,
although previously motor disorders were considered
marginal in these people, recent research has highlighted
their importance, showing sports practice a positive impact
on them, both in psychosocial skills and motor behaviour
(Grosprétre et al., 2024). Thus, as the prevalence of ASD
increases, there is a growing need to develop physical
activity interventions in school that address the behavioural
challenges of these individuals (Munn et al., 2024).

The results of a recent systematic review of the scientific
literature, which aimed to examine bullying against students
with disabilities during Physical Education (PE) classes at
school. showed the need to carry out a collaborative approach
between students, teachers and families, towards the

development of sports programs that can empower students
with disabilities, as well as to help identify the main barriers
to participation towards the creation of a safe and inclusive
learning environment (Gusliana et al., 2024). Along the same
lines, the results of another systematic review, focused on
analysing the results of research over the last 10 years on
disability awareness and inclusion programmes in PE classes,
showed that these help to improve the attitude of the school
community towards people with disabilities, being especially
effective due to the direct contact inherent in classes in this
area (Luarte-Rocha et al., 2023).

In relation to all of the above, a meta-analysis that aimed to
explore the effect of physical exercise intervention on the
fundamental motor skills (HMF) of children with attention
deficit hyperactivity disorder (ADHD) and/or ASD, concluded
that these interventions can improve their gross motor skills
(Ye et al,, 2023), In this sense, it is important to consider
the specific benefits obtained depending on the type of
activity practiced, with aquatic therapy showing a greater
effect on stability skills, while table tennis or horseback
riding have better results in fine manual control and hand-
eye coordination (Ye et al., 2023). Likewise, another meta-
analysis that aimed to discuss the effects of physical activity
intervention on children and adolescents with ASD, concluded
that physical activity has a significant positive impact on social
interaction capacity, communication ability, motor skills, and
the degree of ASD (Huang et al., 2020). On the other hand,
a systematic review concluded that, compared to control
groups, physical activity interventions had a great positive
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effect on general sleep problems in children and adolescents
with ASD, and could constitute an effective alternative to
pharmacological treatments, sleep education programs for
parents and behavioural interventions. effective but have
several limitations, such as possible side effects or high
economic cost (Liang et al., 2024).

Despite the significant benefits of physical activity in
children with ASD, a meta-analysis of nine studies that
used the degree of participation in moderate to vigorous
physical activity (MVPA), measured with accelerometers,
in ASD students, concluded that, compared to those who
presented typical development (TDC), their MVPA level was
30 min/day lower. 12% and 8% lower during PE and recess,
respectively, being 4 times more likely to not comply with
the MVPA recommendation compared to those with BDD
(Abadi et al., 2023). Thus, children with ASD would be clearly
below compliance with a series of guidelines developed by
a group of experts in accordance with the protocols of the
World Health Organization (WHQO) who, using and updating
different systematic reviews, advise performing an average of
60 minutes/day of MVPA during childhood and adolescence
(Bull et al., 2020). In this sense, focusing more specifically on
the age group of Primary Education students, in which this
practical proposal is framed, a study revealed that children
aged 6 to 11 years with ASD performed significantly less
physical activity than their peers in the general population
Gehricke et al., 2020).

With regard to tennis, the results of an intervention with 4
children with ASD between 7 and 9 years of age, using the
procedure from least to most prompting, consisting of offering
the student a series of indications ordered from least to most
intrusive, from least to most helpful, until the task is correctly
performed, showed their effectiveness in each of the 4
subjects, significantly increasing their tennis skills (Yanardag
et al., 2011). In this same line of action, a pilot study that
aimed to determine the effectiveness of a tennis teaching
and training program for people with ASD, combining specific
tennis skills with others aimed at people with ASD, showed
significant improvements after the intervention in specific
tennis skills, in hand-eye coordination and leg strength. as
well as social and communication skills (Shanok & Sotelo,
2022). In relation to the above, the results of a research with
18 people aged 7 to 19 years with ASD, using an adapted
tennis program, called ACEing Autism, quantifying motor
participation behaviours, showed a longer time with both
appropriate behaviours (AC) for motor skills and those
supported for motor skills (MA) than those inadequate for
motor skills. spending more than 50% of their time in CA
during the program. (Munn et al., 2024).

With regard to the teaching of English as a foreign language
(FL) to students with ASD, a study carried out with children
between 8 and 12 years of age with ASD concluded that the
teaching of an LE, from the point of view of both caregivers
and parents, it had a significant positive effect on their social
skills and willingness to communicate compared to a control
group, elicited through motivational modulation in a novel
environment (Golshan et al., 2019). In fact, a systematic
review of 12 scientific articles, which included a total of
328 children between 3 and 12 years of age diagnosed with
ASD (169 bilingual and 159 monolingual), concluded that,
although communication and language skills are among the
domains most affected in people with ASD, bilingualism does
not pose any added difficulty for the development of their
language (Garrido et al., 2024)
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In relation to the opportunity to propose programs in the
school context that allow teaching a foreign language through
CLIL (CLIL), a systematic review of 35 articles showed the
great usefulness of these programs (Gil-Lépez et al., 2021),
achieving a higher success rate in the development of LE,
both written and oral. than traditional methods (Garcia-Calvo
& Salaberri, 2018). In this sense, games and sports were the
most used PE content in learning a Spanish as a foreign
language through CLIL, considering that this type of content
encourages communication between students to improve
written and spoken expression skills (Gil-Lopez et al., 2019).
On the other hand, it is worth highlighting the interdisciplinary
potential of tennis in Primary Education, both to develop
from the PE area to other areas of the school (mathematics,
foreign language...) (Fuentes-Garcia & Carmona, 2021a), as
well as offering important physical, psychological, and social
benefits to children who practice it (Aradjo et al., 2014). In
relation to the above, a study with children aged 6 to 12 years
concluded that the practice of tennis through coordination
exercises and games achieved significant improvements in
their executive functions and physical fitness (Ishihara et
al., 2017), while another study concluded that children aged
5 and 6 years who practice tennis have a greater attention
span and visual contribution to maintain balance than their
counterparts who do not play sports (Rym et al., 2019).
Likewise, an intervention with children aged 6 to 11 years
concluded that, after 12 months of frequent tennis practice,
working memory improved in them, and cognitive flexibility
increased (Ishihara & Mizuno, 2018). The importance of this
improvement in cognitive flexibility through tennis in the
study should be highlighted, as a meta-analysis highlights the
existence of cognitive flexibility difficulties in people with
ASD (Lage et al., 2024).

Before delving into the practical proposal that we propose,
it should be said that, despite the fact that tennis presents
some difficulties to be developed in PE classes, due to its
technical and organizational complexity, approaches by
different authors present effective methodological solutions
to positively overcome them in the context of Primary
Education (Fuentes-Garcia & Carmona, 2021a; Fuentes-
Garcia & Carmona, 2021b; Fuentes et al., 2020; Fuentes,
2013, Sanz et al., 2004), and even integrating tennis, as PE
content, with English (Fuentes et al., 2005).

On the other hand, a review of the scientific literature that
analysed the quality of the information on the content
of physical activity and the description of the teaching
methodology in children with ASD revealed that only 42% and
12% of the publications included, respectively. the teaching
methods and styles used (Bentholm & Ramskov, 2023), which
is why it seems relevant to us to offer specific guidance on
what type of activities could be likely to be useful during PE
classes with ASD children.

PRACTICAL PROPOSAL

This proposal is framed in the context of Spain, more
specifically in Organic Law 3/2020, of December 29
(LOMLOE), establishing Primary Education three cycles,
each of them of two years, starting with the first year of the
first cycle (6 years) and structured in the following areas: a)
Knowledge of the natural environment, social and cultural -
Natural Sciences and Social Sciences-; b) Artistic Education
- Plastic and Visual Education, and Music and Dance; ¢)
Physical Education; d) Spanish Language and Literature and,
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if any, Own Language and Literature; e) Foreign Language;
f) Mathematics. In addition to these areas, in some of the
courses of the third cycle (fifth and sixth years), Education in
civic and ethical values is added. In this law, one of the aspects
to be highlighted, closely linked to our proposal, is to use
PE and sport to promote personal and social development,
strengthen the habits of physical-sports activities in order
to promote physical and mental well-being, as well as the
personal and social development of the students.

In relation to the above, the LOMLOE identifies students with
special educational needs as those who face barriers that
limit their access, presence, participation or learning, derived
from disability or serious behavioural, communication and
language disorders, the latter two cases very characteristic of
people with ASD. In this sense, the LOMLOE expressed the
need for students with special educational needs to receive
the specific educational support and attention necessary
to achieve the learning objectives appropriate to their own
development.

Inrelation to this proposal, we also consider Decree 107/2022,
of 28 July, which establishes the organisation and curriculum
of Primary Education for the Autonomous Community of
Extremadura, which proposes a strong connection of the PE
area with, among other issues, the recognition and respect
for diversity, the empathetic and inclusive attitude or the use
of social skills; while learning an LE enhances the acceptance
of other realities that will enrich them while developing
tolerance and awareness of social diversity.

Methods and strategies for the development of the practical
proposal

For the practical proposal we will use the following methods
and strategies that have proven their effectiveness in PE
classes with ASD students:

e Anticipation: preparing the child for the intervention
well in advance, for example, using in-depth interviews
beforehand, to increase participation and motivation,
to know the individual attitude and conditions of the
children to participate in physical activity (Arnell. 2018).

e Visual aids (Bittner et al., 2018; Bremer et al., 2015;
Bremer & Lloyd, 2016. Casey et al., 2015), in the case
of environmental distribution, photographs of real
objects, task cards with images or pictograms, In the
latter case, we will especially use pictograms from the
Aragonese Centre for Augmentative and Alternative
Communication (ARASAAC), which are freely accessible,
which are free of charge (ARASAAC, 2025a)

e Teacher demonstrations (Bittner et al., 2018).

e Basic Sign Language for Non-Verbal Children (Bass et al.,
2009), or the Dictionary of Spanish Sign Language of the
State Confederation of Deaf People (CNSE) (2025).

e Direct and intensive motor skills instruction (Ketcheson
et al., 2017),

e Procedure from least to most incitement for the teaching
of tennis, with indications ordered from least to most
intrusive (Yanardag et al., 2011).
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e Music to structure work periods (Dieringer et al., 2017).

e External motivation through positive verbal feedback
and high-fives or hugs (Bahrami et al., 2016).

e Tablets and apps to show the exercises or activities to
be performed, such as the application aimed at children
with ASD, for example, the so-called Exercise Buddy (EB
app) (Exercise Buddy, 2025), consisting of a system of
modelled videos that provide effective instruction on
the correct performance of motor skills in children with
ASD (Bittner et al., 2018).

e Dynamic communicators, such as the multiplatform, free
and customizable communicator AsTeRICS Grid, which
allows the use of pictograms, images and orthographic
signs to facilitate communication, initially developed
at the Technikum Wien University of Applied Sciences,
within the ToRaDes project and in which ARASAAC is
currently collaborating (ARASAAC, 2025b).

e Use of tennis to improve working memory, cognitive
flexibility (Ishihara & Mizuno, 2018), executive functions,
physical fitness (Ishihara et al., 2017), attentional capacity
(Rym et al., 2019), or socialization (Aradjo et al., 2014).

e To jointly develop LE and PE, due to the significant
positive effect on the social skills and willingness to
communicate of children with ASD (Golshan et al., 2019),
as well as because CLIL programs in the school context
show a higher success rate in the development of an
LE than traditional methods (Garcia-Calvo & Salaberri,
2018), promoting communication among students (Gil-
Lopez et al., 2019).

