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““

t's no accident, I think, that tennis uses the language of life. Advantage, service, fault,
break, love, the basic elements of tennis are those of everyday existence, because every
match is a life in miniature.”

— Andre Agassi, Open
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RESUMEN

El saque se ha convertido en una herramienta clave en el tenis moderno, con una
incidencia directa en el juego, especialmente en el contexto de los partidos de dobles. Los
estudios realizados se centran en el servicio en los partidos de dobles de la Copa Davis y
la Copa Billie Jean King, y emplean datos obtenidos a través del sistema Ojo de Halcon
(Hawk-Eye) y técnicas avanzadas de aprendizaje automatico (Machine Learning). El
primer estudio tuvo como objeto analizar las diferencias en las caracteristicas espacio-
temporales y la efectividad de los servicios en el tenis profesional de dobles masculino.
Para ello se analizaron un total de 20.419 saques en 96 partidos de la Copa Davis
disputados entre 2010 y 2019. Los resultados mostraron que los primeros saques dirigidos
a las zonas Abierta y T fueron los més efectivos, mientras quela posicion del sacador
variaba en funcion de la direccion del servicio, independientemente del lado donde se
producia el servicio. El segundo estudio utilizo técnicas de inteligencia artificial (Deep
Learning) para analizar un conjunto de datos compuesto por 14.146 saques en 97 partidos
de la Copa Davis disputados entre 2010 y 2019, con el fin de identificar las variables
clave que maximizan la efectividad del servicio. Los resultados mostraron que las
variables del angulo de servicio y la distancia del bote a las lineas laterales eran las que
tenian una mayor influencia a la hora de lograr un ace o saque directo. En cambio, la
velocidad del servicio mostrd una influencia menor en la efectividad en dobles que en el
tenis individual, ya que velocidades superiores a 187 km/h solo aumentaban un 10 % la
probabilidad de convertir un saque directo o ace. El objetivo del tercer estudio fue
identificar las variables que influyen en la efectividad del primer saque en partidos de
dobles femenino profesional. Se analizaron 4.939 primeros saques de 145 jugadoras en
partidos de la copa Billie Jean King. Los resultados identificaron que el angulo del saque
era la variable de mayor relevancia, seguida por la velocidad y la distancia del bote
respecto a las lineas laterales. Estos hallazgos proporcionan informacion valiosa para las
estrategias de entrenamiento y preparacion tactica en dobles profesional, en concordancia
con investigaciones previas sobre tenis individual masculino. Ademas, ofrece a jugadores
y entrenadores datos muy concretos que pueden utilizarse durante la competicion para

mejorar la efectividad del saque o para ayudar a mejorar la anticipacion en el resto.
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RESUM

El servei s’ha convertit en una eina clau en el tennis modern, amb una incidéncia directa
en el joc, especialment en el context dels partits de dobles. Els estudis realitzats es centren
en el servei dels partits de dobles de la Copa Davis i la Copa Billie Jean King, i utilitzen
dades obtingudes a través del sistema de Ull de Falcd6 (Hawk-Eye) i técniques avangades
d'aprenentatge automatic (Machine Learning) . El primer estudi va tenir com a objecte
analitzar les diferéncies en les caracteristiques espai-temporals i I'efectivitat dels serveis
en el tennis professional de dobles masculi. Per aix0, es van analitzar un total de 20.419
serveis en 96 partits de la Copa Davis disputats entre 2010 1 2019. Els resultats van
mostrar que els primers serveis dirigits a les zones Oberta 1 T van ser els més efectius,
mentre que la posicid del servidor variava en funcid de la direccid del servei,
independentment del costat on es produia el servei. El segon estudi va utilitzar técniques
d'intel-ligencia artificial (Deep Learning) per analitzar un conjunt de dades compostes per
14.146 serveis en 97 partits de la Copa Davis disputats entre el 2010 i el 2019, per
identificar les variables clau que maximitzaven 1'efectivitat del servei. Els resultats van
mostrar que les variables de l'angle de servei i la distancia del pot a les linies laterals eren
les que tenien una influéncia més gran a I'hora d'aconseguir un ace o servei directe. En
canvi, la velocitat del servei va mostrar una influéncia menor en l'efectivitat en dobles
que en el tennis individual, ja que velocitats superiors a 187 km/h només augmentaven
un 10% la probabilitat de convertir un servei directe o ace. L'objectiu del tercer estudi va
ser identificar les variables que influeixen en 1'efectivitat del primer servei en partits de
dobles femeni professional. Es van analitzar 4.939 primers serveis de 145 jugadores en
partits de la copa Billie Jean King. Els resultats van identificar que I'angle de la treta era
la variable de més rellevancia, seguida per la velocitat i la distancia del pot respecte a les
linies laterals. Aquestes troballes proporcionen valuosa informacié per a les estratégies
d'entrenament i preparacid tactica en dobles professional, en concordangca amb
investigacions previes sobre tennis individual masculi. A més, ofereix a jugadors i
entrenadors dades molt concretes que es poden utilitzar durant la competicid per millorar

l'efectivitat del servei o per ajudar a millorar 'anticipacio a la resta.
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ABSTRACT

The serve has become a key tool in modern tennis, with a direct impact on the game,
especially in the context of doubles matches. The studies conducted focus on the serve in
Davis Cup and Billie Jean King Cup doubles matches, using data from the Hawk-Eye
system and advanced Machine Learning techniques. The first study aimed to analyse the
differences in the spatio-temporal characteristics and effectiveness of serves in
professional men's doubles tennis. A total of 20,419 serves were analysed in 96 Davis
Cup matches played between 2010 and 2019. The results showed that first serves aimed
at the open and T zones were the most effective, while the position of the server varied
according to the direction of the serve, regardless of the side from which the serve was
made. The second study used artificial intelligence (Deep Learning) techniques to analyse
a dataset of 14,146 serves from 97 Davis Cup matches played between 2010 and 2019 to
identify the key variables that maximise serve effectiveness. The results showed that the
variables of service angle and distance from the bounce to the sideline had the greatest
influence on achieving an ace or direct serve. In contrast, service speed had less of an
impact on effectiveness in doubles than in singles, with speeds above 187km/h only
increasing the probability of a direct serve or ace by 10%. The aim of the third study was
to identify the variables that influence the effectiveness of the first serve in professional
women's doubles matches. A total of 4,939 first serves from 145 players in Billie Jean
King Cup matches were analysed. The results showed that the angle of the serve was the
most important variable, followed by the speed and distance of the sideline bounce. These
findings provide valuable information for training strategies and tactical preparation in
professional doubles, in line with previous research in men's singles tennis. It also
provides players and coaches with very concrete data that can be used during competition

to improve the effectiveness of the serve or the anticipation of the return.
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INTRODUCCION

2.1. LA DISCIPLINA DE DOBLES EN TENIS

Desde sus albores, el tenis moderno ha integrado la modalidad de dobles, como asi
evidencia la primera pareja ganadora en esta disciplina en Wimbledon en el afio 1884,
apenas siete anos después de la primera final del torneo individual masculino. A lo largo
de la historia, han destacado diversos especialistas en esta disciplina, quienes han recibido
reconocimiento tanto por sus logros deportivos como a nivel econdémico (Breznik, 2015).
Tanto la Federacion Internacional de Tenis (ITF), la Asociaciéon de Tenis Femenino
(WTA) y la Asociacion de Tenistas Profesionales (ATP) otorgan una gran importancia a
esta modalidad, estando presente en todos sus torneos.

En la modalidad de dobles, en contraste con el juego individual, se experimenta un
cambio significativo en cuanto al nimero de jugadores, pasando de dos a cuatro
participantes en la pista. Asimismo, se modifican las dimensiones de la pista, con la
inclusion de pasillos laterales. Este ajuste, que amplia el espacio de juego casi 3 metros,
altera la dindmica tactica del encuentro. Una de las consecuencias mas notables radica en
el posicionamiento estratégico de los jugadores durante el desarrollo del juego. Esta
variacion en la tactica se manifiesta en la disposicion de los competidores en la pista, lo
que incide directamente en la toma de decisiones y en la ejecucion de las jugadas durante
el transcurso del partido (Crespo y Miley, 1998).

En cuanto al formato de juego, los dobles masculinos y femeninos son la disciplina
del tenis que mas modificaciones han sufrido durante los tltimos afios, tratando de darles
un mayor atractivo para los potenciales espectadores. Los torneos del circuito ATP y
WTA desde 2012 se disputan con punto decisivo en caso de Deuce (40 — 40), y un match
tiebreak a 10 puntos en el lugar de tercer set. En cambio, en los Grand Slam si que se
sigue jugando con ventajas, pero hay disparidad de criterios en el desenlace del tercer set,
mientras el Open de Australia y el de Estados Unidos utilizan el match tiebreak set,
Roland Garros y Wimbledon siguen utilizando un set de tiebreak (formato tradicional)
con diferencia de dos juegos. Por tltimo, en las dos grandes competiciones por equipos
nacionales, la Copa Davis y la Billie Jean King los partidos se disputan al mejor de tres
sets de tie break con ventajas (ITF, 2024a).

A pesar de la reconocida importancia y tradicion de la modalidad de dobles en el tenis
profesional, existe una notable carencia de investigacion especifica en este contexto.
Aunque podemos encontrar estudios como el de Breznik (2015) el cual analiz6 el
rendimiento y los logros de los jugadores de dobles para determinar los equipos y

jugadores mas exitosos de la historia del tenis. También han sido analizadas las diferentes
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formaciones que utilizan los diferentes equipos en competicion a nivel tactico, la
estructura temporal y la finalizacion de los puntos en pista rapida (Kocib et al., 2020;
Martinez-Gallego et al., 2020). La comunicacién entre los jugadores de los equipos ha
sido motivo de estudio, mostrando diferencias entre las parejas ganadoras y perdedoras
(Lausic et al. 2009; 2014; 2015).

Aunque el servicio, como veremos mas adelante, ha sido el golpe que ha recibido un
mayor interés por parte de los investigadores, otros golpes especificos han sido evaluados
como la volea y sus diferentes patrones de posicionamiento durante los partidos
(Martinez-Gallego, 2021c). La experiencia de los equipos también ha sido analizada para
ver su incidencia en el juego durante la disputa de la competicion (Martinez-Gallego,
2021d). Por ultimo, se ha comparado en dobles femenino la actividad de las jugadoras,
la estructura de juego y la finalizacion de los puntos en torneos de Grand Slam (Borderias

etal., 2021; 2023).

2.2. LA COPA DAVIS Y LA COPA BILLIE JEAN KING

En el verano de 1899, un grupo de estudiantes de Harvard, encabezados por Dwight
F. Davis, Holcombe Ward y Malcolm Whitman, junto con su compafiero Beals Wright y
su padre presentaron al presidente de la Asociacion Nacional de Tenis de Estados Unidos,
James Dwight, la propuesta de una competicion internacional. Este evento marco el inicio
de la Copa Davis, aunque inicialmente se conociera como International Lawn Tennis
Challenge (Gillmeister, 1997).

El primer enfrentamiento entre Estados Unidos y las Islas Britanicas tuvo lugar en
1900 en el Longwood Cricket Club de Boston. La Federacion Internacional de Tenis
(ITF) conmemord el Centenario de la competicion en 1999, destacando entre los
numerosos eventos conmemorativos el enfrentamiento de segunda ronda entre Estados
Unidos y Australia, celebrado en el mismo escenario que la primera edicion del torneo.
El palmarés de la Copa Davis incluye a 16 paises diferentes que han logrado alzarse con
el trofeo de campeo6n. Encabezando la lista se encuentran los Estados Unidos, con un total
de 32 titulos (Davis Cup, s. f.).

En 2018, la Asamblea General Anual de la Federacion Internacional de Tenis (ITF)
aprobd un cambio de formato histdrico para la competicion, propuesto por la empresa
Kosmos y la propia ITF. Esta modificacion implicé la disputa de la fase final de la Copa
Davis durante una unica semana y en una sede unica, con la participacion de 18 equipos

nacionales distribuidos en 6 grupos. En la primera edicion en 2019, bajo este nuevo
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INTRODUCCION

formato, Espana se proclamo6 campeona al vencer a Canada por 2-0 en la final celebrada
en la Caja Magica de Madrid (RFET, Real Federacion Espaiiola de Tenis, s. f.).

El concepto inicial de la Copa Federacion se remonta a 1919 cuando Hazel Wightman
propuso una competicion de equipos femeninos. Aunque la competicion no se materializd
hasta 1963, coincidiendo con el 50 aniversario de la ITF y corono a los Estados Unidos
como campeonas en esta primera edicion, un logro que marc6 el inicio de una larga
historia de éxito para el equipo americano. En 1994, participaron més de 70 paises, lo que
evidencid la creciente importancia y popularidad del torneo, que se convirtié en un pilar
para el desarrollo del tenis femenino en todo el mundo.

La evolucion del formato de la Copa Federacion incluyé la introduccion de
competiciones regionales en 1992 y un nuevo formato en 1995, inspirado en la Copa
Davis masculina. A lo largo de los afios, se han realizado ajustes en el formato,
culminando en el actual sistema introducido en 2020, que incluye las Finales de la Billie
Jean King Cup (BJKC) con 12 equipos clasificados. Ademas, se establecieron grupos
regionales donde las naciones compiten por ascensos y descensos anuales, con el objetivo
de fortalecer la competicion a nivel regional y global.

El cambio de nombre de la competicion en 2020 representa un homenaje a la figura
iconica de la jugadora Billie Jean King. Este cambio refleja los valores y principios de
King, que han sido fundamentales en la promocion del tenis femenino y en la busqueda
de la igualdad de género en el deporte. Con su legado como inspiracion, la BIKC contintia
siendo el principal evento del tenis femenino, equiparando su prestigio y premios con los

de la Copa Davis masculina (BJKC, s. f.).

2.3. EL SERVICIO
Segun la regla del tenis n°16 de la ITF (2024b): “El servidor se pondra con ambos pies

situados detras de la linea de fondo (es decir, lo mas alejados de la red) y dentro de las
prolongaciones imaginarias de la marca central y la linea lateral. Entonces, el servidor
lanzara la pelota al aire con la mano en cualquier direccion y la golpearé con la raqueta
antes de que toque el suelo. Se considerara que se ha ejecutado el servicio en el momento
en que el jugador da un raquetazo, lo mismo si toca la pelota como si falla al intentarlo.
Un jugador que solamente usa un brazo puede utilizar la raqueta para lanzar la pelota. La
pelota servida debera pasar por encima de la red y aterrizard dentro del recuadro de

servicio que esté diagonalmente opuesto, antes de que el restador la devuelva”.
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El servicio se ha estudiado en diversos contextos, desde las diferencias segun el nivel
y la superficie de juego (Varverka et al., 2018; Fernandez-Garcia et al., 2019) hasta las
estrategias de ritmo y velocidad de los sacadores en partidos a cinco sets (Martin et al.,
2019). Mecheri et al. (2016) examinaron diferentes caracteristicas del servicio para
determinar su incidencia en el juego. Mientras que Whiteside y Reid (2017) identificaron
las variables mas importantes para lograr un saque directo o ace.

La velocidad del servicio ha sido posiblemente la variable que més interés ha recibido
por parte de los investigadores entre las diferentes relacionadas con el saque. Los estudios
han demostrado que los jugadores tienden a utilizar un primer saque mas rapido para
tomar ventaja en el punto, mientras que prefieren un segundo saque mas lento para
asegurar la consistencia (Cui et al., 2017; Brown, 2021; Martinez-Gallego et al., 2021a).
Las investigaciones han concluido que los jugadores utilizan saques planos para
maximizar la velocidad en el primer saque y saques liftados para reducir el riesgo en el
segundo saque (Barnett, 2009; Gilet et al., 2009; Sakurai et al., 2013).

En cuanto a las diferencias de género en el saque, se han encontrado variaciones en la
velocidad media, el nimero de saques directos y el porcentaje de puntos de servicio
ganados (Elliot et al., 2013; Torres-Luque et al., 2019; Reid et al., 2016). Las elecciones
de direccion del primer saque también difieren entre hombres y mujeres (Hizan et al.,
2015; Sanchez-Pay et al., 2019). Estas diferencias se han estudiado en relacién con los
diferentes tipos de superficie de juego y su impacto en los resultados de los partidos
(Carboch, 2017; Fitzpatrick et al., 2019). Ademas, se han investigado las diferencias de
rendimiento entre jugadores profesionales y juveniles, con importantes implicaciones
para la planificacion de los entrenamientos y las competiciones (Hizan et al., 2011;
Krause et al., 2019; Kovalchik y Reid, 2017).

En relacion a la disciplina de dobles, Carboch y Kocib (2016) compararon la eficiencia
del servicio entre parejas de dobles masculinas y femeninas, encontrando que los hombres
ganan mas puntos al servicio y las mujeres al resto. También se ha analizado las
diferencias en la direccion y efectividad del saque equipos en hombres y mujeres
(Martinez- Gallego et al., 2021a) o los diferentes tipos de formacién de los equipos al
iniciar el punto al resto y al servicio (Kocib et al., 2020). Martinez-Gallego et al. (2021b)
examinaron el impacto del saque en el tenis masculino de dobles, desafiando las creencias
comunes sobre su importancia y Avkhimovich, (2023) analiz6 el orden del servicio de la

pareja en funcion de las caracteristicas del servicio de los jugadores.
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2.4. LA TECNOLOGIA DE OJO DE HALCON

El estudio del rendimiento deportivo ha sido objeto de numerosas investigaciones,
tanto en las sesiones de entrenamiento como en la competicion oficial. Esto se ha
convertido en una herramienta muy util para que los entrenadores puedan optimizar su
trabajo, para que los jugadores logren un mejor rendimiento, o para una mejor
comprension y analisis por parte de los investigadores (Hughes & Bartlett, 2008;
O'Donoghue, 2014).

En el tenis, como ocurre en otros deportes, se ha producido una gran evolucion en la
obtencion y recogida de la informacion. Dichos registros pueden utilizarse para optimizar
el proceso de entrenamiento o prepararse de forma mas eficaz y especifica para la
competicion (Morgulev et al., 2018). En la actualidad, se utiliza una amplia gama de
dispositivos, como son las cdmaras de alta velocidad, los sistemas de seguimiento y
etiquetado, o el sistema GPS, para la recopilacion de los datos (Barris & Butto, 2008;
Jindo et al., 2022).

Un ejemplo destacado de esta tecnologia es el sistema de Ojo de Halcon, utilizado por
primera vez en el criquet y posteriormente, en el tenis profesional durante la Copa
Hopman en la edicion de 2006. Este sistema de seguimiento emplea camaras de alta
velocidad y algoritmos computacionales para rastrear la trayectoria de la pelota con un
margen de error minimo (3,6 mm). Su implementacion ha revolucionado la forma en que
se juzgan las jugadas en eventos deportivos, ofreciendo una herramienta precisa y
confiable para la toma de decisiones (Shigh Bal & Dureja, 2012; Baodong, 2014; Mecheri
et al., 2016).

El uso de la tecnologia de Ojo de Halcon en el tenis ha dado acceso a una amplia gama
de datos que han sido objeto de estudio en diversos proyectos de investigacion. El servicio
dado su papel fundamental en el juego, ha sido analizado en profundidad en funcion de
su trayectoria y eficacia en trabajos como el de Rioult et al. (2015) o Mecheri et al. (2016).
Estos estudios han abarcado las estrategias y distribucion del servicio en jugadores
profesionales o un propio sistema de analisis notacional para la evaluacion del saque y el
resto (Loffing et al., 2009; Hizan et al., 2010; Kolbinger y Lames, 2013). Otros estudios
en cambio, han intentado predecir el servicio en un contexto y rival determinado (Wei et
al., 2015) o han identificado los factores mas importantes para lograr un saque directo
(Whiteside y Reid, 2017). También ha sido tratado y analizado el servicio en la disciplina

de dobles por Martinez-Gallego et al. (2021a) y Vives et al. (2022). Y estudios mas
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recientes han propuesto mejorar la efectividad del servicio en el tenis de élite (Vives et
al., 2023; Fizpatrick et al., 2023).

Otros aspectos del juego han sido explorados, asi Wei et al. (2013) analizaron la
prediccion de golpes o Loffing y Hagemann (2014) que examinaron la posicion en la pista
de los jugadores en relacién con la anticipacion del golpe de fondo del adversario.
También se han analizado las caracteristicas de los partidos de Grand Slam se ha
comparado a tenistas juniors y profesionales o se ha evaluado un modelo teérico de la
trayectoria de la pelota (Reid et al.,2016; Kovalchik y Reid, 2017; Cant et al., 2020). En
su estudio de 2018, Kovalchik y Reid clasificaron los tipos de golpes en el tenis
profesional, asociando los tiros ganadores con una mayor velocidad. Giles et al. (2020)
analizaron los cambios de direccion entre jugadores profesionales y juniors. Por tltimo,
Meurs et al. (2021) investigaron el indice de Ventaja Posicional como una herramienta

para identificar la ventaja de un jugador sobre su oponente.

2.5. APRENDIZAJE AUTOMATICO EN EL TENIS.

En los ultimos afios ha habido una proliferacion en el uso del aprendizaje automatico
(Machine Learning, ML) en el tenis, principalmente debido a los avances de la tecnologia
en la recopilacion de datos a través de diferentes sistemas, siendo los sistemas de
seguimiento y etiquetado los utilizados. Esta gran cantidad de informacion ha requerido
un tratamiento mas sofisticado y complejo que los anteriores modelos de analisis, dando
lugar a una mayor profundidad y complejidad en los resultados obtenidos.

La literatura cientifica ha dado lugar a diversos estudios sobre la predictividad del
golpeo en el tenis profesional basdndose en determinados parametros del jugador y de las
zonas de golpeo (We et al., 2016, Shimizu et al., 2019; Makino et al., 2020; Zhou y Liu,
2024). Por el contrario, otros autores han intentado clasificar o determinar patrones
especificos en relacion a diferentes situaciones del juego, golpes de fondo, voleas y restos
(Kovalchik y Reid, 2018; Martinez-Gallego et al., 2021c).

Varios estudios han explorado diversos aspectos del rendimiento en el tenis. Cui et al.
(2019) identificaron los factores clave para el éxito en tenistas masculinos de Grand Slam.
Giles et al. (2020, 2021, 2023) desarrollaron una metodologia para detectar y clasificar
los movimientos de cambio de direccion en jugadores profesionales. En cambio, otras
investigaciones se han centrado en entender las caracteristicas morfologicas de los
deportistas en edad juvenil para proyectar su futuro rendimiento en la élite (Panjan, 2010;

Siener et al., 2021).
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Como hemos visto anteriormente, el servicio debido a su relevancia en el tenis
moderno ha sido motivo de interés en una gran variedad de estudios. Asi Mecheri et al.
en 2016, determinaron que el saque tiene un efecto significativo en el resultado del punto.
La prediccion de la direccion del servicio también ha sido abordada en otros estudios
como el de Wei et al. (2015). También se ha analizado los principales parametros de los
primeros servicios para lograr un saque ganador, tanto en individuales (Whiteside y Reid,
2017) como en dobles (Vives et al., 2023). O el ultimo ejemplo lo podemos encontrar en
el trabajo de Gao y Kowalcyk (2021) identificaron el saque como un predictor crucial

para determinar el vencedor del partido.
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OBJETIVOS

Los objetivos de este trabajo fueron los siguientes:

3.1. OBJETIVOS DEL ESTUDIO 1

Effective serving strategies in men’s doubles Davis cup matches: an analysis using

tracking technology.

Objetivo general n"1:
Describir el primer servicio en dobles profesionales masculino.
Objetivo especifico n°1.1:
Analizar las caracteristicas espacio-temporales del primer servicio.
Objetivo especifico n°1.2:
Analizar la efectividad del primer servicio en funcion de su direccion.
Objetivo general n°2:
Describir el segundo servicio en dobles profesionales masculino.
Objetivo especifico n°2.1:
Analizar las caracteristicas espacio-temporales del segundo servicio.
Objetivo especifico n° 2.2:

Analizar la efectividad del segundo servicio en funcidon de su direccion.

3.2. OBJETIVOS DEL ESTUDIO 2

Optimizing Sporting Actions Effectiveness: A Machine Learning Approach to Uncover

Key Variables in the Men’s Professional Doubles Tennis Serve.

Objetivo general n"1:
Descubrir las variables mas relevantes del servicio en dobles profesionales masculino.
Objetivo especifico n°1.1:
Calculo de las variables mas relevantes para lograr un ace.
Objetivo especifico n°1.2:
Generacion de un conjunto de datos sustituyendo los valores originales por los

valores recomendados de la variable en cuestion y prediccion de la efectividad.
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3.3. OBJETIVOS DEL ESTUDIO 3

Serve Strategy in Professional Women's Doubles Tennis - A Data-Driven Perspective.

Objetivo general n"1:
Descubrir las variables mas relevantes del servicio en dobles profesionales femenino.
Objetivo especifico n°1.1:
Calculo de las variables mas relevantes para lograr un ace.
Objetivo especifico n°1.2:
Generacion de un conjunto de datos sustituyendo los valores originales por los

valores recomendados de la variable en cuestion y prediccion de la efectividad.
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4. ESTUDIO 1: EFFECTIVE SERVING
STRATEGIES IN MEN’S DOUBLES DAVIS
CUP MATCHES: AN ANALYSIS USING
TRACKING TECHNOLOGY.

Vives, F., Crespo, M., Guzman, J. F., & Martinez-Gallego, R. (2022). Effective serving
strategies in men’s doubles Davis cup matches: an analysis using tracking technology.

International Journal of Performance Analysis in Sport, 22(4), 638-648.
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ESTUDIO 1

4.1. ABSTRACT AND KEYWORDS

Despite the importance of the serve in doubles tennis, there is very little information
on the tactical characteristics of this game situation. The aim of this study was to analyse
the differences in the spatial-temporal characteristics and the effectiveness of the serves
in professional doubles tennis. Using the Hawk-Eye system, 20419 serves from 96 Davis
Cup doubles matches played between 2010 and 2019 were analysed. First serves to the
Wide and T zones showed the highest effectiveness. The fastest serves were those played
to the T, while the slowest were those played to the Wide zone, except for the second
serves on the Deuce side, where the opposite occurred. The serves played to the T were
hit from positions closer to the centre of the court, and the time from serve contact to ball
bounce was shorter than in the rest of the serves played to other directions. The data
provided in this study have clear practical implications, both for the design of specific

training sessions and for the tactical preparation of matches.

Keywords: Service; tennis; Hawk-Eye; tactics; racquet sports
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4.2. INTRODUCTION

The serve is the stroke that starts the point in tennis and has always been considered
one of the most important strokes in the game. This has made it the most studied stroke
in tennis, with many studies showing its relationship with performance and ranking
(Klaassen & Magnus, 2014; O’Donoghue & Ingram, 2001; Reid et al., 2010). In addition,
from a strategic and tactics perspective, the serve has been related to different variables
that affect the tactics used by players when hitting this stroke, such as the surface
(Vaverka & Cernosek, 2016), the importance of the point (Knight & O’Donoghue, 2012;
Meffert et al., 2018), and the gender (Reid et al., 2016) or the playing level of the players
(Kovalchik & Reid, 2017). Despite the considerable influence of all these factors on the
tactics used by the players, previous studies have shown that, in general, the most used
serve tactics by players is to take more risks with the first serve and to play more
consistently with the second serve (Cross & Pollard, 2011; Martinez-Gallego et al., 2021).

Regarding the doubles discipline, it is worth highlighting its relevance in profes-
sional tennis, since it is played in the Davis Cup and Billie Jean King Cup, in all four
Grand Slams, as well as in all ATP and WTA circuits tournaments, and even in
exhibition events such as the Laver Cup. In fact, with the change of format of the Davis
Cup, it has now become the decisive final point of the tie in case of a draw in the
singles matches (Martinez-Gallego et al., 2020). Despite this, as compared to
the singles game, substantially fewer studies have focused on this discipline. Previous
studies that have analysed doubles matches have mainly focused on the analysis of
match structure, such as Martinez-Gallego et al. (2020) who studied the game struc-
ture and the point completion in men’s doubles, Borderias et al. (2021) who compared
the activity profile of women’s doubles matches on different surfaces, Martinez-
Gallego et al. (2021) who evaluated the influence of partner experience and match
type on the time structure of matches, or Dell’Edera et al. (2018) who compared
certain performance indicators between junior and professional doubles. In relation to
the role of the serve in doubles matches, only a few studies have been found. Two of
them compared the effectiveness of the serve between male and female teams (Carboch &
Kocib, 2016; Martinez-Gallego et al., 2021). Carboch and Kocib (2016) found that
male teams won 10% more serves than female teams and that they needed more points to
the serve to win the match. In addition, they showed that, on hard courts the serve was a
greater advantage for both male and female teams, while the effectiveness of the

serve on clay court was lower for both
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genders. Martinez-Gallego et al. (2021) indicated that with the first serve both male and
female teams tried to move the receiver serving to the sides to take the initiative of the
point, while with the second serve they took lower risks and mainly served to the body.
Furthermore, they concluded that male partners were more effective than male partners,
especially with the first serve. On the other hand, Kocib et al. (2020) analysed the
formations used by the teams. As per the serving team, the most used formations were
the classic and the “I”” formation. The two most used formations in the other teams were:
both players at the back of the court or the back/back combination, highlighting the use
of the back/back formation in the second serves compared to the formation of both players
at the back of the court.