Considering all of the above, as well as the great possibilities
of introducing tennis in school from an inclusive point of view
(Fuentes et al., 2020a; Fuentes et al., 2020b), we propose,
by way of example, different activities, to be carried out in
the school context, but also susceptible to be developed in
associations or therapeutic centres focused on people with
ASD, tennis clubs or academies, etc.

Examples of activities:

e Using the AsTeRICS Grid dynamic communicator and
ARASAAC pictograms, especially to ASD students the
tennis and English activity that they are going to carry
out during the week with their classmates at school.
Thus, as can be seen at the top of the communicator
there is a space in which those pictograms that we select
will be inserted, considering that each image is a folder
that, in turn, contains more folders, until we reach the
pictograms themselves. Thus, for example, within the so-
called "sports" is the pictogram "tennis". In this way, we
can construct a phrase or, even, by touching the button
that symbolizes the "Play" by sound (voice) indicate the
phrase that reflects the sum of the pictograms. This
communicator also allows writing to be combined with
pictograms, being able, for example, to type the word
"the" through the keyboard and then place a pictogram
that symbolizes "tennis", thus contracting the phrase
"tennis".

Thus, the pictograms selected in this case can be seen in this
space below (Figures 1 and 2):
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Figure 1. AsTeRICS Grid dynamic communicator with ARASAAC
pictograms in the upper space enabled for this purpose.

i

"This week at school you will learn tennis and English with your

friends, and you will be very happy"
Qo0

Cahd

Figure 2. Phrase that is constructed using ARASAAC pictograms that
represent "week", "school", "learn", "tennis", "English", "friends" and
"happiness".

e The following is explained to all students, with and
without ASD in PE class, using cards of a certain size,
using ARASAAC pictograms, explaining the meaning:

"Today and tomorrow, we will learn tennis and English as
a team and to adapt the sport by communicating through
images" (Figure 3).

%ii% "’-»L &3 ﬁﬁﬁgﬂ Bicln '

Figure 3. Phrase that is constructed using ARASAAC pictograms that
represent "today", "tomorrow", "learn", "team", "tennis", "English",
"adapted sport" and "images".

%:b

e Using the CNSE's Dictionary of Spanish Sign Language
(2025). it is explained to the students that if during the
development of the whole session they need some kind
of "help", they should, having both palms of their hands
facing upwards, bring them closer to their own body
(conversely if they offer help); if you want to continue
with the activity you are doing, indicate the "continue" by
placing one hand with the palm of the hand facing down
and fingers together and the other hand perpendicular,
also with fingers together and separated from the first,
raising the latter until it touches the upper one twice in
a row (action of going up and down); while if you want
to end an activity, indicate the "finish" by initially placing
your thumbs open. index and middle fingers of both
hands and looking downwards and then raising them at
the same time as the fingertips are joined (Figure 4).

International Tennis Federation

Figure 4. Following the order from left to right and top to bottom.
following the CNSE's Dictionary of Spanish Sign Language, the hand
gestures representing "help", "continue" and "finish".

e The teacher will show the students a sheet containing
tennis vocabulary, containing fundamental elements of
the game through photographs or pictograms, in this
example from ARASAAC, and the word of its meaning in
Spanish and English: racquet, ball, grip, tennis court, net,
lines of court or court's lines, and playmate or schoolmate
(Figure 5), on the other hand. The teacher carries large
cards in his hands, each containing the photograph or
drawing of one of the elements. After the teacher shares
this vocabulary, with the help of demonstrations, and
leaves rackets and tennis balls scattered around the
space, the teacher or the students themselves verbalize
or show one of the words using the cards, the others
having to run, dribble, throw upwards..., a tennis ball, until
they touch the indicated element. ... To indicate the way
of travelling, the teacher will use music that facilitates
both this aspect and the structure of the work periods
themselves. Thus, if the teacher plays slow music, they
must move on foot, if it is fast music, they must do it
running, while if the teacher or students verbalize a word
when there is no music, they must, without moving from
the place, try to represent its meaning through gestures
and if they show the card containing an image, they must
say aloud in English its meaning.

| offl== 4

Figure 5. Phrase that is constructed using ARASAAC pictograms
representing "tennis racket", "tennis ball", "tennis racket grip", "tennis

court", "tennis net", "tennis court lines", "partner" and "partner".

won "o
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On the other hand, the indications of slow music, fast music
and silence can be used by pictograms (Figure 6).

a2 ey O

Figure 6. Phrase that is constructed using ARASAAC pictograms that

"o

represent "fast music", "slow music" and "silence".

e The students, after clear demonstrations by the teacher,
must exchange. in pairs or in groups of four, shots in
collaborative ways, being able, depending on their level
of play, to give a previous touch to the ball, to prepare it
before hitting it or even let it bounce twice to facilitate
the subsequent hitting. When the teacher verbalizes
a preposition of place or shows with ARASAAC
pictograms in English -"on", "under", "between", in front,
behind...- (Figure 7), the students must, in pairs, invent
a situation by playing with the place, area, height... of
blow that reflects each preposition. In cases where the
teacher shows the card, the children must say aloud in
English the preposition that reflects the pictogram, while
verbalizing the preposition, they must indicate which
of the cards means the preposition in question. The
teacher will progressively provide a greater amount of
feedback, to adjust the step-by-step instructions during
the development of the game according to the level of
performance of the students, thus trying to solidify and
expand their level of competence. During the game, both
the teacher and the students will use positive verbal
feedback and high-fives or hugs in the event of achieving
goals or making an effort to achieve them.

~1Te 1000 @ D

Figure 7. Phrase that is constructed using ARASAAC pictograms that
represent "above", "below", "between", "in front" and "behind".

e |n pairs, the students begin the activity showing a very
sad face, as if they were crying or about to do so, they
manage to introduce, cooperating, very close to the net
to make it simple, 2 balls in a row both put a less sad
face: 2 more normal face; two more, laughter; while, if
they put 2 more, they must laugh out loud (Figure 8)
All the children have to end up laughing out loud. The
teacher, depending on the level shown by each child, may
facilitate the task, for example, allowing two dribbles or
giving a previous touch to place the ball before hitting
it towards the opponent's field, Afterwards the exercise
is repeated, but manifesting joy through facial gestures,
then through body gestures and, finally, using pictograms
that represent these moods.
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Figure 8. Phrase that is constructed using ARASAAC pictograms that

"o non (TH

represent "great sadness", "sadness", "normal state", "joy", and "great
joy".

On the other hand, the teacher or the students themselves
can make indications with large cards to indicate whether the
ball has gone in, if in doubt, or if a game is played to show the
rules of tennis through some type of match (Figure 9).

Figure 9. Phrase that is constructed using ARASAAC pictograms that
represent "inside" and "outside".

e By way of conclusion, at the end of the class, the teacher
with the students reads messages such as the following,
which show the importance of recognizing and respecting
diversity, as well as having an empathetic and inclusive
attitude with their classmates, For the construction of
the sentences you can, for example, use the dynamic
communicator AsTeRICS Grid and ARASAAC pictograms,
combining the writing of words, through the use of the
keyboard, with the use of pictograms (Figure 10).

AUNQUE & somos Y & soMos e B
EVENTHOUGH ) @ weare [ @ £ @ weare &3S
TODOS DIFERENTES ~ TODOS IMPORTANTES
ALL DIFERENTS ALL IMPORTANT
(AN QON
Y Q O ANUESTROS
AND OUR
QUEREMOS AMIGOS
WE LOVE FRIENDS

Figure 10. Phrase that is constructed using ARASAAC pictograms that

represent "everyone", "different", "everyone", "important", "we want"
and "friends".

CONCLUSIONS

Children with ASD represent a large percentage of students
with special needs associated with disabilities, and it is
essential in Primary Education to promote actions aimed at the
recognition and respect for diversity. The practice of tennis
has been shown to provide important physical, psychological
and social benefits in children with ASD, and there are specific
methods and strategies that provide greater effectiveness
than traditional methods. The learning of an LE has shown its
usefulness for the acceptance of other realities and tolerance
or awareness of social diversity and, when developed jointly
with the PE area, to have a significant positive effect on the
social skills and willingness to communicate of children with
ASD.
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ABSTRACT

Despite the numerous existing studies, neuromuscular fatigue continues to be an
inexhaustible topic in the study of sports training. The article addresses the study of
explosive power in legs in tennis training for high competition. While most of the existing
literature points to the decrease in endurance performance and coordination motor skills
after a strenuous match, our study, carried out on a sample of 204 athletes between
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12 and 18 years old within the framework of competitions organized by the Argentine
Tennis Association, demonstrates how the explosive power of the legs increases after
a long-lasting match. Considering that the sporting fact is multifactorial and that
the physiological, neurological and psychological factors that must be considered to
enhance training, two conclusions emerge from the study: the value of the finding to
reevaluate tennis training and the importance of research in real competition situations.

INTRODUCTION

All sports have within the development of their game,
particular characteristics referring to physical, technical,
tactical and psychological effort, which makes sports training
a complex activity, which implies the consideration of the
numerous variables that intervene in the sporting fact when
making decisions regarding the methodology to be used
(Bompa and Harft, 2009).

However, one of the primary tasks when undertaking a sports
physical training plan (also tactical technical) is to study and
analyse the primary motor skills involved and complementary
sub-capacities of their game to design a program that
maximizes results and reduces the risk of injury (Issurin,
2010).

Competitive tennis matches are one of the sports with the
longest total duration; in Grand Slam tournaments to 5 sets
they can last up to more than 4 hours, which is why endurance
and its link with neuromuscular fatigue is one of the capacities
that need to be analysed. In this spectrum, an important point
to investigate is the incidence that the appearance of fatigue
has on performance, and which are the physical aspects that
can be most altered. To contribute to this type of study, the
team of physical trainers of the Argentine Thesis Association
developed research focusing on one of the physical capacities
involved in physical performance within a tennis match in
competition that has been little studied: the explosive power
of the legs in a situation of neuromuscular fatigue at the end
of a tennis match in a high competition tournament. Contrary

to the general opinion that fatigue affects explosiveness
(Kraemer & Ratamess, 2004), our study aims to show that,
at least in the moments after the match, such explosiveness
shows higher levels than at the beginning of the match. The
following objective was proposed: to show in a competitive
situation the incidence of fatigue on the explosive power of
the legs in players of both sexes in the Juniors category.