Although the information provided by these studies is very relevant, it seems necessary
to further investigate the characteristics of the serve to understand the aspects that
determine its effectiveness in the doubles game. In this context, advances in sports
technology are allowing scientists as well as player support teams to record large amounts
of match data that provide sound data-based insights allowing deeper understanding of
the key performance indicators of the different disciplines. In tennis, one of the most
important advances in the evaluation of the technical and tactical performance of tennis
players has been the use of tracking systems and, specifically, the analysis of data
provided by the Hawk-Eye system (Martinez- Gallego et al., 2021). The high level of
precision and the large amount of data recorded through this system offer a wide range
of opportunities for research and practice (Mecheri et al., 2016). Specifically, this system
allows the tracking of coordi- nates of the ball and the players during the points, so that
variables that are of interest for analysing the performance of players in specific actions
can be studied with greater depth and precision.

In singles tennis, some studies have used the Hawk-Eye system to analyse and
demonstrate the importance of some spatiotemporal variables related to the serve, such
as serve speed and serve location (Mecheri et al., 2016; Whiteside & Reid, 2017).
However, other variables such as the hitting position, the ball trajectory time, or the
difference in speed before and after the bounce have not been studied in depth. As
mentioned above, these variables have been even less studied in doubles, in which only
one study use this system to analyse the serve location. Therefore, the aim of this study
was to analyse the differences in spatio-temporal characteristics such as speed, server

position, time from hit to bounce, loss of speed after bounce and efficiency of first and
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tennis using data provided by the Hawk-Eye system.

4.3. METHODS

4.3.1. Data collection
Data in the present work were obtained through the Hawk-Eye system (Hawk-Eye
Innovations Ltd., 2015) used during the competition. The Hawk-Eye system is cali-
brated before the competition by means of the actual coordinates of the court where it is
installed. It uses a total of 10 cameras recording at a frequency of 50—-60 Hz that track the
movement of the ball and players in four dimensions during points (Cartesian coordi-
nates and time). Independent tests have validated the accuracy and reliability of the
system, reporting an average error of 2.6 mm (Reid et al., 2016). Spatio-temporal vari-
ables such as the hitting position, the ball bounce position, the service speeds, and
velocities before and after the bounce were calculated from the data provided by the
system. Player consent for the use of the data during the competition was obtained as part
of the tournament agreement.
4.3.2. Data processing
A total of 29,419 services were analysed from 96 full men’s doubles matches played
during Davis Cup qualifier ties between 2010 and 2019. The match data were imported
into R Statistical Software (R Foundation for Statistical Computing, Vienna, Austria),
where the data were processed to obtain the variables of interest and subsequently filtered,
and outliers were removed. Means were calculated for each variable by match, obtaining
a total of 96 records for each variable, each corresponding to one of the matches.
4.3.3. Data analysis
The variables analysed were the following:
Independent variables
e Type: first or second serve.
e Court side: side of the court from which the service occurs. Deuce (right)
or Advantage (left) side.
e Direction: direction of the service (Figure 1).
Dependent variables
e Speed: average speed of the service.

e Position: position of the server when serving.
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e Time: time from the impact to the bounce of the ball.
e Loss of speed: loss of speed of the ball after the bounce.
o Effectiveness: point won by the serving team without the serve having

been returned (Martinez-Gallego et al., 2021).

Figure 1. Serve directions.

Firstly, a descriptive analysis was carried out and mean and standard deviation were
calculated. Assumptions of normality and homogeneity of variances were verified using
the Kolmogorov-Smirnov test and the Levene test. The Kruskal — Wallis test and post-
hoc pairwise comparison was used to identify differences in the dependent variables,
setting the significance level at p < 0.05. Effect size was calculated using eta-squared,
considering small (0.01-0.06), moderate (0.061-0.14) and large (>0.141) effects (Cohen,
2013).

4.4. RESULTS

4.4.1. Spatio-temporal characteristics of the first serve
Table 1 shows the descriptive statistics of the kinematic variables as a function of the
direction of the serves. Regarding the first serve on the deuce side, it could be observed

that there were significant differences in the speed between the three directions (H(2) =

119.14; p < 0.01; n2 =0.41), being the serves played to the T the ones that presented a
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higher speed (mean = 188.35 km-h_l), followed by those played to the Body zone (mean
=182.17 km-h_l) and, finally, those played to the Wide zone were the slowest serves

(mean = 176.41 km—h_l). Regarding the Position, serves played to the T were hit

significantly closer to the centre of the court (mean = 1.56 m; H(2) = 13.77; p < 0.01; n2

= 0.04) than those played to the Body (mean = 1.70 m) and to the Wide zone (mean =

1.70 m). Regarding Time, significant differences were found between the three directions

of the serves (H(2) = 178.31; p <0.01; n2 =0.62), with the serves played to the T showing
a lower value of Time (mean = 0.38 s), followed by the serves played to the Body zone
(mean = 0.40 s) and, finally, those played to the Wide zone were the serves that showed

a lower Time (mean = 0.43 s). In the variable Loss of Speed, no differences were found

between the serve directions (F = 0.68; p =0.71; n2 =0.01).

Table 1.

Descriptive statistics of the serve kinematic variables in function of the direction

Wide Body T

Mean (SD) Mean (SD) Mean (SD) F P n’
Speed (km h) 175. 76 (12.70)$ 181.77 (13.11)$ 188. 22 (14.64)$ 555.42 <0.01 0.13
Deuce Position (m) 1.73(0.62)* 1.72 (0.61)t 1.56 (0.61)*t 60.55 <0.01 0.02
side Time (s) 0. 43 (0.04)$ 0. 40 (0.03)$ 0.38(0.03)$ 1123.10 <0.01 0.24
First Loss of speed (km ht) 31.15(3.17)* 31.33(3.21) 31.50(3.52)* 7.28 <0.01 0.00
serve Speed (km h%) 181.42 (17.72)$ 182. 64 (14.82)S 185. 67 (12.81)$ 48.06 <0.01 0.02
Advantage  Position (m) 1.87 (0.72)* 1.82 (0.70)t 1.67(0.73)*t 47.91 <0.01 0.02
side Time (s) 0. 42 (0.04)S 0. 40 (0.04)$ 0.39(0.03)$ 353.53 <0.01 0.10
Loss of speed (km h!) 31.33(3.33) 31.50(3.27) 31.34 (3.50) 1.59 0.2 0.00
Speed (km h?) 152. 75 (12.57)$ 154. 81 (12.13)$ 155. 73 (13.37)$ 12.29 <0.01 0.01
Deuce Position (m) 1.94 (0.68)* 1.92(0.68) t 1.72(0.60)*t 34.38 <0.01 0.02
side Time (s) 0. 50 (0.04)$ 0. 47 (0.04)$ 0. 46 (0.04)S 143.54 <0.01 0.08
Second Loss of speed (km h1) 29.88(3.13) 30. 18 (3.15) 30. 14 (3.15) 2.48 0.08 0.00
serve Speed (km h%) 153. 22 (13.44)$ 155.19 (12.87)$ 156. 71 (13.49)$ 15.142 <0.01 0.01
Advantage  Position (m) 1.97 (0.64)S 1. 89 (0.66)S 1.67(0.63)$ 54.278 <0.01 0.03
side Time (s) 0. 49 (0.04)S 0. 47 (0.04)$ 0. 46 (0.04)$ 144.49 <0.01 0.08
Loss of speed (km h!) 29. 87 (3.19)#* 30. 24 (3.16)# 30. 42 (3.38)* 6.141 <0.01 0.00

SD = Standard deviation; $ Significant differences (p < 0.05) between W, B and T; * Significant differences (p < 0.05) between W and T; t Significant differences (p
< 0.05) between B and T; # Significant differences (p < 0.05) between W and B.

Regarding the first serve on the advantage side, it could be observed that there were

significant differences in speed between the three directions (H(2) =21.25; p <0.01; n2
=0.07), being the serves played to the T the ones with the highest speed (mean = 186.25
km- h_l), followed by those played to the Body zone (mean = 183.67 km—h_l) and,

finally, those played to the Wide zone were the slowest serves (mean=181 .65km-h_1).

Regarding Position, the serves played to the T were hit significantly closer to the centre
of the court (mean = 1.67 m; H(2) = 12.35; p < 0.01; n2 = 0.04) than those played to the
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Body (mean = 1.82 m) and to the Wide zone (mean = 1.85 m). Regarding Time,

significant differences were found between the three directions of the serves (H(2) =

111.73; p <0.01; n2 = 0.39), with the serves played to the T the ones showing a lower
value of Time (mean = 0.39 s), followed by the serves played to the Body zone (mean =
0.40 s) and, finally, those played to the Wide zone were the serves that showed a lower
Time (mean = 0.42 s). In the Loss of Speed variable, no significant differences were
observed between the three directions of the serves.

4.4.2. Spatio-temporal characteristics of the second serve

As per the second serve on the deuce side, the serves played to the Wide showed a
higher speed (mean = 158.98 km-h_l; H(2) = 20.12; p < 0.01; n2 = 0.06) than those

played to the Body (mean = 156.16 km-h_l) and to the T (mean = 154.70 km—h_l).
Regarding Position, no significant differences were observed between the three directions

of the serves. Regarding Time, significant differences were found between the serves

played to the Wide and T zones (H(2) =9.66; p <0.01; n2 =0.03), being the serves played
to the T the ones that presented a lower value of Time (mean = 0.47 s) as compared to the
serves played to the T (mean = 0.48). In the Loss of Speed variable, no significant
differences were observed between the three directions.

Finally, significant differences in Speed between the three directions (H(2) = 78.43; p
<0.01; n2 = 0.27) can be observed in the second serve on the advantage side, with the
serves played to the T showing the highest speed (mean = 162.15 km-h_l), followed by
those played to the Body zone (mean = 154.35 km-h_l) and, finally, those played to the

Wide zone were the slowest serves (mean = 151.40 km-h_l). Regarding the Position,

serves played to the T, were hit significantly closer to the centre of the court (mean = 1.

90 m; H (2) = 54.28; p < 0.01; n2 = 0.03) than those played Wide (mean = 2.07 m) and

to the Body (mean = 2.10 m). As per Time, significant differences were found between

the three directions of the serves (H(2) = 145.08; p <0.01; n2 = 0.51), with the serves
played to the T showing a lower value of Time (mean = 0.45 s), followed by the serves
played to the Body zone (mean = 0.48 s) and, finally, those played to the Wide zone were

the serves that presented a higher Time (mean = 0.50 s). In the variable Loss of Speed,

serves played to the T lost more speed (mean = 31.06; H(2) = 13.41; p <0.01; n2 =0.04)
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than serves played to the Body zone (mean = 30.22) and serves played to the Wide zone
(mean = 29.82).
4.4.3. Effectiveness of the first serve depending on direction

Figure 2 shows the effectiveness of the first serve on the deuce and the advantage
sides, for each of the directions. Regarding the first serves on the Deuce side, there was a

lower effectiveness when the serves were played to the Body (mean = 29.95 %; H(2) =

34.72; p<0.01; n2 =0.12), compared to the serves played to the T (mean = 38.45 %) and
those played to the Wide zone (mean = 40.71 %).

Similarly, on the advantage side, there was a lower effectiveness of serves played to

the Body (mean = 28.27 %; H(2) = 40.16; p < 0.01; n2= 0.13), with respect to those
played to the T (39.28 %) and to the Wide zones (37.54 %).

First serve

Deuce side Advantage side
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Figure 2. Differences in effectiveness of the first serve.

4.4.4. Effectiveness of the second serve depending on direction
Figure 3 shows the effectiveness of the second serve on the deuce and the advantage
sides, for each of the directions. As per the second serves on the deuce side, there was a

higher effectiveness of the serves played to the Wide zone (mean = 30.74 %; H(2) = 8.24;
p <0.05; n2= 0.02), with respect to those played to the T (21.14 %). On the advantage

side, no significant differences were found (H(2) = 4.28; p = 0.12; n2= 0.01).
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Figure 4.3. Differences in effectiveness of the second serve.

4.5. DISCUSSION

The results found have allowed to observe how the speed of the serve varied for each
of the directions, both on the first and second serves on both sides of the court. In all
cases, the fastest serves were those played to the T, while the slowest ones were those
played to the Wide zone, except for the second serves on the Deuce side, where the
opposite occurred. The serves to these two zones have a clear tactical intention, which is
to try to place the ball as far as possible from the receiver’s zone to make the return more
difficult, or to prevent the receiver from taking the initiative of the point (Martinez-
Gallego et al., 2021). However, the fact that the speed of the serves to the Wide zone is
much lower is directly related to the type of spin used to hit the serve. To serve to this
zone, players tend to use a slice serve, which opens up a greater angle but reduces the
speed of the ball (Gillet et al., 2009). In the case of second serves next to the Deuce side,
it seems that players increase the speed of the serve in order to surprise the opponent.
Previous studies have shown that this is the least used direction for second serves in
doubles (Martinez-Gallego et al., 2021), so serving to this area with a higher speed can
be a good strategy that, as seen in the results, increase the effectiveness of second serves.
As per the position of the servers, it could be observed that their position tended to be
closer to the centre when they played the serves to the T zone. Previous studies have
shown the importance of the angle of the trajectory of the ball with respect to the
receiver’s position (Whiteside & Reid, 2017), therefore, it seemed that players opted for

these positions closer to the centre of the court to obtain angles that placed the ball away
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from the receiver’s position when serving to this area. However, previous studies that
have analysed the position of servers in the singles game have shown values considerably
closer to the centre of the court (Whiteside & Reid, 2017). This may be because the size
of the court in doubles is larger than in singles, which forces players to stand further away
from the centre of the court to be able to correctly cover the furthest areas of the court for
the next shot. This fact may also explain the reason why when servers play second serves
to the advantage side, they stand significantly further away from the centre than when
they serve to the body and the T. On the one hand, to hit the serve with a greater angle,
and on the other hand, to have a better position to cover the court in case the receiver can
attack the serve.

As for the time from ball hit to bounce, in all situations, serves played to the T zone
showed the shortest time, and those played to the Wide zone showed the longest time.
These results seem quite logical considering that the distance travelled by the ball is
greater as the bounce occurs further away from the centre of the court (Mecheri et al.,
2016). In addition, as noted above, the speed of the serves played to the 7-zone is higher,
which also contributes to this reduction of time.

With respect to the loss of speed of the ball after the bounce, differences have only
been found in the second serves on the advantage side, where the serves played to the T
zone were the ones that lost the most speed. These differences in speed loss are
substantially smaller than the differences in service speed, so this variable might have a
low influence on service performance compared to service speed, which has been shown
to be a determinant variable (Vaverka et al., 2018).

Regarding the effectiveness of the first serves, on both sides, serves played to the Wide
and T zones were the most effective. These data coincide with those obtained in studies
that have analysed service effectiveness, both in singles (Mecheri et al., 2016; Whiteside
& Reid, 2017) and doubles (Martinez-Gallego et al., 2021). Therefore, as in the singles
game, playing the serves to the areas furthest away from the receiver’s position seems to
be the best strategy to increase the effectiveness of the serve. With respect to the second
serves, differences were only found on the deuce side, where serves played to the Wide
zone were more effective than those played to the T zone. As indicated above, this could
be due to the fact that players serve a lower percentage of serves to the Wide zone
(Martinez- Gallego et al., 2021) and with a higher speed, so that when they do so, they

surprise the opponent and win a greater number of points.
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As it can be observed, the information provided in this study has clear practical
implications, both for the training and for the strategical and tactical preparation of
matches. When relating the results on serve effectiveness with the rest of the variables
studied in the doubles game, it can be noted that when players serve Wide, they try to
obtain an advantage by moving the receiver further away from the court, serving at a
greater angle and using the slice and topspin effects to a greater extent, except on second
serves to the deuce side, where they try to surprise the opponent by increasing the speed.