PREVIOUS STUDIES

Although the concept of fatigue dates to the beginning of
the twentieth century, its content continues to be constantly
transformed. In the last thirty years, progress has been made
in its characterization from various aspects, many of which
point to its multifactorial and systemic character.

Goémez Campos et al. (2009) dedicate an interesting article to
reviewing the existing literature on the mechanisms involved
inacute fatigue to show the different pathways that are related
to the process of gestation and development. The work covers
more than 50 articles published in scientific journals between
1995 and 2008, a journey that leads them to propose that
the etiological mechanisms responsible for fatigue have been
considered by both physiologists and biochemists from three
different angles: the perspective of improving performance in
high-performance sport, the functional recovery of subjects
with pathologies or injuries in the nervous system or the
study of subjects with neuromuscular pathologies.
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The authors point out that, despite the large number of
studies, due to the multifactorial nature of fatigue, the
mechanisms associated with its aetiology have not yet been
clearly determined. One way to organize this complexity
is to consider peripheral and central fatigue, depending
on whether the factors affect the muscles or the brain.
Following Rossi and Tirapegui (1999), they consider that
peripheral fatigue may be metabolic or come from a decrease
in neuromuscular function (due to a decrease in muscle
glycogen or protein degradation), while central fatigue is
caused by an imbalance of amino acids with the consequent
alteration of neurotransmitter activity (pp. 544).

In relation to metabolic fatigue, Snyder (1998) hypothesizes
that because of high-intensity exercise, glycogen depletion
occurs; Depending on the intensity and duration of the effort,
there is a use of different energy systems to supply the needs
using other substrates, but they deplete the reserves so that
the athlete enters a situation of fatigue. Along the same lines,
the works of Bangsbo et al., (2006) and Nédélec et al., (2012)
can be cited.

Duchateau et al. (2002) and Boerio et al. (2005) point out in
their conceptualizations that adaptations to fatigue have been
widely studied under conditions of voluntary and electrical
isometric muscular actions and conclude that much less is
known about actual fatigue, that is, specific fatigue in a game
situation since most studies are based on the interpretation
of laboratory data.

Other approaches to muscle fatigue consider the existence
of subjective fatigue that is influenced by psychological and
social factors such as performance expectations, cognitive
effort for decision-making or emotional self-regulation
(Lopez-Chicharro & Fernandez Vaquero, 2006).

These general studies are complemented by specific works in
which specific situations are analysed.

Theoretically, much has been said about exercises or sports
activities of long duration and intensity that produce an
increase in lactic acid in the blood and muscles, influencing
the appearance of fatigue, giving an increase in the
concentration of H+ ions causing a decrease in PH, a
factor that is associated with the inhibition of the enzyme
phosphofrutokinase producing a decrease in glycolysis (Rosi
& Tirapegui, 1999), that is, these authors propose an increase
in acidosis as a negative factor in the obtaining of Adenosine
Triphosphate (ATP).

In this regard, Dr. Néstor Lentini , Argentine physiologist
and traumatologist, director of the Department of Exercise
Physiology of the CENARD (National Centre for High
Performance Sports of Argentina), points out that in the latest
research it has been proven that phosphocreatine reserves
decreased by exercise or sports activity recover within two
minutes of the end of the demand, for this reason, obtaining
energy reserves in a non-oxidative system is not significant,
they quickly enter a regenerative process of obtaining ATP by
moving from ADP diphosphate to ATP triphosphate.

Other authors attribute muscle fatigue to electrolyte
imbalance due to long-term demands in hot environments
with excessive water loss, referring to an alteration of the
plasma membrane potential with alteration in the conduction
of nerve impulses (Roses & Javierre, n.d.).
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A study by Lepers et al. (2002) with cyclists subjected to
a 5-hour effort at an intensity of 55% of their maximum
aerobic capacity found a decrease in voluntary contraction
of the quadriceps muscle by 18%, at the end of the course.
In another similar study by the same author (2013) also with
cyclists, it is concluded in a similar way finding a reduction
in the muscular capacity of the legs after prolonged cycling.

Girard and Millet (2007) in laboratory studies aimed at
racquet sports, arrive at a hypothesis with their research and
potentially point out that performance may be limited (as the
match progresses) due to reduced central activation linked
to changes in neurotransmitter metabolism or in response to
afferent sensory feedback. They indicate that, alternatively,
with inhibition of the excitability of motor neurons due to
changesin the metabolic or mechanical propertiesin the spinal
structure or also by ionic disturbances and perturbations in
the excitation-contraction coupling properties.

Our conclusions in this task of investigating different sources
of analysis and research of neuromuscular fatigue and
personal consultations with specialists in the sports world
is that most of the studies are oriented to the decrease in
endurance performance and coordination motor skills,
without addressing what happens to the explosive power in
the legs after a strenuous tennis match.

Therefore, the aim of our research was to study an unexplored
bias: the explosive power in legs in a competitive tennis
match.

METHODOLOGY

Study Framework

For a few years now, within the development program of
the Argentine Tennis Association, together with the physical
preparation team, he stored data to investigate the incidence
of neuromuscular fatigue in terms of explosive strength or
leg power (smash jumps, serve, braking, starts to a short ball,
changes of direction, explosive mobility, among others) in a
tournament tennis match. The work was carried out in the
Development Area directed by Franco Squilliari by the Physical
Preparation team of the Argentine Tennis Association made
up of professors Alberto Osete, Ignacio Menchdn, Javier Gil
Herrera, Fernando Cabaleiro and Diego Gonzalez.

Hypothesis

From the observation of the behaviour of the players after
each match, a general hypothesis was outlined according to
which the power of the legs increases with respect to their
initial state at the end of high competition matches.

Design

To validate it, an observational cross-sectional study was
designed on the performance in the male and female juniors’
category (12 to 18 years old) in a competitive situation over a
period (2015, 2016, 2017, 2018, 2019, 2023). The condition
of competence (different from a laboratory analysis) has
a determining value for the verification of the hypothesis
since all the elements involved in this situation concur in
competition, especially tension, nervousness and stress that
are impossible to generate in the laboratory.
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Sample

The population was composed of 204 male and female
participants in the National Tournaments of the AAT, Junior’s
category (12 to 18 years old) during the years described in
the previous text.

Instrument and procedure

The methodological design was carried out with direct
measurement on two tests: Abalakov jump and long jump.
In the first case, each player, in a standing position with
parallel feet on a jumping plate connected to an Azén Jump
4.0 program, performed two vertical jumps with arm and
leg momentum. Of the jumps, made 3 to 5 minutes before
heading to the tennis court, the best of the two was recorded.
The same operation was repeated 3 to 5 minutes after the
end of the match, also recording the best. In this way, in the
period indicated there was a set of 120 jumps (70 for men,
50 for women).

Regarding the second type of jump, each playerin the pre- and
post-match instance, made two forward falling jumps falling
with two feet; The distance reached from the starting line to
the heel of the furthest back foot was measured, recording
the greatest distance reached. 84 cases were tested, 50 male
and 34 female. The length of matches and sets played were
also considered.

RESULTS

The following figures and tables show the results obtained in
the study.

Figure 1 corresponds to 147 Abalakov jump shots (with arm
impulse) and shows how the second jump after the match is
superior to the first one -before the match- in 72% of the
cases, both in matches of high volume in time (more than 2
and a half hours) and high intensity of play, and in matches
shorter in time and intensity.

With another motor pattern of explosive force, the long jump

was performed on firm foot, start with two feet and fall with

two feet, continues to verify that the trend improves in the

jump after the match.
2 HIGHER 1

2 EQUAL 1

2 LESS 1

0 10 20 30 40 50 60

[ MATCHES OF LESS THAN 12 H [l MATCHES OF 112TO 22 H MATCHES OF MORETHAN 22 H

Figure 1. Jumping plate based on the Abalakov jumps.

Clarification: 2 before the match; 2 after the match.

Figure 2 shows that the height reached in the post-match
data improves the performance in leg power is also not an
element that affects the power of the jump after the match.
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The results in percentage are shown in Figure 2.

WITHOUT MODIFICATIONS
9%

Low
19%

INCREASE AFTER
EXERTION

73%

Figure 2. Results in percentages of pre- and post-effort jumps: Abalakov,
CMJ and horizontal jump.

Table 1 presents the results in numbers of pre- and post-
effort jumps Abalakov CMJ and horizontal jump in numbers.

Table 1
Results in numbers of jumps pre and post effort Abalakov CMJ and
horizontal jump.

Climb after Casualty No Total
exertion modifications
148 38 18 204

Looking at Figures 1 and 2 and Table 1, the data taken, a
total of 204, in many matches of different tournaments, were
surprising: in the case of the Abalakov jumps, out of 147
cases evaluated, at a percentage of 72%, the jump was higher
after the match, including long matches of 2 hours, to three
sets. With the other types of jumps, the trend was similar,
obtaining higher jumps after the match.

This revelation leads us to conceptualize that in terms of
explosive power efforts, the neuromuscular and general
fatigue accumulated after the effort of a tennis match, is not
only not affected, but improves performance.

The athletes, physical trainers, neuromotor specialists
consulted also showed surprise at the results obtained, since
it demystifies the generalized opinion that after a prolonged
and intense effort there is a decrease in performance, since,
at least, in relation to what is observed in terms of explosive
power, performance is greater.

Limitations of the study

Outside of our analysis population (Juniors of 4 categories
of competitive players with the best ranked Argentines),
we cannot guarantee the effectiveness of the hypothesis.
However, it can be inferred that the results are generalizable
to other categories of tennis and possibly to other sports.
Our study represents an interesting advance, and it
would be desirable for the Federations of other sports to
investigate along the same lines, to give more reliably with
the conclusion we reached with our 204 cases of tennis in
junior’s competition.
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On the other hand, the task was not focused on results, we
did not propose to take performances, that would be within
a framework of individual tests, the object of study explained
in the text of rationale was comparative percentages were
taken between the before and after the matches analysing
the explosive strength of the legs, which is very involved in
tennis.

CONCLUSIONS

The work carried out shows that at the end of a match, after
5 minutes, the motor gestures of the explosive force shown
in smash hits, serve, braking starts, reactive speed, are not
affected in their performance.

Considering the multiplicity of factors that combine to
make a certain behaviour appear in a sporting event, in
conjunction with the sports areas consulted, we can propose
an explanatory hypothesis with reasons of neuromotor,
physiological and psychological order.

From neuromotor skills, it can be conjectured that if movement
positively influences brain functions, it is feasible that in this
prolonged and high-intensity activity, by increasing lactate
production, lactate, acting as a neurotrophin triggering factor
(BDNF) has a significant impact on the Central and Peripheral
Nervous System, improving cortical synaptic plasticity. This
would be complemented from a physiological analysis, since
the dominant energy system in tennis is the non-oxidative
-also called anaerobic- (the term is not absolute since there is
formation of lactic acid that increases with the prolongation
of the effort).

From psychology, we can understand that after a match, the
players - winners and losers - lower their level of pressure,
as an internal struggle between desire and demand; At the
end of this duality, the athletes are more freed from the
demands of the test, that is, looser than in the jumps prior to
the competition.

However, these hypotheses need to be tested with more
tests carried out in the same tournament effort. We want to
emphasize the value of the numbers obtained by

our study: they are made on the very practice of the sporting
effort. We believe that it is important to pay attention to them
since they could have consequences in the way we carry out
our training and towards other sports, if studies are carried
out in the same direction as the present.

Practical applications: What and how to do

The results obtained, evidenced in the following graphs and
tables, show that the starting hypothesis could be verified
since in most of the cases considered there is a positive
difference in favour of the jumps made once the match is
over. These conclusions lead us to propose some initial
recommendations that contemplate the results achieved.
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In the warm-up or pre-match activation, several visual reactive
exercises must be included to stimulate the neuromuscular
system before the match.

Examples:

e After a previous mobility, articular of shoulders, hips
and legs and gentle mobility of movement to activate
the cardiocirculatory system, peripheral capillarization,
increase in muscle temperature, decrease in muscle
viscosity, joint lubrication.

e Various reactive activation exercises at high intensity,
stimulating the visual perceptual system for quick
reading and consequent response

= With the ball: respond in a backward direction to a
defensive ball, to an attacking forward ball, to a high
ball to take it up with a smash jump, in fronton quick
short volleys, all done with specific movements of
tennis.

= No ball: Progressions in short distances, short kicks,
changes of speed, changes of support and exit, few
repetitions a lot of speed.

e Concentration, visualization and game planning
exercises that your coach elaborates, if you enter the
court with confidence, confidence and high self-esteem,
your tension, your pressure will be closer to your optimal
point
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ABSTRACT

This article proposes an innovative methodology to develop the ability to express muscle
strength, without the use of overload, effective and completely free of risk of injury. This
is based on the personal experience of the author as a physical conditioning trainer of
top tennis players. It introduces alternative strength training methods for tennis players
that minimize joint and spinal stress while enhancing functional strength. It presents
two innovative tools—the BuzzChain and TR Buzz—which utilize body weight and
neurophysiological principles to improve lower-limb and upper-limb strength without
traditional overloads. It does not aim to demonize the use of overloads in strength training
in general but to make tennis physical trainers and coaches reflect on the possibility of
alternative, however effective, functional paths for tennis players. These methods offer
a safer and more sport-specific alternative to conventional weight training, potentially
reducing injury risks and enhancing on-court performance. However, while the proposed
approach is practical and innovative, empirical validation and structured research are

needed to substantiate its effectiveness.

INTRODUCTION

Since the dawn of time, and Milone da Crotone was the most
striking example, as he was was a legendary Greek wrestler,
renowned for his strength, winning six Olympic titles, to
improve muscle strength, it is essential to use forms of
training that involve the use of overloads to be imposed on
the body in its entirety or parts of it as for example in the
upper or lower limbs (Zatsiorsky et al., 2024).

When reflecting about it, when the so-called "weights" are
being used, nothing is done but placing a load above the
biomechanical link that to be trained, a load sufficient to
stimulate it in terms of increasing the basic tone, while it is
moved. So, if the goal is to improve the strength of the legs,
the load would be placed on them, the same thing would occur
for the upper limbs. The effects of strength and conditioning
interventions in tennis players has attracted a considerable
interest in the literature (Deng et al., 2025).

This article does not aim to demonize the use of overloads
in strength training in general but to make tennis trainers
and technicians reflect on the possibility of alternative,
however effective, paths for tennis players in particular. The
alternative training methods presented are practical, low-
cost, and designed to reduce joint stress. The emphasis on
functional strength rather than maximum strength aligns well
with the sport’s physical demands.

In the next section, a reflection of neurophysiological
principles, such as the cross-cord reflex and post-activation
potentiation (PAP), will provide a solid theoretical basis for
the proposed training methods. The integration of these
concepts will help justify the benefits of the new methods
proposed.

Furthermore, this article is based on decades of both on-
and off- court practice and research on the intricacies of the
functional implementation of physical conditioning principles
and methods applied to tennis training as documented in
previous works (Buzzelli, 2020; 2021; Senatore & Buzzelli,
2022).

DESCRIPTION

The objective of this article is to present a specific, functional,
and modern training protocol for the development of strength
of the upper and lower limbs in tennis players of different
levels of play that minimizes the risk of injury, using body
weight as the main resistance and introducing two innovative
tools: "BuzzChain" (Figures 1 and 2) and "TR Buzz" (Figures
3, 4, 5) (Buzzelli, 2007-2024). These tools were designed
for exactly these purposes: optimizing muscle toning and
preventing specific tennis injuries in tennis players.
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In fact, the implementation of strength training using high
overloads, although effective for increasing maximum
strength, involves high biomechanical stress on the joints and
the spine, increasing the risk of overload injuries. This has
been studied at different levels of the game with a special
attention in post-pubertal (Martin et al.,, 2025) and juniors
(Baiget et al., 2025).

In the context of tennis training, where body structural
integrity is crucial for sporting performance and career
longevity, it is necessary to adopt alternative strengthening
strategies that minimize the risk of trauma (Squillante, 2020).

The "BuzzChain" training approach was developed in 2007
following clinical observations on a professional tennis player
(254 ATP) who previously used overloads and had chronic
low back pain (Zemkova et al., 2020).

The adaptation of proprioceptive exercises on a suspended
chain (BuzzChain) made it possible to generate significant
muscular stress, comparable to that induced by overloads,
while reducing painful symptoms. The use of the "BuzzChain",
with single-leg exercises (% squat, pistol squat), has proven
to improve performance in vertical jump tests (SJ and CMJ),
personally evaluated with the Bosco Platform.

Ten-year personal experience with Prof. Carmelo Bosco
also suggested a correlation between the improvement of
explosive strength and maximal strength, although the latter
was not quantified to avoid pain flare-ups. The effectiveness
of the method has also been confirmed by clinical observations
of other athletes, including other ATP and WTA professional
tennis players.

Figure 1 & 2. BuzzChain 1 & 2.

The approach to training the strength of the upper limbs with
"TR Buzz" was launched in 2009 following the reflection that
tennis is characterized by rapid and repeated movements,
with high impacts on the dominant upper limb during the
forehand and serve strokes. Therefore, the goal of strength
training in tennis players is not to develop high maximal
strength, but rather to increase rapid strength and the ability
to absorb impact forces.

Rapid strength, fundamental for the speed of execution of
specific tennis shots, is influenced by maximum strength,
but also by the recruitment capacity of motor units and
intermuscular coordination.

Considering the masses involved (tennis ball = 50 g, racket
= 300-350 g), the emphasis of training should be placed
on optimizing the speed of movement and the precision of
the technical gesture, rather than on increasing maximum
strength.
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Increasing the distance between the body and the ball and
optimizing the kinematics of the shot (for example, through
throwing exercises with appropriate tools) allow the speed
of the racket-ball complex to be maximized, optimizing rapid
strength.

The elegance of the human movement is regulated by complex
neurological mechanisms, which modulate the activation and
inhibition of the muscles involved (Reschechtko & Pruszynski,
2020).

The "cross reflex" (Pillastrini et al., 2020) is a fundamental
mechanism for bilateral coordination and balance during
activities such as walking and running.

The training protocol proposed with "TR Buzz" is based on
the application of these neurophysiological principles to
improve musculoskeletal function and athletic performance.

The "TR Buzz" tool, inspired by the principles of TRX (Hetrick
R., 2001), exploits the cross interdependence of the limbs
to stimulate the neuromuscular system in a functional
and integrated way. This approach allows you to improve
intermuscular coordination and joint stability, reducing the
risk of injuries.

The cross interdependence of the limbs, stimulated using
the "TR Buzz", activates neural circuits that improve bilateral
coordination and the capacity for dynamic stabilization.

Proprioceptive training, integrated into the use of the "TR
Buzz", refines the central nervous system's ability to perceive
and respond to variations in position and movement,
optimizing neuromotor control (Aman et al., 2015).

TOOLS AND METHODS

Characteristics and protocol for strengthening the lower
limbs with the “BuzzChain”

The progression begins with the acquisition of balance
on the suspended chain, and then gradually introduces
specific exercises, such as the “% Squat” and the single leg
“Pistol Squat”. The intensity of the exercises is modulated by
varying the knee flexion angle, the number of repetitions and
series, and recovery times. The TUT (Time Under Tension) is
controlled by varying the execution times of the eccentric,
isometric and concentric phases of the exercise.

Various execution methods can be used such as:

e 3-1-x: 3 seconds for the eccentric phase, 1 second for
the isometric phase, explosive time (x) for the concentric
phase, or

e 6-3-x: 6 seconds for the eccentric phase, 3 seconds for
the isometric phase, explosive time (x) for the concentric
phase.

The concentric phase (x) is performed explosively, to stimulate
the recruitment of fast-twitch muscle fibers. The training
volume is controlled through the number of repetitions (2-3)
and sets (3-5), with 3-4-minute recovery between sets.

The intensity is modulated using body weight, with the
possibility of adding overloads (belt with additional weights)
to increase resistance. At the end of each series, 3 explosive
jumps are performed on the spot, to exploit the PAP
phenomenon and increase neuromuscular performance.
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Figure 3. TR Buzz equipment.

Figure 5. TR Buzz exercise 2.

Performing exercises on the "BuzzChain" requires high
neuromotor and proprioceptive control, improving the ability
to dynamic stabilization of the joints. Varying the TUT and
performing explosive exercises stimulate the recruitment of
motor units and intermuscular coordination. The use of body
weight and the modulation of the TUT allow you to generate
high muscle stress, favoring an increase in strength and
minimal hypertrophy.
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The addition of overloads furtherincreases the intensity of the
training, stimulating more significant muscular adaptations.
The execution of explosive exercises (jumps) after strength
exercises induces the PAP phenomenon, improving
neuromuscular performance by increasing the recruitment of
motor units and the speed of muscle contraction.

Clinical experience reports significant benefits and
comforting results in using this training protocol. Athletes
report a preference for this type of training over using
traditional weightlifting. The use of this protocol is safe
and effective even in children, with due precautions. This
functional training protocol represents an effective approach
to strengthening the lower limbs, combining the benefits of
strength, proprioceptive and neuromotor training. Further
studies are necessary to quantify the effects of this training
protocol on maximal strength, hypertrophy and athletic
performance.