On the other hand, when they serve to the T zone, they try to reduce the receiver’s
response time by positioning themselves closer to the centre of the court, serving at a
higher speed and mainly using a flat serve. Knowing this data, coaches can be more
specific when designing and conducting the tasks and drills when working the service in
doubles training sessions. In addition, the application of this information to the
characteristics of the players themselves and of the opposing teams can help to better
prepare the tactics to be used with the service in doubles matches. Despite the new
findings provided in our research, this study has also certain limitations. Firstly, the
analysis of the serve has been carried out in isolation, without considering its relationship
with subsequent actions. This could be an important aspect to consider for further studies,
as effective serves are not only those in which the serving team wins the point directly
with the serve, but also those in which the serve provides an advantage that allows the
point to be won in the following shots. In addition, it could also be interesting to know
how the serve influences the characteristics and performance of the return. Finally, it
could be of interest to apply this type of analysis not only to professional men’s doubles,
but also to professional women’s doubles, as well as to different categories such as

collegiate, junior, seniors, and recreational players.

4.6. CONCLUSIONS

This article analyses the differences in the spatial-temporal characteristics of serves in
men’s professional doubles tennis according to their direction. The results found showed
that the fastest serves were those played to the T, while the slowest were those played to
the Wide zone. The serves played to the T were hit from positions closer to the centre of
the court, and the time from the impact to the bounce of the ball was shorter than in the
rest of the directions. The first serves played to the Wide and T zones were the most
effective, with no differences being found in the second serves. These data suggest that

when the players serve Wide, they try to obtain an advantage by moving the receiver to
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positions further away from the court. On the other hand, when they serve to the T zone,
they try to reduce the receiver’s response time, positioning themselves closer to the centre

of the court and serving at a higher speed.
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5.1. ABSTRACT & KEYWORDS

This study used a novel machine learning approach to uncover key serve variables that
maximize effectiveness in men’s professional doubles tennis. A large dataset of 14,146
serves from 97 Davis Cup doubles matches played between 2010 and 2019 was analyzed
using explainable Al techniques. The angle and distance from the bounce to the sidelines

of the serves were found to best distinguish the points won with aces from rallies lasting

more than three strokes. Optimal serve angle ranges of 5.7-8.7° substantially increased
the probability of serving an ace by over 80%, compared to around 30% when serving
used more central angles. Lateral bounce distances of 0-28 cm from the sidelines also
boosted the ace probability by over 50%. The serve speed was shown to have less

influence on serve effectiveness as compared to singles tennis, with velocities above 187

km h™1 only increasing the probability of serving an ace by 10%. These findings have
important practical implications for the tactical decision-making and technical training of
serves in men’s professional doubles tennis. The data highlight that the angle and
placement of serves are more important than velocity for attaining effective serves in
doubles. Coaches and players can use this knowledge to pay special attention to the most
important variables in the effectiveness of serves, such as the line distance and angle, in
order to maximize the performance of the doubles serve. The novel methodology used in
this study provides a valid and reliable way to calculate the efficiency of actions in various

sport disciplines using tracking data and machine learning approaches.

Keywords: racquet sports; tactics; performance analysis; sport analytics; tracking

technology
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5.2. INTRODUCTION

The serve has become the most decisive stroke in modern professional tennis,
particularly in the doubles game (Martinez-Gallego et al., 2020). It has been shown to be
a key shot for controlling the game and even winning points directly through aces, thus
being a critical technical and tactical skill for success at the professional levels of the
game (Kostoglou et al., 2017; Browning, 2009).

In the men's singles game, servers have demonstrated a significant advantage over
returners, especially in points lasting fewer than 4 strokes, in which they win
approximately 60% of them (O’Donoghue & Brown, 2008). Notably, Reid et al. (2017)
suggested that, among the top 100 ATP-ranked players, the most important predictors of
success are points won with the second serve and points won when returning the second
serve. Furthermore, research has shown that games won when serving and points scored
with the first and second serves become particularly relevant for the outcome of the match
(Mecheri et al., 2016).

In the doubles game, the characteristics of the discipline highlight a greater impact of
serve as compared to singles matches, especially when points are shorter than 4 strokes
(Martinez-Gallego et al., 2020). This has been explained by the position of the serving
player at the net (Kocib et al., 2020). As it is the case for the singles game, research has
concluded that serving teams tend to take more risks with their first serve while seeking
greater reliability with their second serve (Martinez-Gallego et al., 2021b). Moreover,
studies have shown that factors such as the playing surface and the experience of the
doubles team provide further advantages for serving teams at professional level (Carboch
& Kocib, 2016; Martinez-Gallego et al., 2021c).

Apart from the advantage of the serve in doubles tennis, serve tactics are influenced
by a variety of contextual and situational informations. Variables such as the score and
the returner's position play a crucial role in the players' decision-making when serving
(Whiteside & Reid, 2017). Effectively managing this contextual information allows
players to maximize the performance of their serves, enabling them to increase the
variability of serve types, exploit the returner's weaknesses, surprise their opponents, and
maintain a high level of consistency (Giampolo & Levey, 2013).

The introduction of Hawk-Eye technology in tennis has provided access to a wealth of
data which has been used in various studies to predict game indicators, particularly
parameters related to the serve (Wei et al., 2015; Mecheri, 2016). In the singles game,
Whiteside and Reid (2017) analyzed direct serves and reported that accuracy-related
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variables played a more significant role than speed-related ones. In doubles play, Hawk-
Eye data has been used to analyze the characteristics of serves based on their direction.
The position of the server has been identified as a crucial factor in determining the
direction of the first or second serve, making it a variable to consider for the effectiveness
of the serve and the anticipation in the return (Vives et al.,, 2021). Additionally,
differences between men’s and women’s doubles tennis in the effectiveness and the
directions of the serve have found that men’s teams are more effective, especially when
serving to areas far from the center of the serve box than their women counterparts
(Martinez-Gallego et al., 2021a).

The abundance of information collected through digital systems has led to a
proliferation of scientific articles in tennis that utilize machine learning (ML) for data
analysis. ML refers to the scientific study of algorithms and statistical models that enable
computer systems to perform specific tasks without explicit programming (Mahesh,
2020). In tennis, from a performance analysis perspective, Mlakar and Lustrek (2017)
developed a method to classify different types of strokes, as well as the active and passive
playing time. Giles et al. (2020; 2021) conducted two machine learning studies, where
the first aimed to automate the identification and classification of change of direction
(COD) movements in professional tennis using tracking data. The second study analyzed
the temporal and movement characteristics of COD in professional tennis, suggesting that
players should develop a variety of COD styles to improve their performance. Specific
players have also been subject to studies, such as that of Liu (2022) who examined Roger
Federer's technical-tactical performance, and Perri et al. (2022) who classified the strokes
and movements of eight high-performance tennis players, with the serve being the most
precise stroke, allowing for detailed player tracking throughout training (Perri et al.,
2022). Most of the studies analyzing serve through ML have focused on singles play. For
instance, Kovalchik et al. (2017) analyzed 25,680 serves to determine the characteristics
of the 'perfect' serve in professional men's tennis, identifying up to 13 distinct types of
serves. Other studies have developed different prediction methods for various serve
directions, considering both the server and the returner actions and positions. These
studies emphasized the importance of contextual information in predicting the directions
used by the servers (Zhu & Naika, 2022; Brouwer, 2021).

Prediction of match results is an area that has seen numerous investigations through
Machine Learning. Sipko and Knottenbelt (2015) used historical player performance to

predict match outcomes. Kovalchik (2016) compared three match outcome prediction
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models: regression, point-based, and pair-wise comparison, with regression models
performing best. Yang et al. (2017) adopted a hybrid model combining historical match
data and real-time statistics, while Cornman et al. (2017) also used historical match data
to predict future match results. Other authors attempted predictions using different
approaches, such as SVM, Naive Bayes, Logistic regression, and Random Forest (Sekar,
2019), artificial neural networks (Candila & Palazzo, 2020), or by comparing different
models like Support Vector Machine, Random Forest, and Extreme Gradient Boosting
for classification (Van Rooij, 2021). Wilkens (2021) concluded that the most efficient
option was to use model ensembles that combine predictions from multiple approaches.
Moreover, other authors have explored the combination of various approaches, with De
Serrano (2021) using open-source data with historical player information or employing a
Glicko mathematical classification model, commonly used in professional chess (Yue et
al., 2022). Finally, two studies combined individual player statistics and game parameters
such as scores to predict match outcomes (Solanki et al., 2022; Gupta et al., 2022).
Therefore, it can be concluded that this area of the game has attracted considerable
attention from researchers and that the various studies conducted have explored different
approaches to the challenge of match outcome prediction in tennis.

Despite the importance of serve in doubles tennis as shown above, to the knowledge
of the authors no previous study has utilized Big Data and ML to analyze its effectiveness
in men’s professional doubles. Therefore, the aim of this study was to explore this topic
and create a model which could describe the variables associated with a greater serve

effectiveness in Davis Cup doubles matches.

5.3. METHODS
5.3.1. Sample

A total of 14146 serves was analysed from 97 full men’s doubles matches played
during Davis Cup qualifying ties between 2010 and 2019. Our study featured the

participation of 123 teams and 160 players from 34 different countries, with an average

age of 30.03 £ 4.73 years.

5.3.2. Instruments
The data utilized in this study were obtained from the Hawk-Eye system (Hawk-Eye
Innovations Ltd., 2015) deployed during the Davis Cup events. It consists of a group of

ten cameras placed around the circumference of the court, which captures and records the
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trajectory of the ball and the players’ movement on the court (Vives et al., 2022). The
Hawk-Eye System is well-known for its high accuracy and reliability in tracking and
analyzing tennis matches. It is widely used in professional tennis and has provided the
data for numerous research papers (Mecheri et al., 2016; Whiteside, 2017; Martinez-
Gallego, 2021a; Vives, 2022).
5.3.3. Procedure

A complete E2E Al pipeline was built to experiment with data processing and

Explanatory Artificial Intelligence (XAI):

1. Experimental setup

2. Data processing

3. Training the deep learning model

4. Feature importance algorithms

5. Probabilistic and statistical analysis. Values selection based on

maximizing desired effectiveness and minimizing the undesired one.
0. Synthetic data-set generation, simulation based on the predictions

on this data-set and analysis of effectiveness improvements.
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1. Experimental setup

The XAI process can be summarized in the steps 2 to 6. A pipeline that included all
xAl processes from Data Processing to training the Deep Learning Model was built to
calculate the feature, select values, and test the results on a synthetic data-set.

The whole process is summarized in Figure 1.

Pipeline Workflow architecture

. . Values that maximize
Most important Variable o X
/ i e Predictive model P probabilities

Probabilistic
Degp NN featus and Statistical
Classification Importance
Inference

EDA & Data
Processing

HEsllre <::| INFERENCE SIMULATED

\\ COMPARISON %

Figure 1. Pipeline workflow architecture

DATASET

2. Data processing
2.1. Data-set
The data set consisted of the following variables:

Independent variables

e Court side:
Side of the court from where the serve is played. This variable was used to divide

the data-set and perform the analysis for each side of the court.
e Effectiveness:
- Type 1: The point finishes with one shot.
- Type 2: The point finishes with two shots.
- Type 3: The point finishes with three shots.
- Type 4: The point finishes with four shots.
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Dependent variables

Speed: Mean speed of the serve.

Position: Position of the server when hitting the serve (A in Figure 2).
Time: Time between ball impact and ball bounce.

Speed loss: Loss of speed of the ball after its bounce.

Impact Z: Height of the ball at impact.

Net clearance: Height of the ball when passing over the net.

d: Serve angle (Figure 2).

: Vertical projection angle.

dL: Distance from ball bounce to the sideline of the service box.

.
.
-t
o
-t
ot
o

o
.

ot
.

ADVANTAGE

Figure 2. Angle of the serve.

2.2. EDA and Data Processing

After some Exploratory Data Analysis (correlation matrices, boxplots, histograms,

Kernel Density Estimation plots - KDE, etc.), the data was prepared to apply machine

learning classification algorithms. Some variables were not informative as their variance

was equal or close to 0. The main data processing steps were the following:

b

1. Oversampling the weak target samples to solve the data-set “class unbalancing’
problems.

2. Feature selection: This was done using a combination of tennis knowledge

criteria together with correlation analysis and feature selection algorithms.
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3. Qutliers deletion and filtering: Outliers were detected based on statistic methods

and were filtered afterwards.

Furthermore, some features were not following a simple normal distribution but a
mixture of gaussians. The collinearity issues between variables, which didn’t affect the
model performance, but affected the interpretability of the results, were also solved. Thus,
Feature importance was applied only with uncorrelated features. This process was done

separately for 6 and dL.

3. Training the Deep Learning Model

AutoGluon and FastAl were utilized in this study for this purpose. AutoGluon presents
commendable tools for explanation and automated feature enhancement. However, it
exhibited a lack of the flexibility required for this research as certain outcomes were
inconsistent. Consequently, it was decided to employ FastAl for the analysis of tabular
data.

The implementation of AutoGluon was straightforward, as this tool undertakes the
preprocessing of the dataset, trains multiple models, selects the optimal one, assesses
feature importance, and employs various XAl algorithms to deliver global explanations
for the models.

On the other hand, FastAl is a tool that offers functionalities complimentary to those
of PyTorch and AutoGluon. It provides certain data processing functionalities while
facilitating the fine-tuning training process. Although it demands a greater degree of
software development, it offers advantageous high-level flexibility options. These include
the ability to select the number of hidden layers, determine the loss function, and automate
the training process, commonly known as "babysitting", through the application of
beneficial callbacks such as a state-of-the-art learning rate finder, early stopping, and
model checkpointing.

Deep Learning model backbone Architecture and loss function included the following
steps are the following:

Backbone Network: A tabular model with 5 layers of feature size [256, 128, 128, 128,

64]. The basic layer block (named LinBnDrop) is formed by the next transformations:
1. Linear Layer (torch.nn.linear)
2. Reactified Linear Unit — ReLU (torch.nn.relu)
3. Batch Normalization - BatchNorm1d (torch.nn. BatchNorm1d)
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Loss Function: Focal Loss Flat (Lin et al., 2018). The focal loss works specially well with
imbalanced data as it adapts its weights to focus learning on hard misclassified examples.

Optimization Algorithm: Adam (Kingma & Ba, 2015).

4. Feature Importance algorithms for feature explanation

Feature importance algorithms were used to select the variables that have a higher
impact on the outcome of the models. Feature Permutation Importance and SHAP
Summary Plots are the two algorithms commonly accepted in the scientific community
(Altmann et al., 2010; Lundberg & Lee, 2017).

Feature permutation importance (Altmann et al., 2010) is based on repeated
permutations of the outcome vector to estimate the distribution of measured importance
for each variable in a non-informative setting.

SHAP assigns each feature an importance value for a particular prediction (Lundberg
& Lee, 2017). SHAP values attribute to each feature the change in the expected model

prediction when conditioning on that feature.

5. Probabilistic and Statistical Analysis. Values Selection based on Maximizing

desired Effectiveness and Minimizing the undesired one

Shapley values and its variants are adequate “Local Model-Agnostic methods”, which
provide interesting insights of a single prediction. Global Explanation methods can help
understand the model through visualizations and explanations of the final model weights
(Molnar, 2022). As the aim of the study was to understand how to maximize the serve
effectiveness (how and why specific values of the selected features affect the predicted
target variables), the goal was to calculate which values threshold of the selected features
maximize the likelihood of Effectiveness type 1 and minimize the likelihood of the
Effectiveness type 4. For this purpose, a novel semiautomated algorithm based on
classical statistics was developed. The first steps of this process were the following:

1. First, a smooth probability distribution of the data using the Kernel Density
Estimation algorithm (KDE), together with statistical estimators was
calculated for each selected feature. The estimators were mainly the Mean, the
MLE, and percentiles 5 and 95, for each type of Effectiveness.

2. Then, the values were mostly identified by selecting the area of the plot which
combined a higher density of the points with the desired result (typel) and a
lower density of the undesired result (type4). The statistical estimators also

helped to understand the probability distribution.
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6. Synthetic Data-set Generation, simulation based on the Predictions on the data-set
and Analysis of Effectiveness Improvements.

In the final step a synthetic dataset using the selected values was generated, and the
prediction was simulated. Since the model reached 93% fl-score, the predictions were
reliable, at least for this specific data-set. By doing this, the approach was validated, and
values could be adjusted to improve the Effectiveness Rate. The next steps in the process
were the following:

3. The values outside the desired selected threshold were substituted by random
values inside it and, therefore, a synthetic dataset was generated.

4. Then, predictions on the whole dataset were performed using the Deep
Learning Model previously trained. Then the final rate of Efl and Ef4 was
calculated.

It should be noted that, the most relevant part is the one described in step 2, where the
threshold values for each variable were selected. Steps 3 and 4 also helped with validation
and fine tuning of the selection, but were mainly an evaluation of the final results to
quantify the success of the process.

To efficiently perform multiple experimentation scenarios, all the processes were
automated, except one aspect of the second step, in which the areas that maximize and

minimize the target variable in the desired way were selected.
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5.4. RESULTS

5.4.1. Training of a Deep Neural Network

Table 1 displays the testing data metrics of the dataset for different types of
effectiveness. As it can be observed, the model achieved high performance metrics for
the dataset of type 1 and of type 4, being f1-score 0.95 and 0.94 for each class. The overall
classification accuracy on the evaluation test set was 0.94. Therefore, this model, which
serves as the basis for the other algorithms, has been shown to be reliable for defining the
characteristics of the serve when points end in an ace and those that last 4 or more shots.
Table 1.
Sklearn Classification Report Typel vs Type4 - Deuce & Advantage

Macro Weighted
Effectiveness Precision Recall F1-score
average average
Type 1 091 0.99 0.95 0.95 0.94
Type 4 0.99 0.89 0.94 0.95 0.94

5.4.2. Calculation of the most relevant variables

Once the reliability of the model in distinguishing between points that end with an ace
and points that last for 4 or more strokes was established, the next step was to calculate
the serve variables that had the greatest relevance for each type of effectiveness. Figures
3,4 and 5 depict the mean SHAP values, which indicate the average impact on the model
outputs for each variable on the deuce and advantage sides, respectively. As it can be
observed, the results of the most important variables were very similar for both sides.
Regardless of the serving side, the variables that had the most relevance in the model
were 0 and dL. Additionally, “Speed” was the other variable that had significant

importance in the developed model.
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Figure 3. Effectiveness of typel vs type4 in the DEUCE side.
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Figure 4. Effectiveness of typel vs type4 in the ADVENTAGE side.
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Figure 5. Effectiveness of typel vs type4 in both sides.
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The mean SHAP values show the average impact on the model outputs for each
variable.

The results of the most important variables were very similar for the deuce and
advantage sides.

After separating highly correlated variables (6 and dL) the SHAP values summary
showed that in both cases, & and dL were the most important variables.

The algorithm showed that the Speed is the next most important variable for the model.

5.4.3. Values that maximize the effectiveness type 1 (and the effectiveness minimize
type4). That is, recommended values.

Table 2, show the distributions of the variables dL, 9, and Speed of the serves for points
ending with an ace or with more than 3 shots for both sides of the court. Regarding dL,
aces showed a similar distribution on both sides of the court. However, the serves for
points with 4 or more shots showed significant differences in the distribution of their
population. It can be observed that on the advantage side, a greater number of serves with
higher values of dL were found.

Regarding o, the distribution of serves where the point lasted more than three strokes
was similar on both sides of the court. However, it can be observed that aces have a wider
range on the deuce side compared to the advantage side which indicates that on the deuce
side, larger angles would maximize the probability of achieving an ace to a greater extent
than on the advantage side.

Regarding Speed, again, the distribution of serves where the point lasted more than 3
strokes was similar on both sides of the court. However, the recommended values to
maximize the probability of serving an ace would be slightly lower on the deuce side than
on the advantage side.

The recommended values to maximize the probability of serving an ace would be
somewhat lower for the deuce than for the advance side. For the other efficiencies, no

significant differences were found.
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Table 2. Descriptive values of the variables

dL Serve angle Speed
Effectivencss Population | MaxLike Percentils Mean  SD MaxLike Percentils Mean  SD MaxLike Percentils Mean  SD
(%) (m) (m) (deg) (deg) (km h-1) (deg)
Type 1 9.68 0.19 0.04 - 1.41 041 041 5.78 2.04-7.78 576 152 | 179.86 159.01-210.86 185.72 16.85
DEUCE Type 2 25.15 0.63 0.21-1.93 095 0.54 4.92 0.87-6.31 371 176 | 18624  160.89-205.72 18420 14.15
SIDE Type 3 19.58 0.59 0.22-1.97 .02 0.57 437 0.76 - 6.19 344 177 | 18482  159.01-204.54 183.13 14.31
Type 4 35.54 0.77 0.28-1.93 1.05 0.52 4.67 0.86-6.13 345 170 | 180.57  156.56-202.56 180.39 14.32
Type 1 9.17 0.18 0.03-14 040 042 5.85 2.11-1751 562 143 19391  162.58-211.39 189.23 16.44
ADVANTAGE Type 2 24.34 0.52 0.18-1.95 099  0.57 5.06 0.84 - 6.32 3.66 1.78 189.45  155.56-206.65 18525 14.67
SIDE Type 3 19.03 0.49 0.19-1.97 1.00  0.59 4.79 0.77 - 6.42 3.69 185 186.48  155.56-204.71 183.03 15.26
Type 4 37.33 0.78 0.27-1.95 1.07 0.54 4.56 0.86 - 6.04 346 1.67 | 18722  153.23-203.38 181.26 15.37
Type 1 9.46 0.18 0.03 - 1.41 040 041 5.79 2.08 - 7.69 570 147 | 19391 160.65-211.20 18732 16.75
BOTH Type 2 24.78 0.61 0.19-1.94 097  0.58 5.05 0.84 - 6.32 3.69  1.77 | 18722 160.26-206.36 184.68 14.40
SIDE Type 3 19.34 0.52 0.2-1.97 1.01  0.58 4.59 0.77 - 6.25 356 181 185.73  157.61-204.66 183.08 14.76
Type 4 36.38 0.76 0.28 - 1.95 1.06  0.53 4.63 0.86 - 6.08 346 1.69 | 18722  15533-202.94 180.81 14.76
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5.4.4. Generation of a dataset substituting original values for recommended values of
the variable in question and prediction of efficiencies (the model trained in point 1 was
used to make the predictions).

Using the variables associated with the population density graphs, a statistical
estimation was performed on the values that would, a priori, maximize the probability of
serving an ace and minimize the probability of the point lasting four or more strokes.
Table 3 shows the results of the predictions using the trained model described earlier and
the synthetic dataset, which resulted from replacing values that fell outside the
recommended range with random values within the recommended range. As can be
observed, dL values between 0 and 0.28 m increase the probability of achieving an ace to
values close to 90%. Similarly, 6 values between 5.7° and 8.7° elevate the possibility of

achieving an ace to values above 80%. On the other hand, Speed values between 187 and

220 km h~! only increase the probability of achieving an ace to approximately 40-45%.

Table 3. Results of the predictions using the trained model.

Values Effectiveness  Effectiveness
Variable Side (min-max) Before (%) After (%)

DEUCE 33.05 83.40
dL (m) AD 0-0.28 30.64 81.26
BOTH 33.49 88.48
DEUCE 33.70 88.68
Serve angle (deg) AD 5.7-87 29.77 88.21
BOTH 33.25 89.04
DEUCE 35.17 45.75
Speed (km h_l) AD 187 -220 34.36 44.13
BOTH 30.38 39.91

5.5. DISCUSSION

Using a novel methodological proposal this study sought to identify which
characteristics of serves determine their efficiency in men’s professional doubles tennis.
The results showed that the characteristics of the serves in which the point ended in two,

three or more shots were very similar. However, it was possible to identify different
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characteristics for the aces, compared to those in which the point lasted more than three
shots. Therefore, these results allow to establish the variables and values which are
associated with a higher probability of a serving an ace in men’s professional doubles
tennis. In addition, the methodology used has been shown to be a novel, valid and reliable
way that can be replicated for the calculation of the efficiency of actions in different sports
disciplines.

The results have shown that the service angle is one of the variables that best
discriminates the probability of serving an ace in men’s professional doubles tennis.
These results are consistent with a previous study of the serve in singles tennis, which
indicated that if the serve angle was less than 5.88° the serve will be returned with a
probability of 92.52% (Whiteside & Reid, 2017). In doubles tennis, according to the data
obtained in the present study, an angle of between 5.7° and 8.7° theoretically increases
the probability of serving an ace from 29.77% to 88.21% on the advantage side and from
33.70% to 88.68% on the deuce side. These results support those obtained by previous
studies where Whiteside and Reid (2017), reported that there is a higher probability of
getting an ace when the serve is played wide than to the T zone, with probabilities of 42%
on the advantage side and 52% on the deuce side. Wide serves generate a greater angle
than those played to the T, so it is logical, according to the data obtained, that they are
also more effective. Furthermore, from a technical point of view, and specifically related
to the different types of serve spin used, it has been shown that players use the slice to
generate a greater serve angle on the deuce side, whereas they opt for flat or topspin for
a greater angle when serving to the T on the advantage side (Matsuzaki, 2004; Gillet et
al., 2009; Mecheri et al., 2016).

Another of the variables found to have a greater relevance in determining the
probability of serving an ace has been the distance from the bounce of the ball to the
sideline of the service box. This reinforces the idea that one of the main objectives of the
server is to gain an advantage over the receiver, trying to get the ball as far away from the
receiver as possible (Mecheri, 2016; Martinez-Gallego et al., 2021; Vives et al., 2022).
Whiteside and Reid (2017) determined that in 77.53% of cases, if the distance to the line
was less than 15.27 cm and, in addition, the serve angle was greater than or equal to 5.88°
the serve would be an ace. In the case of men’s professional doubles tennis, in this study
it has been shown that, if the serve distance is between 0 and 28 cm, the probability of
serve being an ace would go from 30.64% to 81.26% on the advantage side and from

33.05% to 83.40% on the deuce side.
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The results on the importance of the angle of the serve and the distance of the bounce
of the ball to the line also support what has been found in previous studies on the
professional doubles game. According to Vives et al. (2022) players try to take the
initiative of the point by moving the receiver out of the court, both on the advantage and
deuce sides. This study reported a high efficiency of the serve when players serve wide
on both sides of the court, with values of 40.71% on the deuce side and 37.54% on the
advantage side. Similarly, the percentages of effectiveness of serves to the T were
considerably high, with values of 38.45% and 39.28% respectively. The information
provided in this study regarding the most important variables and the values that
maximize the probabilities of direct serves could be very valuable for coaches and players
in order to further increase the effectiveness of this type of service.

In singles, serve speed has been shown to be one of the most important variables when

serving an ace. Previous studies have reported that the probability of serving and ace if

the serve speed is greater than 198 km h1 is 58.68% (Whiteside and Reid, 2017).

However, the data obtained in our study show that the serve speed is less important in

doubles tennis. Thus, it was found that once 187 km hlis exceeded, the probability of
serving an ace would only increase by about 10% regardless of the side of the serve.

Therefore, considering the results from this study and the values found for the most
important variables that determine the execution of serving an ace, it can be stated that,
although speed is an important variable, very high speeds do not considerably increase
the probability of winning the point directly with the serve. However, the angle of the
serve and the bounce of the ball close to the sidelines do significantly increase the
probability of serving an ace.

These results have very relevant practical implications related to the training regime
for serve practices in men’s professional doubles. From a tactical perspective, knowledge
of the insight found in this study can assist tennis players in their decision making to
maximize their serve advantage. In addition, technically, physically, and mentally, it is
also important to prepare doubles tennis players for efficient service execution with
respect to the values of the indicated variables. Therefore, the effective application of the
values found for variables such as service angle, distance to the line, or speed will be
determinant for the design of specific training tasks and for the definition of specific

patterns of play (Whiteside & Reid, 2017; Vives et al., 2022).
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5.6. CONCLUSIONS

In this study, key characteristics for a direct serve in men’s professional doubles tennis
were identified. The angle of the serve was found to be a crucial variable, while the
distance from the ball bounce to the sideline was also relevant. These findings are
consistent with previous research in doubles tennis. It was observed that an optimal
service angle between 5.7° and 8.7° significantly increased the probability of a direct
serve. In addition, maintaining a distance from the ball bounce to the sideline between 0
and 28 cm increased the probability of success. The speed of the serve in doubles showed
less influence compared to singles tennis. These results have practical implications for
training and tactical decision-making in doubles tennis to maximise the effectiveness of

SCrves.
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6.1. ABSTRACT & KEYWORDS

This study aimed to identify the key variables that influence the effectiveness of the
first serve in women’s doubles matches using a deep learning training model. A total of
4939 first serves by 145 players from Billie King Cup matches were classified
according to their effectiveness. Data from the Hawk-Eye system were filtered and
processed to obtain descriptive statistics of the spatio-temporal predictor variables and
then to calculate the most important variables for first serve effectiveness. The angle of
the service was the feature that gained more relevance, along with the speed and distance
from the bounce to the sidelines, regardless of the side from which the service was made.
The training model showed novel results, identifying that the values of the service angle
between 5.5°-8.7° increased the effectiveness from 22.2% to 48.5% on the Deuce side
and from 17.3% to 45.7% on the Advantage side. These results not only align with
existing research on men's professional tennis across both singles but also offer valuable
tactical and training guidance. The insights gathered from this study are poised to
enhance training methodologies and match-day strategies, providing a strategic edge in

serve selection during competitive play.