Characteristics and protocol for strengthening the upper
limbs and core with “TR Buzz”

The “TR Buzz" was born from the awareness that training
with tools that require symmetrical and synchronous
engagement of the limbs (such as the TRX) does not reflect the
biomechanics of sports movements, which are predominantly
asymmetrical and alternating (Buzzelli, 2021). In fact, human
motor activity is regulated by complex neurophysiological
mechanisms, including the cross reflex (Gervasio et al., 2015),
which coordinates limb movements in an alternating and
synergistic way.

The "TR Buzz" was designed to improve the tonic strength
of the upper limbs, stimulate the cross reflex and improve
intermuscular coordination, using a pulley that constrains the
movements of the limbs in an alternating manner. It consists
of a mountain rope (approximately 10 mm in diameter and
3.20 m in length) with two handles at the ends, which runs
through a pulley.

The pulley, when attached to a solid support placed at a
variable height of 2-2.50 m, reduces the length of the rope
to approximately 1.5 m per side, allowing the execution
of exercises that simulate the asymmetric and alternating
movements of the upper limbs. The protocol involves the
execution of exercises that involve alternating traction of the
upper limbs, with the body inclined in relation to the ground.

RESULTS

The "TR Buzz" allows the player to train the agonist and
the antagonist muscles in a functional and specific way for
sports movements in general and tennis in particular. In
fact, it activates the agonists during the traction phase and
necessarily inhibits the antagonist muscles during the release
phase and the return to the starting position. The inclination
of the body, which must remain inclined but upright, activates
the core muscles improving stability and coordination
(Akuthota et al., 2008). The progression is based on the
gradual increase in the number of repetitions, the series, the
progressive inclination of the body with respect to the ground
and the complexity of the exercises, with particular attention
to correct execution and balance (Osawa et al., 2013).
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They are normally proposed based on gender and age as
well as the level of physical performance, from 2 to 4 sets
of 7 to 14 repetitions per arm. Recovery between sets is
1'30", interspersed with medicine ball throws (while sitting),
weighing 7% of body weight (Buzzelli, 2007; 2024) for post-
activation strengthening (PAP).

PRACTICAL APPLICATIONS

Several practical aspects should be noted when applying
these innovative methods.

From a periodization perspective, trainers and coaches should
use the general principles followed in their strength training
prescriptions to find specific guidelines on how the sessions
should progress athletes from basic to advanced exercises
using these tools.

In terms of material, the equipment is safe and effective
even in young athletes, reducing the risk of injuries to the
shoulders, elbows and wrists. The exercises used in training
with "TR Buzz" include exercises for loosening the shoulder
girdle, strengthening the Forearm Pronators, Rotator Cuff,
Deltoid, Biceps Brachialis, Triceps Brachialis, Pectoralis,
Trapezius, Latissimus Dorsi, Rectus Abdominis, Obliques and
Transverse Abdominals, Lumbar muscles. The routine can be
viewed on Youtube under "The TR Buzz" (Buzzelli, n.d.).

Training with "TR Buzz" improves core strength, coordination
and stability, optimizing athletic performance. Unlike elastic
bands that increase tension and slow down the movement as
their elongation increases, the "TR Buzz" allows you to apply
high force at the beginning of the movement and reduce
resistance during the final phase, simulating the dynamics
of tennis hitting movements (Hetrick, 2001). Personal
experience reports significant benefits and comforting
results in using this training protocol. Further studies would
be necessary to quantify the effects of this training protocol
on maximal strength, coordination and athletic performance.

Study limitations and future research

Regarding the limitations of this article, the author
acknowledges that while the methods, procedures, and
practical applications are described in detail, there is no
mention of a controlled research study, using a systematic
methodology, the participant sample and recruitment, testing
protocols, assessment criteria, or performance hypotheses,
data and outcomes as this is not a research manuscript.
Therefore, this is an example of practical intervention with
tennis players.

Future research directions should be aimed at the
testing of the methods with different age groups and the
implementation of longitudinal studies with the inclusion of
results (i.e. EMG data that could be available) and their proper
statistical analyses, which could demonstrate the activation
levels compared to traditional weight training.

CONCLUSIONS

The tennis player, to give greater incisiveness to his shots,
needs to develop high gradients of dynamic strength for both
the upper and lower limbs. The most used practice to achieve
this goal is traditionally to rely on exercises with overloads.
Considering that the execution of tennis techniques repeated
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over time, both for hitting the ball (torsions of the trunk) and
for moving on the court (sudden changes of direction), are
in themselves traumatic for the joints and especially for the
spine, it was thought and put into practice an innovative
methodology to train strength in an alternative way, which
contributed to a reduction to the minimum possible of risks
from trauma caused by poor execution of exercises with
overloads, especially those placed on the spine, and by the
extent of the overload itself (Knudson & Bahamonde, 2001).

The experience verified in the results indicated that
these methods also act significantly in the prevention of
accidents. In fact, by using body weight and tools that
allow its amplification (“BuzzChain” and “TR Buzz"), thanks
to some measures and techniques (medullary reflex and
positional instability), the objectives of obtaining good levels
of strength and reduction and prevention of injuries were
achieved effectively and safely. "BuzzChain" and "TR Buzz",
two simple, effective tools, without risk of injury in their use,
which can be an alternative to an entire gym, both in training
fields that do not have them, and when you are out and about
for tournaments.

It is hoped that the paper has successfully outlined the
practical application of these methods, making them
accessible for coaches and athletes. The detailed exercise
descriptions help illustrate how these tools can be integrated
into training. It is reiterated that maintaining a good level of
muscular strength is essential to be able to compete at your
best, even more so if what is done does not involve risks and
helps prevent injuries.
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ABSTRACT

This research examined women's participation in masters tennis competitions in Turkiye
in the last 10 years. The descriptive analysis method was used in the research. The
researcher obtained the data provided as open access. A total of 53.016 data were
rearranged and transferred to the analysis program. The participation variables of women
tennis players in Masters Tours were obtained according to the year they participated,
age categories, national-international competitions, and cities. Descriptive statistics
were made with these variables and visualized through graphics. It was determined that
there were 6627 participants in Masters Tours between 2016 and 2024. The results
showed an increase in women's participation in masters tennis competitions in Turkiye
according to years and age categories. It is thought that the increase in the number of
Masters Tours and the strategy of ITF to reach more tennis players support the increase

in women's participation in Turkiye and the rest of the world.

INTRODUCTION

Masters Tennis tournaments, often referred to as veteran or
senior competitions, are events designed for tennis players
aged 30 and older. These tournaments celebrate the longevity
of athletic excellence, providing a platform for players to
continue competing at a high level beyond their prime years
in the professional circuit. Governed by organizations like the
International Managed by the International Tennis Federation
(ITF), the Masters Tennis Tours are structured according
to thirteen age categories from 30+ to 90+, ensuring fair
competition between players in similar age groups (ITF, 2025).
These tournaments are held worldwide, drawing both amateur
enthusiasts and former professionals, offering a vibrant
community and fostering camaraderie among players. As well
as reigniting the competitive spirit, Masters Tennis promotes
health, fitness, and a lifelong love of the sport and underpins
this with its latest slogan, "Passion to Play: Meet, Compete,
Improve, Repeat." With regional, national, and international
events culminating in prestigious championships, the Masters
Tennis circuit is a testament to the enduring appeal of tennis
across generations. The tournaments are included in the ITF
program, and players from anywhere worldwide can register
and participate in the tournament they want according to the
announced dates. To participate in the tournament, you must
have an International Player Identification Number (IPIN,
2025). More detailed and up-to-date information can be
obtained from the ITF official website.

Tennis is one of the sports branches that is the focus
of a great number of academic studies in the fields of
performance, health, psychology, etc. When these studies

are searched with the keywords "adult tennis" in the Web of
Science academic database, it is striking that the focus of the
studies is generally on determining physical and physiological
profiles (Vodak et al., 1980; Sanchis-Moysi et al., 2004),
health benefits, health parameters, match characteristics,
and performance and health areas (Figure 1). In some studies,
on older individuals, topics such as participation in physical
activity and well-being (Joseph et al., 2006; Lee & Hung,
2011) have been addressed, and tennis has been included
among other branches or activities. In the study conducted
by Legg et al. (2017), specifically regarding tennis, the
experiences of adults participating in tennis leagues were
investigated by examining the issues of social benefits and
sense of community. However, no studies have been found
in this study that attempts to describe the participation of
adult female individuals who turn to tennis in their free time
and participate in national and international (ITF) masters
competitions and the decrease or increase in the number of
participants. It has been observed that this information can
generally be obtained from the limited amount of information
published by official organizations such as national federations
and the ITF.
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Figure 1. Key words in adult tennis research.
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Countries worldwide are developing and implementing
various projects to increase women's tennis participation
under the ITF's leadership. It is thought that women's
participation is increasing daily thanks to the work carried
out within the scope of these projects. Thanks to the
advancement of technology, the introduction of artificial
intelligence, the elimination of language and communication
problems, and the positive use of social media in areas such
as promotion, information, education, etc., people can now
access global information more easily, and this is thought
to have a positive effect on the increase in participation. All
these developments are also used by individuals in Turkiye
who are interested in tennis or who have been introduced to
tennis in some way.

It is seen that the studies conducted on tennis and women
are generally on topics such as the performance of players,
coaches, and gender equality (Ancalmo et al., 2023; Masunga
& Ancalmo, 2024; Orban-Sebestyen & Gal, 2024). However,
the most important issue reflected and drawing attention
to tournaments is the top players in the rankings and the
competition between them. As usual, at the end of the
tournaments, the tennis players who come first and their
successes are conveyed as a popular topic. However, if the
subject of the study, "participation”, did not exist, there would
never be situations where we would focus on the result.
Therefore, participation and the increase in participation in
women's tennis are the focus of this research. It isn't easy
to reach participants or their information outside of popular
tournaments today. It is possible to follow specific and up-
to-date statistical information on the number of women
masters tennis players by country worldwide from a single
data source only thanks to ITF databases. However, the data
in this area is generally limited, and a detailed distribution
cannot be seen at the national level or obtained by accessing
the data of the relevant national federations. Based on this,
the purpose of this research is to examine the participation
numbers of women players in Turkiye participating in masters
tennis tournaments over the last ten years.