Keywords: racquet sports, machine learning, strategy, sport analytics, serve
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6.2. INTRODUCTION

Tennis is an open skill sport in which, from a strategy perspective, players make
tactical decisions based on their strengths and weaknesses, as well as those of their
opponents. In the quest to understand the critical factors that influence success in tennis,
numerous studies have analysed players' match statistics (Crespo et al., 2015;

O'Donoghue, 2002).

The serve is one of the key performance aspects in tennis, as it is a fundamental skill
that plays a crucial role in the match outcome. In fact, points won with the second serve
and points won with the return of the second serve have been identified by authors such
as Reid, McMurtrie and Crespo (2010) as the most relevant variables of the game.
Furthermore, it has been shown that players improve their serving statistics over the
course of a tournament (Grambow et al., 2020), and that those with a better serve win
more points with the second serve and in break point situations and win more points and
games when serving (Infantes et al., 2019), which highlights the importance of this stroke

in the performance of the player.

Despite being the most decisive stroke in tennis today, the scarcity of studies dedicated
to the serve in the women's game is evident (Sanchez-Pay et al., 2022). Both the serve
and the return have been shown to play a crucial role in competition (Stanescu, 2016;
Abidin & Ruslan, 2020) and can have an impact on subsequent strokes (Born, 2021).
Authors such as Grambow et al. (2021) have suggested that players should focus on
increasing the percentages of games and points won with the serve, as well as perfecting
aces to improve serving effectiveness. Other authors have explored biomechanical
aspects (Whiteside et al., 2015) and the kinematics of the first serve at different stages of
training (Whiteside et al., 2013). Furthermore, studies have also analyzed how players'
ranking can influence their performance (Sanchez-Alcaraz, 2018; Kovalchik et al.,

2017)).

As per the serve in the doubles game, it has received considerably less attention from
researchers than that of the singles. When comparing the service efficiency between male
and female professional players Carboch & Kocib (2016) concluded that men won around
10% service points more than women, and that to win a match they also needed to win
more service points than women. Kocib et al. (2020) tactically analysed the formations
of serving and returning teams, and Avkhimovich (2023) investigated the order of servers

in doubles and how this affects who should serve first. Martinez-Gallego et al. (2021c)

- 68 -



ESTUDIO 3

demystified popular serving beliefs in doubles, concluding that the serving team's
advantage is most notable on points of up to four shots, especially with new balls on clay,
although this advantage diminishes on break points. Lastly, a study of Davis Cup doubles
matches revealed that the effectiveness of the serve in doubles depends more on the angle

and placement than on the speed of the serve (Vives et al., 2023).

Similarly, an obvious lack of research can be observed in women’s doubles, despite
its relevance in team competitions such as the Billie Jean King Cup (BJKC). The BJKC,
formerly known as the Fed Cup until 2020, is the most important global competition
played by 110 national teams annually, which is the tennis World Cup for women.
Created in 1963 by the ITF, it is the equivalent for women of the Davis Cup (BJKC,
2023). As aforementioned, research on this competition is substantially less common than

in the men’s events.

In this context, other studies have focused on gender differences in the volley game in
doubles, highlighting certain court coverage differences between men and women
(Martinez-Gallego et al, 2021b), or the activity profile of players on different surfaces in
doubles Grand Slam matches, resulting in short and intense points with a predominance
of net play (Borderias et al., 2021). Finally, Borderias et al. (2023) analysed structural
variables and the completion of points in women’s doubles, concluding that taking the

initiative and being aggressive in the game is beneficial for the point outcome.

From a technological perspective in terms of the tools used for match analysis, the use
of tracking technologies in tennis, such as the Hawk-Eye (HE), has allowed different
studies to use a large amount of data for the analysis of the singles game performance
indicators. The serve has been analyzed in a myriad of studies (Loffing, 2009; Rioult et
al., 2015; Wei et al., 2015; Mecheri, 2016; Whiteside and Reid (2017). For instance,
Fitzpatrick et al. (2023) explored the different serve and return strategies used by male
and female players at Wimbledon. Other studies have also investigated the different
movement parameters, changes of direction and hitting dynamics of male and female
players during matches (Wei et al., 2013; Reid and Duffield, 2014; Reid et al., 2016; Giles
et al., 2020; Brandon et al., 2021; Wei et al., 2013; Meurs et al., 2021).

In the case of the doubles game, HE data have been used to analyze the characteristics
of the services as a function of their direction. Vives et al. (2021) found that the position
of the server was shown to be a determining factor in the direction of the first or second

serve and, therefore, a variable to be considered for the effectiveness of the serve itself
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and the anticipation in the return. The differences in the characteristics of the serve in
men’s and women’s doubles tennis have also been analysed in terms of its effectiveness
and the directions used, and Martinez-Gallego et al. (2021a) concluded that men’s teams
are more effective than women’s, especially in serves directed to areas far from the center

of the service box.

Despite the acknowledged importance of the service in tennis and the numerous
studies that have analyzed its different aspects in the singles and the men’s game, there is
a notable lack of specific research focused on women’s doubles, especially in high-level
competitions such as the Billie Jean King Cup. This gap in the scientific literature justifies
the need for this research that, by using currently available technologies and analyses,
explores service dynamics and strategies in this tennis discipline. Therefore, this study
aims to fill this research gap by identifying and analyzing the key variables that influence

the effectiveness of the first serve in Billie Jean King Cup women’s doubles matches.

6.3. METHODS
6.3.1. Sample

A total of 4939 first serves was analysed from 65 women’s doubles matches played
during BJKC qualifying ties between 2011 and 2019. Our study featured the participation
of 107 teams and 145 players from 23 different countries, with an average age of 25.81 +
4.74 years.

6.3.2. Process

The data used in this study was obtained using the HE tracking system (Hawk-Eye
Innovations Ltd., 2015). The HE tracking technology has passed rigorous ITF tests that
have validated the accuracy and reliability of the system. A system of synchronized
cameras is used to track the movement of the ball in real time. Each camera captures the
position of the ball in its own plane. By knowing the position and orientation of each
camera, the 3D position of the ball can be estimated by intersecting the trajectories
defined by the cameras. This allows the three-dimensional coordinates of the ball to be

determined accurately in space (Singh Bal & Dureja, 2012; Reid et al., 2016).

After acquiring data from the Hawk-Eye system, a template was developed using
Microsoft Excel version 16.16.7 (Microsoft, Redmond, USA) to facilitate data processing

and the calculation of targeted variables. The derived variables included:
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The variables derived and analyzed in this study were:

e Court side: Side of the court from where the serve is played. This variable was used

to divide the dataset and perform the analysis for each side of the court.

e [Effectiveness:

In

featur

Type 1: The point finishes with one shot.
Type 2: The point finishes with two shots.
Type 3: The point finishes with three shots.

Type 4: The point finishes with four or more shots.

Speed: Mean speed of the serve.

Position: Position of the server when hitting the serve.

Time: Time between ball impact and ball bounce.

Speed loss: Loss of speed of the ball after its bounce.

Impact Z: Height of the ball at impact.

Net clearance: Height of the ball when passing over the net.

d: Serve angle.

[: Vertical projection angle.

dL: Distance from ball bounce to the sideline of the serve box.

Direction: Wide (W), Body (B) and T (Figure 1).

Figure 1. Serve direction.
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6.3.3. Data analysis
The Machine Learning methodology used in this study was used and validated in a

previous study by Vives et al. (2023), using the following steps:

6.3.3.1. Predictive model: Training the deep learning model

This study compared AutoGluon and FastAl for tabular data analysis. Although
AutoGluon offers outstanding tools, its lack of flexibility leading to the choice of FastAl.
The implementation of AutoGluon was straightforward, while FastAl required more
development, but provided flexibility.

A tabular model with 5 layers of feature size [256, 128, 128, 128, 128, 64] and
LinBnDrop basic blocks were used. The loss function was Focal Loss Flat, and the Adam
optimization algorithm (Kingma & Ba, 2015) was used. This work contributes to the

understanding of tools for tabular data analysis.

6.3.3.2. Feature importance: Most important variable

The Feature Permutation Importance methodology emerges as a robust tool,
facilitating the identification of features with predictive capability, irrespective of the
employed model. This approach provides a valuable perspective for assessing the
individual contribution of variables within the broader analytical framework (Kuhn &
Johnson, 2013).

Feature importance algorithms were employed to identify variables with a substantial
impact a predictive model, indicating the relative significance of each feature in making
predictions. It is based on repeated permutations of the outcome vector to estimate the
distribution of measured importance for each variable in a non-informative setting

(Rajbahadur et al., 2022).

6.3.3.3. Probabilistic and statistical analysis: Values that maximize the probabilities
In the context of a study focused on maximizing serve effectiveness and understanding
the impact of selected features on predicted target variables, a novel semi-automated

algorithm based on classical statistics was developed.

The initial steps involved calculating a smooth probability distribution using the
Kernel Density Estimation algorithm for each selected feature, along with statistical

estimators such as Mean, Maximum Likelihood Estimation (MLE), and percentiles 5 and
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95 for each type of effectiveness. Subsequently, values were identified by selecting areas
on the plot with a higher density of points corresponding to the desired result (type 1) and
a lower density of points for the undesired result (type 4). Statistical estimators played a

crucial role in interpreting the probability distribution during this process.

6.3.3.4. Synthetic data-set generation: simulation based on the predictions on this
dataset and analysis of effectiveness improvements.

The final step was to create a synthetic dataset by applying the identified thresholds to
the original dataset Through validation procedures, we made adjustments to improve the
effectiveness rate. To further refine the dataset, any values outside the specified
thresholds were replaced with random values within the acceptable range, creating a new
synthetic dataset. We then used the previously trained deep learning model to make
predictions on the synthetic dataset, calculating the final rates for effectiveness type 1 and
effectiveness type 4.

The Effectiveness results using the original dataset and the new synthetic dataset with
the recommended threshold values are shown in table 2. They show how the model
trained on the original dataset impacts the effectiveness on the second dataset, increasing

the overall probability on the synthetic dataset by 47.1%

6.4. RESULTS

6.4.1. Descriptive statistics of the spatiotemporal predictor variables

Table 1 shows the descriptive statistics of the spatio-temporal predictor variables. As
it can be seen in the results, the mean of the variable speed is higher in aces than in the
rest of the serves, both on the Deuce side with 160.19 km/h and on the Advantage side
with 165.90 km/h. This difference is also reflected in the J, being the angle greater in aces
with an average of 5.99° on the Deuce side and 5.74° on the Advantage side. On the other
hand, the dL. was another of the variables that showed significant differences between the
aces and the rest of the serves, being the shortest distance in aces regardless of the side.
Regarding the rest of the variables, as can be seen, their means were quite similar on the
Deuce and Advantage sides, both for the serves that were aces and for the rest of the first

SCrves.
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Table 1. Descriptive statistics of the spatio-temporal predictor variables

DEUCE ADVANTAGE
Total Aces Total Aces
(N=2615) (N=156) (N=2324) (N=113)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Speed (km/h) 154.14 13.63 160.19 15.69 155.88 1372 165.90 13.64
Position (m) 2.03 0.73 1.96 0.79 2.03 0.82 1.82 0.89
Impact Z (m) 2.67 0.14 270 0.13 2.68 0.15 2.72 0.14
Net Clearance (m) 1.14 0.11 1.13 0.11 1.14 0.11 1.13 0.11
Time (s) 0.48 0.05 047 0.05 0.48 0.05 0.45 0.04
Speed loss (km/h) 7.80 1.20  7.76 3.28 7.85 1.14 7.50 2.83
Serve angle (deg.) 3.59 1.91 5.99 1.64 3.63 1.74 5.74 1.56
Vertical projection (deg.) 9.05 0.61 9.07 0.56 9.02 0.64 9.05 0.55
dL (m) 1.01 054 039 0.37 0.99 0.56 0.40 0.47

6.4.2. Calculation of the most relevant variables

The next step was the calculation of the serve variables that were most important for
type 1 effectiveness. Figure 2 shows the mean values indicating the average impact on
the model outputs for each variable on the Deuce side, the Advantage side and both sides

respectively. As it can be seen, the most important variables were 0, speed and dL to the

line irrespective of the side where the serve was played.
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6.4.3. Results of the predictions using the trained model.

Table 2 shows the results of the predictions using the trained model and the synthetic
dataset, which resulted from replacing values outside the recommended range with
random values within the recommended range. Serve angle values between 5° and 8.7°
double the initial probability of making an ace on both the deuce and the advantage side.
Similarly, although to a lesser extent, both the variable of serve speed (between 157 — 200
km/h) and the variable of distance to the line < 0.42m, also improve the probability of

making an ace, regardless of the side of the court.

Table 2.

Results of the predictions using the trained model.

Values Effectiveness  Effectiveness
Variable Side (min-max) Before (%) After (%)

DEUCE 222 48.5
Serve angle (deg) AD 5.5-8.7 17.3 45.7
BOTH 18.7 47.1
DEUCE 18.8 243
Speed (km/h) AD 157 -200 16.7 239
BOTH 16.8 22.8
DEUCE 20.3 21.7
dL (m) AD 0-0.50 16.4 20.3
BOTH 17.5 20.7

6.5. DISCUSSION

This study addressed serve effectiveness in women’s doubles tennis, using advanced
machine learning techniques to analyze a large dataset collected from BJKC matches.
From the analysis 0f 4939 serves in 65 matches, it was found that serve angle, serve speed
and distance to the serve line are critical variables in increasing the likelihood of hitting
an ace.

The results shown in Table 2, have determined that serve angles between 5.5°-8.7°
have a direct impact on the serving team achievement of an ace in women’s professional
doubles tennis, increasing the overall probability by 47.1 % (48.5% on the deuce side and
45.7% on the advantage side). These results are in the lines of previous studies in both

singles and men’s doubles tennis, where it was reported that angles from 5.88° and 5.7°,
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respectively, significantly increased the probability of hitting an ace (Whiteside & Reid,
2017; Vives et al., 2022). These results confirm that, in women’s doubles tennis, as in the
men’s game, employing strategies in which the direction of the serve seeks to place the
ball away from the receiver increases the efficiency of the serve partner and, therefore,
their chances of winning the point, either through an ace or by taking the initiative of the
point (Rioult et al., 2015; Mecheri et al., 2016; Martinez-Gallego et al., 2021; Vives et
al., 2022). However, it is important to note that these improvements in efficiency in
women’s doubles (=30 %) are considerably lower than those reported in the men’s game
(=50-60 %). This may be due, on the one hand, to the lower overall efficiency of the serve
in women’s doubles compared to men’s doubles (Martinez-Gallego et al., 2021a) and, on
the other hand, to the position adopted by the players in the return of serve. In this regard,
although there are no data in doubles tennis, in the singles game it has been reported that
female players adopt positions closer to the net than male players (Reid et al., 2016). This
could allow them to shorten the trajectory of the ball and, therefore, move a shorter
distance, thus increasing the likelihood of returning the serve.