METHOD

Sample

For the analysis of women's participation in Masters in
Turkiye, data was obtained by examining the 52-week Turkish
Tennis Federation (TTF) singles ranking status that is publicly
displayed. The data provided by |-Court was organized in
accordance with the purpose of the research. Women tennis
players who participated in at least one competition were
includedinthe study.Atotal of 53.016 datawere used to obtain
new data. These data are classified separately according to
age categories, years, national and international participation,
and city variables. A total of nine years between 2016 and
2024 were included in the research. Since the data from 2015
was not available in the relevant open-access source, it could
not be added to the research. Age categories were included
in the study according to the classification determined by
the ITF. A total of 10 age categories were examined between
35+ and 80+ age categories. The participation status in
national and international competitions was obtained from
the ranking scores. The 124 clubs to which the licenses of
women masters tennis players are affiliated were examined
and the city variable was obtained. For 3163 individual
licensed participants, the city where tennis was played could
not be determined. These data, which were organized and
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classified, were transferred to the analysis program. The data
were examined on 6627 participation cases.

Table 1
Descriptive information of women participants (2016-2024)..

N Minimum  Maximum
Years of participation 6627 2016 2024
Age category 6627 35 65
Year of birth 6627 1942 1994
35+ years old 1275
40+ years old 1562
45+ years old 1525
50+ years old 1216
55+ years old 727
60+ years old 254
65+ years old 68
Total 6627
Analysis

The descriptive analysis method was used in the research. The
data processed in the analysis program were visualized using
basic graphics. Separate findings were obtained according to
the years, age categories, and national, international, and city
participation status of women masters participants.

RESULTS

In the study, it was determined that there were 6627
participants in total according to age categories in the nine
years between 2016-2024: 35+ 1275, 40+ 1562, 45+ 1525,
50+ 1216, 55+ 727, 60+ 254, 65+ 68. In addition, according
to the latest information on the ITF Word Tennis Masters
Tour rankings as of January 27, 2025, two women tennis
players were in the 70+ category. No participation in national
and international masters tennis tournaments was observed
in the 75+, 80+, 85+, and 90+ age categories.

Age
Category
W35+ age
W40+ age
W45+ age
W50+ age

55+ age
W60+ age

65+ age
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300

250

200

150

Number of participation
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Year
Graph 1. Participation by years and age categories.
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It has been found that there has been a significant increase
in women's participation in Masters tennis tournaments by
age category in the last three years. It was determined that
the total participation, which was 473 in 2016, would be
1365 in 2024. It is noteworthy that this noticeable increase
in age categories over the years is relatively low in the 65+
age category. It has been seen that there was a total of 68
participants in the 65+ age category in the nine years.

E National

1.250 W Nationak-International

8
8

Number of participation

250

2016 2017 2018 2019 2020 2021 2022 2023 2024

Year

Graph 2. Total participation by years.

It has been found that there has been a significant increase
in participation in national and international masters tennis
tournaments in the last three years.
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Graph 3. National/International total participation by age categories.

It was found that the women masters tennis players who
participated most in national and international masters tennis
tournaments between 2016 and 2024 were in the 40+ and
45+ age categories.
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Graph 4. Total participation by city and year.
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Between 2016 and 2024, there was participation in masters
tennis tournaments from 36 cities. It was determined that
masters women who participated in the competitions on
behalf of the club had licenses in 124 different clubs. It
was found that the highest participation was from Istanbul
(36 clubs, n=1108), Antalya (7 clubs, n=403), Izmir (11
clubs, n=379) and Mersin (4 clubs, n=293). Similarly, it was
observed that the highest participation in international (ITF)
masters tournaments was from the same cities. It could not
be determined from which cities and clubs individual masters
tennis players (n=3163) participated in the tournaments.

DISCUSSION

In the research, numerical data belonging to women
participants participating in masters tennis competitions
in Turkiye were examined in four main areas. The results
obtained according to the research results are summarized
below according to subheadings.

The total number of participants has increased over the years

According to the data obtained in 2016, the number of
participants, which was 7.1%, increased to 20.6% in 2024.
However, considering that there are an average of 21 million
women between the ages of 35-90 in the country according
to Turkish Statistical Institute (TSI, 2023) data for 2023, it
should not be forgotten that the participation of a total of
1011 women in masters tennis tournaments in 2023 is
almost non-existent and a saddening situation. According to
the latest data shared by the ITF, it has been reported that
there are 35,380 registered masters players (ITF, 2025). It is
thought that the decrease in participant numbers, which was
7.1% in 2019 and 7.8% in 2020, is due to the grave situation
affecting the whole world due to the Covid 19 pandemic.
A very significant increase in participation in 2022 and
afterwards is remarkable. This situation can be interpreted
as individuals who have emerged from the pandemic due
to the epidemic prioritizing sports preferences for a healthy
life. In addition, it is thought that the projects of high-level
institutions and organizations around the world to direct
more people to sports for a healthy life are also effective.
Thanks to these projects, the creation of opportunities and
the organization of more sports events make the increase
in participation numbers obvious. For example, the increase
in the number of Masters Tours organized by the ITF (552
tournaments) and the addition of new ones to the venues
where the competitions are held (69 national hosting events)
have removed the players from having to go to certain places
and increased their participation by choosing the areas that
are suitable for them. The increase in Masters Tours organized
in Turkiye is also considered an essential factor in women
involvement in Masters in the last decade.

Total participation by age category has increased

A significant increase in women's participation in masters
tennis tournaments in Turkiye has been found between 2016
and 2024 according to age categories. In general, increases
were observed in the 35+ to 55+ age categories, with the
highest participation being in the 40+ (23.6%) and 45+ (%23)
age categories. This situation decreases after the 60+ age
category. However, there is still an increase in the 60+ and
65+ categories. As the number of women playing tennis in the
lower age categories increases, it is thought that participation
in masters tennis tournaments in the older age categories will
increase in the next decade. However, according to I-Court
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data, there are no women masters tennis participants in the
70+, 80+, 85+, and 90+ age categories. However, according
to the ITF World Tennis Masters Tour Women's ranking data
of January 27, 2025 (ITF Ranking, 2025), it was determined
that there were 75+ 130, 80+ 71, 85+ 34, and 90+5
women participants in these age categories from the USA,
Great Britain, Australia, and France. Considering the tennis
history of these countries, it is thought that women tennis
players playing in these age categories were introduced to
tennis at an earlier age, continued to play as a culture, and
the importance of the country’s policy are major factors.
As the tennis-playing culture develops in Turkiye and this
increasing graph in women’s participation is considered, the
representation of women in each age category will increase.
In addition, it is thought that this situation can be improved
by increasing awareness of healthy aging, spending time in
activity and doing sports, and providing opportunities to play
tennis for older age groups. Activities that will enable these
age groups to play tennis should be increased. The provision
of tennis services and trainers for these age groups by local
institutions and organizations in Turkiye can be implemented
with projects to be developed.

The number of participants in national and international
masters tennis tournaments has increased

The increase in general participation in masters tennis
tournaments has also led to an increase in participation in
national and international masters tennis tournaments.
It was found that the women masters tennis players who
participated the most in national and international masters
tennis tournaments between 2016 and 2024 were in the
40+ and 45+ age categories. It can be interpreted that the
fact that the ITF hosted the European and World Club Team
Championships in Turkiye in some years had a positive effect
on this increase in participation and attracted the attention
of women masters participants. Because participating in
these high-level competitions without going abroad is a
very positive situation for women participants in these age
categories. The fact that the women participant profiles in
Turkiye who participate in masters tennis competitions do
not do this job professionally is a situation that negatively
affects the increase in participation. Because especially a
large percentage of women participating in competitions
between the age categories of 35+ and 55+ are women who
continue their active working lives.

Number of participants by city

Atotal of 36 cities participated in masters tennis tournaments
between 2016 and 2024. Considering that there are 81 cities
in Turkiye, it can be said that this rate of close to 50% is still
quite low. Because it has been determined that the number
of cities with the highest participation varies between 9-10.
According to this determination, Istanbul, Antalya, Izmir and
Mersin are clearly the leaders in the number of participants
every year. It is thought that this situation is because
these cities are mega cities of Turkiye, their populations,
number of clubs, tennis opportunities and the number of
tennis tournaments organized. Similarly, the cities with the
highest participation in national and international masters
tournaments are also the same cities.

International Tennis Federation

CONCLUSION

In this research conducted to examine the participation of
women in masters tennis competitions in Turkiye in the last
10 years, the main finding was that the number of women
participants has increased. However, since the results
obtained in this study evaluated the participation of women
masters tennis players in competitions with findings obtained
from numerical data, it could only reveal the increase in
participation. The data collection method used for the study
was obtained through open-access resources. This situation
also reveals the limitations of the study. Apart from the data
sources used for this study, it is thought that there are more
organizations, events, and competitions organized officially or
specifically for masters tennis players. The fact that there is
no gender discrimination in official competition organizations,
and even the existence of mixed doubles categories, ensures
that women and men participate in tournaments with equal
rights. This is the best aspect of the egalitarian approach of
the tennis branch. However, it can still be seen by looking
at the participation numbers in tournaments that women's
participation in individual masters tennis competitions in
Turkiye is less than men's. Regardless of the purpose of doing
sports, a deeper and more detailed examination of adult
individuals participating in competitions through activities,
especially women's participation, is recommended for future
research.

Women'’s participation in the Masters Tennis tournaments is
important because it focuses on promoting gender equality
in sports (ITF, 2024), health/wellbeing benefits, challenging
age and gender norms (Huggins and Randell, 2007), being
role models for future generations (LTA, 2024), fostering
community and camaraderie (Boyd, 2023), advancing
competitive opportunities for women and economic growth
in women'’s sports (ITF, 2023), making it a powerful tool to
promote equality, health, and community while celebrating
the enduring love of tennis across all ages.

Organizations and sports events have a significant impact
on the spread of playing tennis. Because individuals try to
do some things together by organizing, which they cannot
do alone, it is thought that the increase in tennis-related
activities by authorized institutions and federations will
increase the participation of more individuals and, therefore,
women in tennis.
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ABSTRACT

This study validates an initial on-court assessment for the International Tennis
Federation (ITF) World Tennis Number (WTN), designed for players without prior
ratings. The research followed a multi-phase approach: (1) literature review, (2) ITN-
WTN equivalence analysis, (3) evaluation of existing on-court tests, and (4) validation
with 106 recreational players across six countries. Pearson’s correlation and stepwise
multiple regression identified ITN-based test as the strongest predictor of WTN (r =
-0.45, p < 0.05), followed by serve (r = -0.39, p < 0.05) and volley (r = -0.31, p < 0.05).
The final model (B = -0.0464, p < 0.001) explained 19.8% of WTN variance. These results
confirm the ITN-based on-court test as a reliable tool for assigning initial WTN ratings.
The implemented tests assessed serve, groundstrokes depth, groundstrokes accuracy,
and volleys. Their strong correlation with WTN supports their validity in structured
player classification. This assessment offers a standardized, accessible approach for
players without match history, ensuring a fairer rating system.

INTRODUCTION

A player tennis rating is a numerical representation of a tennis
player's skill level, designed to facilitate fair and competitive
matchups. Systems such as the International Tennis
Federation's World Tennis Number (WTN) and those used by
several national tennis federations, provide a standardized
measure of a player's abilities based on their performance in
matches (ITF, 2025). These ratings consider various factors,
including match outcomes, the strength of opponents, and the
competitiveness of the matches. By offering a consistent and
objective assessment, tennis ratings help players, coaches,
and organizers to gauge skill levels accurately, ensuring that
players compete against others of similar proficiency, which
enhances the overall competitive experience. While rating
systems typically rely on match data, such approaches may
be impractical or inaccurate for players without a competition
history. Alternative methods, such as self-assessment or
coach-reported ratings, are susceptible to subjective bias
and inconsistencies across contexts. In contrast, an on-court
assessment offers a standardized and objective means to
evaluate technical competencies, providing a more equitable
entry point into the rating system. This is particularly crucial
for newcomers or recreational players, for whom reliable
competitive data may be unavailable.

The importance of an appropriate initial on-court test for
tennis ratings cannot be overstated. Such assessments are
crucial for establishing a reliable baseline rating for players
who lack prior ratings, ensuring that their skill levels are
accurately reflected from the outset. This initial evaluation
usually focuses on technical competencies, such as serve,
forehand, and backhand strokes, which are fundamental to

a player's performance (Strecker et al., 2011). In addition to
traditional models like the ITN or NTRP, recent developments
in performance rating systems have incorporated advanced
computational methods to improve accuracy and applicability.
Kyriakides et al. (2015) introduced AccuRATE, a hybrid
approach that combines linear algebra models with machine
learning to enhance prediction capabilities in football.
Similarly, Ismail (2023) proposed the Estimated Performance
Rating (PRe), a novel system designed to overcome the
limitations of traditional Tournament Performance Ratings
(TPR), particularly in cases of perfect or null scores, and
applicable across tennis, football, and chess. These models
highlight the ongoing evolution of rating systems toward
more robust and adaptable frameworks.

Implementing a scientifically validated on-court test helps to
maintain the integrity of the rating system, providing a fair
and equitable starting point for all players. This approach
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not only promotes fair competition but also aids in the
development of tailored training programs that address
individual strengths and weaknesses, ultimately contributing
to the player's growth and progression in the sport (Slosar et
al., 2019).

The ITF continues to successfully roll out the ITF World Tennis
Number (WTN) product with the aim to build a large, engaged
community of global players in all nations of the world. The
ITF World Tennis Number is a real-time skill level rating
system designed for tennis enthusiasts of all levels (Santilli
& Crespo, 2024). Like a golf handicap, the WTN provides a
numerical representation of a player’s ability, enabling them
to find opponents who match their skill level anywhere in
the world. This global rating system simplifies the process
of identifying suitable playing opportunities, making tennis
more accessible and enjoyable for everyone. It also serves as
a tool to track the development of one’s game over time. One
of the largest and more accurate database of match records
from close to nations is used to power both a singles and a
doubles algorithm that updates globally on each Wednesday
of each week. In 2023, the Intercollegiate Tennis Association
(ITA) adopted ITF World Tennis Number as its exclusive rating.
The WTN and is now seen on rosters and player profiles for
all US College players (Santilli & Crespo, 2023).

Research has explored the validity and accuracy of the
ITF WTN and has concluded that its accuracy levels are
statistically greater than chance and is a valid measure of
player skill based upon its ability to predict match outcomes
(Im & Lee, 2023; Krall et al., 2024; Mayew & Mayew, 2023).

Following the ITF WTN current success and mirroring the
steps taking for the implementation of the ITF WTN, it was
suggested to create an on-court assessment to facilitate the
delivery of this new rating system. The aim of the new on-
court assessment was structured around various terms of
reference. Initially, it would be geared towards individuals
who had no ITF WTN rating. The assessment would not
provide an indication of the player's tennis skill level but
rather its equivalency to the ITF WTN. It would be intended
as a one-off assessment to provide the initial ITF WTN rating
and would not be used for periodic ratings, which would only
be achieved through participation in competitions.

The development of the assessment would be evidence-
based, following a scientific study conducted in the field,
and would incorporate practical experience and knowledge
from previous on-court rating assessments, such as the
ITN. The assessment would be designed to be technically
sound, focusing on the technical competency of the player.
In principle, it would not consider tactical, physical, mental,
or competitive competencies as variables to facilitate its
practical implementation in a variety of tennis settings
worldwide.

LITERATURE REVIEW

As part of this process, and in line with usual research
processes, a literature review was deemed necessary. This
section will cover previous assessments of tennis skill levels,
including the ITN and other relevant tests. Key studies
and methodologies will be discussed highlighting the skills
measured in tennis and their correlation with performance
levels.

International Tennis Federation

Historically, research has explored the use of on-court tennis
assessments to provide accurate player ratings (Broer & Miller,
1950; Digennaro, 1969; Dyer, 1935; Fox, 1953; Hewitt, 1965,
1966, 1968; Kemp & Vincent, 1968; Miller, 1953; Purcell,
1981). As an example, the National Tennis Rating Program
(NTRP) has been used in the USA (Delaney, 1982) to rate the
tennis ability of amateur players for a considerable number
or years.

In 2003, the ITF launched the International Tennis Number
(ITN) as an instrument to increase participation in the ITF’s
member nations. The ITN was structured in a 1-10 rating
system which was very straightforward and simple for tennis
players around the world to comprehend. The introduction
of sub-categories for beginner players (ITN 10.3, ITN 10.2,
and ITN 10.1) facilitated the inclusion of players of all skill
levels to have an ITN (ITF, 2003a). It was also related with
existing national rating systems in some nations (such as the
NTRP in the USA, the "classement" system in France, and the
British rating system) using an ITN Conversion Chart (ITF,
2003b) as well as a description of standards (ITF, 2003c). It
was adopted by close to 40 nations worldwide. Furthermore,
since its launch, the ITN has been used as an indicator of the
skill level of tennis players in multiple research studies related
to physical fitness (Olcucu & Vatansever, 2015), health
benefits (Fernandez Fernandez et al.,, 2009), psychology
(Cherappurath et al., 2020), or stroke classification (Wu et al.,
2022) among others. Apart from research projects, the ITN
was also used by sport organisations such as Special Olympics
for the classification of the tennis players participating in
their competitions (Special Olympics, 2025).

To emphasise the practical application of the ITN, an objective
on-court assessment was developed. This tool was created
specifically for the ITN and was an important instrument
to facilitate the adoption of the rating. It was developed to
engage recreational players who did not regularly participate
in competitions. It served as an objective method for
initially rating players at this level. While some limitations
acknowledged as related to assessments non based on tennis
match results (such as static feeding, assessing strokes in a
closed situation, and only evaluating certain strokes), it was
felt that the assessment could be used alongside the ITN.
It not only provided an objective method for initially rating
players without previous competition results but also served
as an instrument that would assist in the promotion of the
game and motivate players of all levels to have a more
objective awareness of the level of their game (ITF, 2004).

The assessment measured certain key strokes on consistency,
accuracy (1st bounce), power (2nd bounce) and measures
mobility. Coaches were registered as official assessors to
use the instrument to rate players for competition and
training (Sharp, 2007). The ITN on-court assessment was also
included in the syllabi of the ITF coach education courses as
part of the content for the first certification levels.

Therefore, following the steps taken in the implementation
of the ITN and the ITN on-court assessment, the goal of this
article is to outline the development and validation of an
initial on-court assessment for the ITF World Tennis Number
(WTN). This assessment is designed for players without a prior
WTN rating and focuses on their technical competencies.
The assessment is evidence-based, drawing from scientific
research and practical experience with previous on-court
rating assessments, such as the ITN.
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METHODOLOGY

Study design and implementation phases

The research was conducting following several
implementation phases. The first one was the literature
review which encompassed a comprehensive examination
of existing studies on tennis skill assessments and their
pertinence to the World Tennis Number (WTN) as shown
previously. The second phase consisted in an initial search
for equivalence between the ITN and WTN was explored,
considering various tests. This exploration aimed to establish
a foundational equivalency between the two rating systems.

Subsequently, the third phase involved the analysis of the most
pertinent tests undertaken based on the literature. Notable
examples of these tests included the Avery Richardson Tennis
Serve Test (Avery et al., 1979, 1981; McGhee, 1981), the ITN
on-court assessment, and the Dutch Technical-Tactical Tennis
Test (D4T) (Kolman et al., 2017). These tests were chosen for
their relevance and ability to accurately measure tennis skills.
The initial conclusion of this phase was that the ITN on-court
test seemed the most accurate and viable according to the
goals of the study.

Finally, the fourth phase consisted in the establishment of
an equivalency between the ITN-based on-court test and
the WTN. This validation was conducted through practical
on-court testing involving 106 players, who were later
categorized into four distinct WTN level groups. Statistical
analysis was employed to identify the sections of the ITN-
based on-court test that most effectively predicted the
players' WTN, ensuring the reliability and accuracy of the
assessment process.

Sample

The sample included 106 recreational players, with a mean
age of 18.62 + 9.33 years and a WTN between 20 and 40,
representing the national federations from the following
nations: Argentina, Brazil, Colombia, Singapore, the United
Kingdom, and the United States. The selection criteria for
these nations included the degree of implementation of
the ITF WTN, availability of test deliverers, availability of
players, regional distribution, and recognition of their Coach
Education System.

All playersjoined voluntarily to take partin the study, theywere
informed of the research procedure prior to commencement
by the test deliverer, they all indicated that were healthy and
injury free, were given the opportunity to ask any questions
regarding the process and agreed to participate freely in the
activity. Table 1 shows the geographical distribution of the
players participating in the study.

Table 1
Geographical distribution of the players participating in the study.

Countries Number of players
Argentina 17
Brazil 15
Colombia 20
Singapore 17
United Kingdom 16
United States 21
TOTAL 106

International Tennis Federation

Instrument

As indicated, it was considered that the ITN was the on-
court assessment test that would better adapt to the goals
of the study. Furthermore, due to previous challenges
in the implementation and measurement of the mobility
section of the ITN test, it was agreed that the test would
comprehensively cover all the basic tennis strokes — serve,
groundstrokes depth, groundstrokes accuracy and volleys —
ensuring that players were assessed across the full range of
fundamental techniques. The decision to exclude physical
components from the assessment was made deliberately to
ensure broad applicability and ease of implementation across
diverse tennis settings. While tactical decision-making and
physical fitness are undoubtedly integral to overall tennis
performance, their reliable measurement typically requires
more complex testing protocols, greater assessor expertise,
and specific equipment or match-play conditions. These
constraints would hinder the scalability of the tool, particularly
in developing contexts or grassroots programs. Therefore,
prioritizing technical stroke execution allows for a valid and
objective assessment that remains accessible, time-efficient,
and consistent across settings, without compromising the
purpose of initial classification. It was believed that this
inclusion guarantees a holistic evaluation of a player’s on-
court capabilities as per stroke production. For a description
of the main characteristics of the ITN on-court assessment
test interested readers are directed to its guide (ITF, 2004).
The ITN-based on-court assessment tests selected for this
study are shown in Figure 1.