The variable of serve speed has been explored due to its impact on the game in several
studies, which have found a significant relationship with the probability of winning the
point (Rioult et al., 2015). In contrast, no direct relationship has been found between aces
and speed in both male and female players (Brown, 2021). However, the results obtained
in this study show that, in women’s doubles tennis, first serve speed, although limited,
does improve the likelihood of hitting an ace. Specifically, it has been found that serves
with speeds of 157 km/h and above improve the probability of hitting an ace on both sides
of the court by around 5%. These results are in line with those found in men’s doubles,
where once 187 km/h was exceeded, the probability of an ace was increased by
approximately 10% (Vives et al., 2023). Thus, although serve speed is an important
variable that has received much attention and interest (Rioult et al., 2015; Grambow et
al., 2021; Mecheri et al., 2016), its contribution to improving effectiveness is limited
compared to other variables such as angle. Currently, probably due to improved return
performance, returners are able to return a very high percentage of serves, even at high
speeds (Born et al., 2021; Fitzpatrick et al. 2023), which means that, in isolation, speed
is not a determining variable in serve effectiveness. Therefore, it seems reasonable that,
although serve speed is an aspect to work on with the players, it would be advisable to

integrate it with variables related to direction and angle to maximize effectiveness.
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Similar to speed, the distance from the ball bounce to the serve box sideline, although
it improves the effectiveness of serves, does so to a limited extent, increasing the
probability of hitting an ace by approximately 5% when the distance is less than 0.50 m.
These results differ from those observed in men's doubles tennis, where bouncing the ball
within 0.28 m of the line was reported to increase the probability of hitting an ace by 50%
(Vives et al., 2023). This also contrasts with a study of men's singles tennis, which found
that bouncing within 0.15 m of the line significantly increased the probability of hitting
an ace (Whiteside and Reid, 2017). These differences are likely due to the interaction of
this variable with speed. The fact that male players serve at a higher speed than female
players (Brown, 2021) means that, when the ball bounces close to the lines, effectiveness
increases to a greater extent. On the other hand, in the case of the female players, although
the ball bounces close to the lines, serving at a slower speed allows the receiver to reach
the ball in better conditions and, therefore, the serve is less effective.

Even though this study is comprehensive, there are certain limitations that should be
taken into account. These limitations also provide some ideas for future research
directions in this particular area of study.

One of the key limitations of this study is the isolated analysis of the serve, conducted
without considering its impact on subsequent shots or shot patterns that develop later in
the game. This approach omits how the characteristics of the serve can affect the
dynamics of the point. Future research could analyze the effectiveness of the serve using
a more comprehensive approach, by examining how the variables of the serve contribute
to the overall development of the game, thus allowing for a more holistic understanding
of the various nuances in the strategy of women's doubles tennis.

Another important limitation is the independent analysis of the variables conducted,
without exploring the interaction between them. This simplified approach may not fully
capture the complexity and multifactorial nature of tennis performance. In this scenario,
future research should consider the interactions between variables, which would offer
deeper insights into how specific combinations of factors influence serve success in
women’s doubles.

Finally, the exclusive use of data accessed from the BJKC may limit the absolute
applicability of the results to other competitive contexts in women’s doubles tennis. The
specificity of the sample suggests the need for caution in absolute applying the results.
Future research could also extend the analysis to different competitions and levels of play,

thus enriching the understanding of serving in women’s doubles tennis and its impact on
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competitive performance. These studies could reveal tactical and strategic variations
adapted to different playing contexts, offering a broader and globally applicable
perspective.

From a practical application perspective, the results of this study reveal critical aspects
that can be considered by coaches and trainers to improve serve effectiveness in women’s
doubles on court training sessions. The identification of speed, bounce distance to the
line, and particularly, serve angle as key variables that increase the likelihood of hitting
aces suggests that serve training should prioritize these elements. This aligns with the
findings of Filipcic et al. (2021), who highlighted the importance of shot angles in their
analysis of matchplay characteristics and performance indicators. Therefore, specific
technical training that incorporates exercises aimed at improving mechanical variables,
such as serve angle and speed, could be particularly beneficial. Furthermore, when
planning doubles game strategies, and considering the observed strengths and weaknesses
in the opponents, it would be relevant to understand how the variables identified in this
study can help not only to improve serving performance, but also in shaping the post-

serve game patterns, allowing players to take the initiative from the start of the point.

6.6. CONCLUSIONS

This study explored the effectiveness of the serve in women’s doubles tennis, using
advanced machine learning techniques to analyse data collected from Billie Jean King
Cup matches. The results revealed that serve angle is the variable that determines the
most the likelihood of hitting an ace. Speed and distance to the serve sidelines, although
to a lesser extent, were also related to a greater likelihood of hitting an ace. These findings
underline the importance of integrating technical, tactical, and biomechanical aspects to
improve women’s doubles serving performance through the appropriate use of variables.
Therefore, it is suggested that coaches and physical trainers focus their serve training
sessions on improving the angle and speed of the shot, as well as on improving the
strategic selection of serve direction, to enhance the chances of success in women’s

doubles tennis.
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CONCLUSIONES

Las principales conclusiones que se obtuvieron por estudio fueron las siguientes:

Estudio 1: Effective serving strategies in men’s doubles Davis cup matches: an analysis

using tracking technology.

Se observd que los primeros saques mas rapidos fueron los dirigidos a la zona de la
T, por contra los mas lentos fueron los dirigidos a la zona Abierta.

La velocidad media del primer servicio en dobles es cercana a los 180km/h y varia en
funcién de la direccion del servicio.

La posicion del sacador varia segtin la direccion del servicio y si se trata de un primer
o segundo servicio, con un claro componente tactico.

Los primeros saques mas efectivos son los dirigidos a las zonas Abierta y T, mientras
que no se encontraron diferencias en los segundos saques independientemente de la

direccion y del lado.

Estudio 2: Optimizing Sporting Actions Effectiveness: A Machine Learning Approach to

Uncover Key Variables in the Men’s Professional Doubles Tennis Serve.

Se identificaron las caracteristicas mas importantes para lograr un ace en la modalidad
de dobles profesionales masculino, resultando el &ngulo del servicio y la distancia del
bote de la pelota a la linea lateral como las variables mas relevantes.

Un angulo de servicio 6ptimo entre 5.7° y 8.7° se asocio significativamente con una
mayor probabilidad de un saque directo, coincidiendo con investigaciones previas en
la disciplina individual.

Mantener una distancia del bote de la pelota a la linea lateral entre 0 y 28 cm también
aumento la probabilidad de éxito en la consecucion de un saque directo.

La velocidad del servicio mostré una influencia menor en comparacién con la
disciplina individual, sugiriendo que otros factores son mas determinantes en el

dobles masculino.
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Estudio 3: Serve Strategy in Professional Women's Doubles Tennis - A Data-Driven

Perspective.

- Se identificaron el &ngulo de servicio, la velocidad y la distancia del bote de la pelota
a la linea lateral las caracteristicas mas importantes para lograr un ace en la modalidad
de dobles profesionales femenino.

- Se encontrd que el angulo de servicio es la variable mas determinante para lograr un

saque directo en el tenis de dobles femenino.

- Lavelocidad del servicio y la distancia a las lineas laterales también se relacionaron
con una mayor probabilidad de realizar saques directos, aunque en menor medida.

- Los valores recomendados del dangulo de servicio son muy similares en la categoria
femenina y masculina, mientras que la velocidad y la distancia del bote de la pelota a

la linea son significativamente diferentes.
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LIMITACIONES Y FUTURAS LINEAS DE INVESTIGACION

A pesar de que se intent6 abarcar en amplitud y profundidad las caracteristicas
principales del servicio en el tenis profesional, tanto en la categoria femenina como en la
masculina, existen ciertas limitaciones que deberian tenerse en cuenta. Estas limitaciones
también podrian convertirse en futuras lineas de investigacion en esta area de estudio en
particular.

Una de las principales limitaciones de estos estudios es la escasez de investigaciones
previas en la disciplina de dobles. Existen numerosos estudios de todo tipo sobre el tenis
individual, pero hay muy poca literatura sobre el tenis de dobles profesional. Es por este
motivo por el que en muchas ocasiones tuvimos que basarnos en estudios previos de tenis
individual.

Otra limitacién del estudio es el uso exclusivo de datos procedentes de la copa Davis
y la copa Billie Jean King, lo que podria restringir la generalizacion de los resultados a
otros contextos competitivos en el tenis profesional de dobles. En futuras investigaciones,
se podria ampliar el anélisis a otras competiciones y niveles de juego, lo que permitiria
comprender mejor el saque en la modalidad de dobles y su influencia en el rendimiento
de los jugadores en la competicion.

En varios de estos estudios (2 y 3) se ha tratado de determinar la incidencia del servicio
en el juego, pero se ha llevado a cabo de forma aislada, ya que no se encontraron
diferencias significativas entre los diferentes tipos de servicio que se analizaron. En el
futuro, se podrian llevar a cabo investigaciones que abordaran el analisis del saque desde
una perspectiva mas integral, explorando cémo las distintas variables asociadas al saque
influyen en el desarrollo global del juego. Esto permitiria obtener una comprension mas
completa de los diversos matices técnico-tacticos presentes en el tenis de dobles y
proporcionaria un enfoque mas profundo y enriquecedor para el estudio de esta fase del
juego.

Por ultimo, otra futura linea de investigacion deberia ser la interaccion entre el servicio
y el resto, y como esto afecta al resto del juego. Ademas, en la disciplina de dobles, existe
la figura del compafniero del sacador, que influye de forma directa tanto en el saque como
en el resto. Dadas las caracteristicas especificas de la disciplina de dobles, estos futuros
estudios podrian proporcionar a entrenadores y jugadores herramientas muy utiles para
disenar sesiones de entrenamiento concretas y para tomar decisiones tacticas durante la

competicion.
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APLICACIONES PRACTICAS

9.1. DISENO DE EJERCICIOS PARA LAS SESIONES DE
ENTRENAMIENTO

A continuacion, se describen unas propuestas de ejercicios basadas en la informacion

obtenida en los estudios previos:

- Propuesta 1

Figure 1. Servicio Abierto.

Objetivo:

Primer Servicio a la zona Abierta del lado del Deuce.

Tipo de Dinamica:

Cerrado

Descripcion:

El jugador situado en la posicion A realizara primeros servicios a la zona Abierta del lado
del Deuce. Para facilitar el angulo de tiro al sacador se colocara una porteria (Figura 1) y
en el cuadrado de saque de recepcion se sefializard con la distancia obtenida en los
resultados previos, , siendo 30 cm para los hombres y 50 cm para las mujeres (linea azul).
Para potenciar el ejercicio se podria jugar en formato match tie-break a 10 puntos, siendo
un punto a favor del sacador si entra la pelota en la zona delimitada y en contra si no

entra. Este ejercicio se podra replicar también en el lado de la Ventaja.
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- Propuesta 2
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Figure 2. Servicioala T.

Objetivo:

Primer Servicio a la zona del T del lado del Deuce.

Tipo de Dinamica:

Cerrado

Descripcion:

El jugador situado en la posicion A realizard primeros servicios a la zona de la T del lado
del Deuce. Para facilitar el angulo de tiro al sacador, al igual que se realizaba en el
ejercicio anterior, se podra colocar una porteria (Figura 2), y en el cuadrado de saque de
recepcion se sefializard con la distancia obtenida en los resultados previos, siendo 30 cm
para los hombres y 50 cm para las mujeres (linea azul). Para potenciar el ejercicio se
podria jugar en formato juego, siendo 15-0 a favor del sacador si entra la pelota en la zona
delimitada y en contra si no entra, asi sucesivamente hasta completar el tanteo. Este

ejercicio se podra replicar también en el lado de la Ventaja.
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- Propuesta 3

Figure 3. Servicio con Oposicion.

Objetivo:

Primer servicio con Oposicion

Tipo de Dinamica:

Cerrado

Descripcion:

El jugador situado en la posicion A realizara primeros servicios a la zona Abierta del lado
del Deuce, mientras que el jugador situado en la posicion B intentard devolver dichos
servicios. Se podra jugar con puntuacion a 10 puntos, el sacador si logra un ace o un error
del restador conseguird un punto o, por el contrario, si el restador logra devolver el
servicio lo sumaré €l. Este ejercicio se podra replicar sacando a la zona de la T en el lado
del Deuce, o del mismo modo, variando la direccion (zona Abierta o a la T) en el lado de

la Ventaja.
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Figure 4. Servicio con Oposicion e Incertidumbre

Objetivo:

Primer servicio con Oposicion + Incertidumbre

Tipo de Dinamica:

Semi-Abierto

Descripcion:

El jugador situado en la posicion A podra realizar primeros servicios a la zona Abierta o
alazonadela T del lado del Deuce, el jugador situado en la posicion B intentara devolver
el servicio. Una de las caracteristicas mas importantes que han mostrado los resultados,
son las diferencias significativas en la posicion del sacador en funcion de la direccion del
servicio, por tanto, entrenar una posicion ‘hibrida’ donde el sacador pudiera realizar
servicios tanto a la zona Abierta como a la zona de la T le proporcionaria una ventaja
sobre el restador que podria intuir la zona del servicio en funcidon de la posicion del
sacador. También podria funcionar esta propuesta en el sentido contrario, entrenando la
anticipacion del restador en funcion de la posicion del sacador si este ultimo ocupa una

determinada colocacidn al realizar el servicio.
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- Propuesta 5
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Figure 5. Servicio con Oposicion y Jugador en la Red
Objetivo:

Primer servicio con Oposicion + Jugador en la Red

Tipo de Dinamica:

Semi-Abierto

Descripcion:

El jugador situado en la posicion A podra realizar primeros servicios a la zona Abierta o
alazonadela T del lado del Deuce, el jugador situado en la posicion B intentara devolver
el servicio y ademads se colocard un tercer jugador situado en la posicion C. En este
ejercicio se afiade la figura del compaifiero en la red para asemejar lo mas posible la accion
de juego modificada a la situacion real de juego. En este caso también se podria jugar con
marcador hasta los 21 puntos, otorgando 3 puntos al saque directo, 2 puntos al error del
restador y 1 punto si el jugador de la red consigue una volea, asi mismo se podria puntuar
de forma inversa si el restador consigue restar superando al jugador de la red con 3 puntos,
2 puntos si el jugador de la red falla la volea y 1 punto si no se logra meter el primer

servicio.

-99 .