Groundstroke Depth Volley Depth Groundstroke Accuracy

Maximum Score: 90 Maximum Score: 72 Maximum Score: 84 : Maximum Score: 108

Figure 1. ITN-based on-court assessment tests selected for this study.

Data analysis

Descriptive statistics were calculated for all variables,
expressed as means and standard deviations. The normality
of the distribution was assessed using the Shapiro-Wilk test,
revealing that all variables followed a normal distribution.
Given these results, parametric tests were applied for
normally distributed variables. A Pearson’s correlation
analysis was computed to assess the relationships between
the variables. Correlations were classified as trivial (0-0.1),
small (0.1-0.3), moderate (0.3-0.5), large (0.5-0.7), very large
(0.7-0.9), nearly perfect (0.9), and perfect (1.0) Additionally,
a stepwise multiple regression analysis was performed
to determine the best predictors of WTN, retaining only
the most relevant variables based on Akaike Information
Criterion (AIC). The final predictive model was evaluated in
terms of its explanatory power, using the adjusted R?* value
and the Root Mean Square Error (RMSE), obtained through
cross-validation. Statistical significance was established at an
alpha level of p < 0.05. All statistical analyses were performed
using RStudio (Version 2024.04.1+748.)
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RESULTS

Table 2 presents the descriptive statistics for each of the
analysed variables. The results indicate that the mean serve
score was 66.30 (SD = 16.23), ranging from 25 to 96. The
average groundstrokes depth was 52.33 (SD = 12.28), with
values between 20 and 80, while groundstrokes accuracy had
a mean of 55.08 (SD = 14.65), ranging from 23 to 91. The
mean volley score was 34.51 (SD = 10.62), with a minimum
value of 14 and a maximum of 60.

Regarding rating systems, the International Tennis Number
had a mean value of 211.86 (SD = 37.43), ranging from 118 to
305. The World Tennis Number showed an average of 27.81
(SD = 3.83), with a minimum of 20 and a maximum of 40.

Table 2
Descriptive statistics of performance and rating variables.
Variable Mean (SD) Min-Max
Serve 66.30 (16.23) 25-96
Groundstrokes depth 52.33(12.28) 20-80
Groundstrokes accuracy 55.08 (14.65) 23-91
Volley 34.51(10.62) 14-60
ITN-based on-court test  211.86 (37.43) 118-305
World Tennis Number 27.81(3.83) 20-40

SD: Standard deviation; Min: Minimum; Max: Maximum; ITN: International
Tennis Number.

The correlation coefficients between the variables are shown
in Figure 2. The ITN-based test had the strongest negative
correlation with WTN (r = -0.45, p < 0.05), followed by Serve
(r = -0.39, p < 0.05) and Volley (r = -0.31, p < 0.05). Other
variables (Groundstrokes depth and Groundstrokes accuracy)
showed weaker correlations with WTN. These results indicate
that higher ITN scores are associated with lower WTN scores,
suggesting that ITN-based test is a critical factor in predicting
WTN.

ITN- 067 065 069
sample sizes:
n=106
correlation:
Pearson
10
Serve- 037 043 038 | | s
00
05
10
GS_Accuracy- 036 032
Volley- 029
N ¢
& o & &@@ i &
o7 e
[ o3

Figure 2. Correlation between the tests of the ITN-based test with the
WTN.

Note: GS: Groundstrokes
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As shown in Table 3, the stepwise multiple regression
analysis retained ITN as the only significant predictor of
WTN, removing groundstrokes depth, Volley, groundstrokes
accuracy, and serve due to their lack of statistical significance.
The final regression equation was: WTN=37.64-0.0464x|TN-
based.

Table 3
Stepwise regression model results.

Predictor  Estimate Std. Error t-value p-value AIC
Intercept 37.6429 1.9229 19.577 <0.001 263.17
ITN-based -0.0464 0.0089 -5.194  <0.001
test

The model was statistically significant (F (1, 104) = 26.98,
p < 0.001), indicating a meaningful relationship between
ITN-based test and WTN. The adjusted R? value was 0.198,
suggesting that ITN explains approximately 19.8% of the
variance in WTN. The negative coefficient for ITN (-0.0464,
p < 0.001) confirms that as ITN-based test increases, WTN
decreases. The residual standard error of the model was
3.428, and the Root Mean Square Error (RMSE) on the test
dataset was 3.54, indicating moderate predictive accuracy.

DISCUSSION

The findings of this study provide strong support for the initial
validation of the ITF World Tennis Number (WTN) on-court
assessment as a reliable method for assigning initial player
ratings. The observed correlations between WTN ratings and
on-court performance indicators align with previous research
validating rating systems such as the ITN and UTR (Im & Lee,
2023; Krall et al., 2024). This reinforces the legitimacy of
using standardized assessment methods to determine player
skill levels, particularly for those without prior match results.

A key implication of our results is that the assessment offers
a practical and scientifically grounded solution for assigning
initial WTN ratings. Prior to this, rating systems like the WTN
relied primarily on competitive match data (Santilli & Crespo,
2023). However, this approach posed challenges for new
players, as they required match history to receive an accurate
rating. The introduction of an on-court assessment addresses
this gap, ensuring that all players, regardless of competition
history, receive an initial rating that reflects their technical
abilities.

Our findings are in line with previous research highlighting
the importance of objective skill assessments in tennis.
For example, standardized rating scales such as the ITN
have been successfully utilized in junior player evaluations,
demonstrating high validity and reliability (Ngatman et
al., 2023). Similarly, studies on tennis ratings have shown
that structured assessment methodologies contribute
to improved match predictability (Im & Lee, 2023; Krall
et al., 2024). The results of our study further confirm that
structured on-court assessments can serve as effective tools
for categorizing player skill levels in a manner consistent with
broader rating frameworks. While the predictive accuracy
of the WTN system has been affirmed in prior studies (Im
& Lee, 2023; Mayew & Mayew, 2023), questions remain
regarding the impact of algorithm modifications on rating
stability (Krall et al., 2024). Future research should examine
whether adjustments to the WTN algorithm, such as those

April 2025, 33th Year, Issue 95 @



Coaching & Sport Science Review

implemented in 2023, enhance the predictive capacity of the
system or introduce new biases (Krall et al., 2024). Moreover,
further investigations should explore the extent to which
on-court assessments predict future match performance,
especially among junior and recreational players.

Another important consideration is the potential integration
of physical and tactical components into the on-court
assessment. Although our study focused primarily on
technical competencies, prior research suggests that physical
attributes, such as agility and endurance, also correlate with
player performance (Morais et al., 2024; Olcucu & Vatansever,
2015). However, the objective of this initial validation was to
provide a test that is as simple as possible to apply, ensuring
that coaches can implement it with ease. Objective and
standardized measurement of these components typically
requires either advanced monitoring equipment (e.g., wearable
sensors or video analysis) or simulated match-play conditions,
which may not be accessible in all implementation contexts.
Moreover, such additions could increase administration
time, reduce portability, and complicate scoring reliability. As
such, while theoretically valuable, the practical integration
of physical and tactical aspects must be carefully weighed
against the assessment’s intended simplicity and scalability.

In summary, our study demonstrates that the WTN on court
assessment is a valid and practical method for establishing
initial player ratings.

LIMITATIONS

Despite the promising findings, this study has some limitations.
First, the sample size was limited, and further research with a
larger and more diverse participant pool is needed to confirm
the generalizability of the results. Second, the assessment
strictly considers technical competencies, excluding physical,
mental, and tactical aspects. While this is a limitation, it was
intentionally designed this way to ensure a simple and easily
applicable test for coaches. Third, external factors such as
player motivation and environmental conditions were not
considered, aligning with the study's focus on an objective,
skill-based evaluation.

PRACTICAL APPLICATIONS

From a practical standpoint, the implementation of the WTN
on court assessment offers a valuable tool for coaches and
tennis organizations seeking to integrate a standardized
and accessible rating system. The ease of administration
makes it a practical solution for evaluating players who
lack match history. Additionally, by providing an objective
measure of technical ability, the WTN on court assessment
can assist in training program design and player development
strategies. By providing a standardized approach to rating
assignment, the WTN on court assessment enhances the
inclusivity and accessibility of the WTN system. Furthermore,
organizing tournaments often presents challenges in
accurately determining player levels, and this tool could help
address that issue by offering a reliable initial classification.
Future research should continue to refine the assessment
methodology and investigate its long-term implications for
player development and competitive fairness.

International Tennis Federation

CONCLUSIONS

The decision to implement the on-court test for ITN-based
test has proven to be appropriate, providing a highly accurate
correlation between on-court performance and WTN
classification. The developed formula allows for consistent
and objective calculation of a player's WTN rating based
on their on-court performance. This on-court assessment
provides a highly accurate correlation between on-court
performance and the classification within the ITF World
Tennis Number, ensuring that players are rated reliably based
on their skills and abilities displayed during actual play.

It was also concluded that the ITN on-court test does not
need to be conducted in its entirety. The final physical
test segment has been eliminated, as it was found to be
unnecessary for predicting WTN ratings. The streamlined test
structure focuses on essential components while maintaining
the accuracy and validity of the results, ensuring a holistic
evaluation of players' capabilities. By focusing solely on the
most critical performance components, the revised structure
ensures a comprehensive yet practical assessment, making it
more accessible for a broader range of players and evaluators.

The WTN On-Court Assessment could transform the
landscape of tennis, particularly for recreational players,
over the next few years. Through the WTN On-Court
Assessment, there would be opportunities not only to attract
new individuals to the sport but also to retain and motivate
both new and existing players to engage more with tennis.
It is anticipated that, in a short time, most tennis players
worldwide would hold a WTN On-Court Assessment, which
would be recognized as the most objective procedure to
access the ITF WTN, thus incorporating this crucial rating
language in the tennis community.

As the ITF World Tennis Number continues to evolve, it is
suggested that its on-court assessment will have to be
committed to refining and expanding to be used by as
many interested parties as possible. Future research should
explore additional variables that may enhance the predictive
accuracy of WTN ratings while ensuring the system remains
adaptable to diverse playing conditions and competitive
levels. Moreover, continuous feedback from players,
coaches, and tennis organizations will be crucial in optimizing
the assessment protocol, ensuring it meets the needs of a
growing and diverse tennis-playing population. By embracing
these developments, the WTN On-Court Assessment has
the potential to become a cornerstone of modern tennis
evaluation, supporting data-driven player progression at all
levels of the sport.
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