- Propuesta 6
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Figure 6. Servicio en situacion de Partido
Objetivo:
Partido Modificado

Tipo de Dinamica:
Abierto

Descripcion:

Se jugard un partido de dobles con los 4 jugadores que vemos en la figura X en las

posiciones A, B, C y D. El formato de juego serd un match tie-break a 10 puntos, pero

por ejemplo el saque directo valdra 3 puntos, el error del restador siempre que la pelota

bote en la zona delimitada 2 puntos y el resto de los puntos 1.
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ABSTRACT ARTICLE HISTORY
Despite the importance of the serve in doubles tennis, there is very Received 4 April 2022
little information on the tactical characteristics of this game situa- Accepted 1 August 2022

tion. The aim of this study was to analyse the differences in the KEYWORDS
spatial-temporal characteristics and the effectiveness of the serves Service; tennis; Hawk-Eye:
depending on their direction in professional doubles tennis. Using tactics; racquet sports
the Hawk-Eye system, 20,419 serves from 96 Davis Cup doubles

matches played between 2010 and 2019 were analysed. First serves

to the Wide and T zones showed the highest effectiveness. The

fastest serves were those played to the T, while the slowest were

those played to the Wide zone, except for the second serves on the

Deuce side, where the opposite occurred. The serves played to the

T were hit from positions closer to the centre of the court, and the

time from serve contact to ball bounce was shorter than in the rest

of the serves played to other directions. Generally, compared to

singles tennis, players served from positions further away from the

centre of the court. The data provided in this study have clear

practical implications, both for the design of specific training ses-

sions and for the tactical preparation of matches.

1. Introduction

The serve is the stroke that starts the point in tennis and has always been considered one
of the most important strokes in the game. This has made it the most studied stroke in
tennis, with many studies showing its relationship with performance and ranking
(Klaassen & Magnus, 2014; O’Donoghue & Ingram, 2001; Reid et al., 2010). In addition,
from a strategic and tactics perspective, the serve has been related to different variables
that affect the tactics used by players when hitting this stroke, such as the surface
(Vaverka & Cernosek, 2016), the importance of the point (Knight & O’Donoghue,
2012; Meffert et al., 2018), and the gender (Reid et al., 2016) or the playing level of the
players (Kovalchik & Reid, 2017). Despite the considerable influence of all these factors
on the tactics used by the players, previous studies have shown that, in general, the most
used serve tactics by players is to take more risks with the first serve and to play more
consistently with the second serve (Cross & Pollard, 2011; Martinez-Gallego et al., 2021).

CONTACT Fernando Vives @ fervial@alumni.uv.es @ Department of Sport and Physical Education, University of
Valencia, Valencia, 46010, Spain
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Regarding the doubles discipline, it is worth highlighting its relevance in profes-
sional tennis, since it is played in the Davis Cup and Billie Jean King Cup, in all four
Grand Slams, as well as in all ATP and WTA circuits tournaments, and even in
exhibition events such as the Laver Cup. In fact, with the change of format of the
Davis Cup, it has now become the decisive final point of the tie in case of a draw in the
singles matches (Martinez-Gallego et al., 2020). Despite this, as compared to the
singles game, substantially fewer studies have focused on this discipline. Previous
studies that have analysed doubles matches have mainly focused on the analysis of
match structure, such as Martinez-Gallego et al. (2020) who studied the game struc-
ture and the point completion in men’s doubles, Borderias et al. (2021) who compared
the activity profile of women’s doubles matches on different surfaces, Martinez-
Gallego et al. (2021) who evaluated the influence of partner experience and match
type on the time structure of matches, or Dell’Edera et al. (2018) who compared
certain performance indicators between junior and professional doubles. In relation to
the role of the serve in doubles matches, only a few studies have been found. Two of
them compared the effectiveness of the serve between male and female teams (Carboch
& Kocib, 2016; Martinez-Gallego et al., 2021). Carboch and Kocib (2016) found that
male teams won 10% more serves than female teams and that they needed more points
to the serve to win the match. In addition, they showed that, on hard courts the serve
was a greater advantage for both male and female teams, while the effectiveness of the
serve on clay court was lower for both genders. Martinez-Gallego et al. (2021)
indicated that with the first serve both male and female teams tried to move the
receiver serving to the sides to take the initiative of the point, while with the second
serve they took lower risks and mainly served to the body. Furthermore, they con-
cluded that male partners were more effective than male partners, especially with the
first serve. On the other hand, Kocib et al. (2020) analysed the formations used by the
teams. As per the serving team, the most used formations were the classic and the “I”
formation. The two most used formations in the other teams were: both players at the
back of the court or the back/back combination, highlighting the use of the back/back
formation in the second serves compared to the formation of both players at the back
of the court.

Although the information provided by these studies is very relevant, it seems
necessary to further investigate the characteristics of the serve to understand the
aspects that determine its effectiveness in the doubles game. In this context, advances
in sports technology are allowing scientists as well as player support teams to record
large amounts of match data that provide sound data-based insights allowing deeper
understanding of the key performance indicators of the different disciplines. In
tennis, one of the most important advances in the evaluation of the technical and
tactical performance of tennis players has been the use of tracking systems and,
specifically, the analysis of data provided by the Hawk-Eye system (Martinez-
Gallego et al.,, 2021). The high level of precision and the large amount of data
recorded through this system offer a wide range of opportunities for research and
practice (Mecheri et al., 2016). Specifically, this system allows the tracking of coordi-
nates of the ball and the players during the points, so that variables that are of interest
for analysing the performance of players in specific actions can be studied with
greater depth and precision.
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In singles tennis, some studies have used the Hawk-Eye system to analyse and
demonstrate the importance of some spatiotemporal variables related to the serve, such
as serve speed and serve location (Mecheri et al., 2016; Whiteside & Reid, 2017).
However, other variables such as the hitting position, the ball trajectory time, or the
difference in speed before and after the bounce have not been studied in depth. As
mentioned above, these variables have been even less studied in doubles, in which only
one study use this system to analyse the serve location. Therefore, the aim of this study
was to analyse the differences in spatio-temporal characteristics such as speed, server
position, time from hit to bounce, loss of speed after bounce and efficiency of first
and second serves, depending on the side and its direction in professional men’s doubles
tennis using data provided by the Hawk-Eye system.

2. Methods
2.1, Data collection

Data in the present work were obtained through the Hawk-Eye system (Hawk-Eye
Innovations Ltd., , 2015) used during the competition. The Hawk-Eye system is cali-
brated before the competition by means of the actual coordinates of the court where it is
installed. It uses a total of 10 cameras recording at a frequency of 50—-60 Hz that track the
movement of the ball and players in four dimensions during points (Cartesian coordi-
nates and time). Independent tests have validated the accuracy and reliability of the
system, reporting an average error of 2.6 mm (Reid et al., 2016). Spatio-temporal vari-
ables such as the hitting position, the ball bounce position, the service speeds, and
velocities before and after the bounce were calculated from the data provided by the
system. Player consent for the use of the data during the competition was obtained as part
of the tournament agreement.

2.2, Data processing

A total of 29,419 services were analysed from 96 full men’s doubles matches played
during Davis Cup qualifier ties between 2010 and 2019. The match data were imported
into R Statistical Software (R Foundation for Statistical Computing, Vienna, Austria),
where the data were processed to obtain the variables of interest and subsequently
filtered, and outliers were removed. Means were calculated for each variable by match,
obtaining a total of 96 records for each variable, each corresponding to one of the
matches.

2.3. Data analysis
The variables analysed were the following:
2.3.1. Independent variables

e Type: first or second serve.

e Court side: side of the court from which the service occurs. Deuce (right) or
Advantage (left) side.
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¢ Direction: direction of the service (Figure 1).

2.3.2. Dependent variables
e Speed: average speed of the service.
Position: position of the server when serving.
Time: time from the impact to the bounce of the ball.
Loss of speed: loss of speed of the ball after the bounce.
Effectiveness: point won by the serving team without the serve having been returned
(Martinez-Gallego et al., 2021).

Firstly, a descriptive analysis was carried out and mean and standard deviation were
calculated. Assumptions of normality and homogeneity of variances were verified using
the Kolmogorov-Smirnov test and the Levene test. The Kruskal — Wallis test and post-
hoc pairwise comparison was used to identify differences in the dependent variables,
setting the significance level at p < 0.05. Effect size was calculated using eta-squared,
considering small (0.01-0.06), moderate (0.061-0.14) and large (>0.141) effects (Cohen,
2013).

3. Results
3.1. Spatio-temporal characteristics of the first serve

Table 1 shows the descriptive statistics of the kinematic variables as a function of the
direction of the serves. Regarding the first serve on the deuce side, it could be observed
that there were significant differences in the speed between the three directions (H(2) =

119.14; p<0.01; 42> = 0.41), being the serves played to the T the ones that presented
a higher speed (mean = 188.35 km-h!), followed by those played to the Body zone
(mean = 182.17 km-h!) and, finally, those played to the Wide zone were the slowest
serves (mean = 176.41 km-h"'). Regarding the Position, serves played to the T were hit

Figure 1. Serve directions.
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significantly closer to the centre of the court (mean = 1.56 m; H(2)=13.77; p<0.01; 4> =
0.04) than those played to the Body (mean = 1.70 m) and to the Wide zone (mean = 1.70
m). Regarding Time, significant differences were found between the three directions of
the serves (H(2)=178.31; p <0.01; u?>=0.62), with the serves played to the T showing
a lower value of Time (mean = 0.38 s), followed by the serves played to the Body zone
(mean = 0.40 s) and, finally, those played to the Wide zone were the serves that showed
a lower Time (mean = 0.43 s). In the variable Loss of Speed, no differences were found
between the serve directions (F =0.68; p=0.71; 4> =0.01).

Regarding the first serve on the advantage side, it could be observed that there were
significant differences in speed between the three directions (H(2)=21.25; p<0.01; u>=
0.07), being the serves played to the T the ones with the highest speed (mean = 186.25 km-
h™"), followed by those played to the Body zone (mean = 183.67 km-h'") and, finally, those
played to the Wide zone were the slowest serves (mean = 181.65 km-h'!). Regarding
Position, the serves played to the T were hit significantly closer to the centre of the court
(mean = 1.67 m; H(2) = 12.35; p <0.01; 4> = 0.04) than those played to the Body (mean =
1.82 m) and to the Wide zone (mean = 1.85 m). Regarding Time, significant differences were
found between the three directions of the serves (H(2) = 111.73; p <0.01; u?> = 0.39), with the
serves played to the T the ones showing a lower value of Time (mean = 0.39 s), followed by
the serves played to the Body zone (mean = 0.40 s) and, finally, those played to the Wide
zone were the serves that showed a lower Time (mean = 0.42 s). In the Loss of Speed variable,
no significant differences were observed between the three directions of the serves.

3.2. Spatio-temporal characteristics of the second serve

As per the second serve on the deuce side, the serves played to the Wide showed a higher
speed (mean = 158.98 km-h"'; H(2) =20.12; p < 0.01; u* = 0.06) than those played to the
Body (mean = 156.16 km-h") and to the T (mean = 154.70 km-h"'"). Regarding Position,
no significant differences were observed between the three directions of the serves.
Regarding Time, significant differences were found between the serves played to the
Wide and T zones (H(2) =9.66; p <0.01; u?>=0.03), being the serves played to the T the
ones that presented a lower value of Time (mean = 0.47 s) as compared to the serves
played to the T (mean = 0.48). In the Loss of Speed variable, no significant differences
were observed between the three directions.

Finally, significant differences in Speed between the three directions (H(2) =78.43; p <
0.01; 4> = 0.27) can be observed in the second serve on the advantage side, with the serves
played to the T showing the highest speed (mean = 162.15 km-h!), followed by those
played to the Body zone (mean = 154.35 km-h!) and, finally, those played to the Wide
zone were the slowest serves (mean = 151.40 km-h'!). Regarding the Position, serves
played to the T, were hit significantly closer to the centre of the court (mean=1. 90 m; H
(2)=54.28; p<0.01; 4> = 0.03) than those played Wide (mean=2.07 m) and to the Body
(mean = 2.10 m). As per Time, significant differences were found between the three
directions of the serves (H(2) = 145.08; p <0.01; u?>=0.51), with the serves played to the
T showing a lower value of Time (mean = 0.45 s), followed by the serves played to the
Body zone (mean = 0.48 s) and, finally, those played to the Wide zone were the serves that
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presented a higher Time (mean = 0.50 s). In the variable Loss of Speed, serves played to
the T lost more speed (mean =31.06; H(2) = 13.41; p < 0.01; 4> = 0.04) than serves played
to the Body zone (mean = 30.22) and serves played to the Wide zone (mean = 29.82).

3.3. Effectiveness of the first serve depending on direction

Figure 2 shows the effectiveness of the first serve on the deuce and the advantage sides, for
each of the directions. Regarding the first serves on the Deuce side, there was a lower
effectiveness when the serves were played to the Body (mean =29.95 %; H(2)=34.72; p <
0.01; u?> = 0.12), compared to the serves played to the T (mean = 38.45 %) and those
played to the Wide zone (mean = 40.71 %).

Similarly, on the advantage side, there was a lower effectiveness of serves played to the
Body (mean =28.27 %; H(2) = 40.16; p <0.01; u>= 0.13), with respect to those played to
the T (39.28 %) and to the Wide zones (37.54 %).

3.4. Effectiveness of the second serve depending on direction

Figure 3 shows the effectiveness of the second serve on the deuce and the advantage sides,
for each of the directions. As per the second serves on the deuce side, there was a higher
effectiveness of the serves played to the Wide zone (mean = 30.74 %; H(2) = 8.24; p < 0.05;
u’= 0.02), with respect to those played to the T (21.14 %). On the advantage side, no
significant differences were found (H(2) =4.28; p =0.12; u>*= 0.01).

4. Discussion

The results found have allowed to observe how the speed of the serve varied for each of
the directions, both on the first and second serves on both sides of the court. In all cases,
the fastest serves were those played to the T, while the slowest ones were those played to
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Figure 2. Differences in effectiveness of the first serve.
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Figure 3. Differences in effectiveness of the second serve.

the Wide zone, except for the second serves on the Deuce side, where the opposite
occurred. The serves to these two zones have a clear tactical intention, which is to try to
place the ball as far as possible from the receiver’s zone to make the return more difficult,
or to prevent the receiver from taking the initiative of the point (Martinez-Gallego et al.,
2021). However, the fact that the speed of the serves to the Wide zone is much lower is
directly related to the type of spin used to hit the serve. To serve to this zone, players tend
to use a slice serve, which opens up a greater angle but reduces the speed of the ball (Gillet
et al., 2009). In the case of second serves next to the Deuce side, it seems that players
increase the speed of the serve in order to surprise the opponent. Previous studies have
shown that this is the least used direction for second serves in doubles (Martinez-Gallego
etal., 2021), so serving to this area with a higher speed can be a good strategy that, as seen
in the results, increase the effectiveness of second serves.

As per the position of the servers, it could be observed that their position tended to be
closer to the centre when they played the serves to the T zone. Previous studies have
shown the importance of the angle of the trajectory of the ball with respect to the
receiver’s position (Whiteside & Reid, 2017), therefore, it seemed that players opted for
these positions closer to the centre of the court to obtain angles that placed the ball away
from the receiver’s position when serving to this area. However, previous studies that
have analysed the position of servers in the singles game have shown values considerably
closer to the centre of the court (Whiteside & Reid, 2017). This may be because the size of
the court in doubles is larger than in singles, which forces players to stand further away
from the centre of the court to be able to correctly cover the furthest areas of the court for
the next shot. This fact may also explain the reason why when servers play second serves
to the advantage side, they stand significantly further away from the centre than when
they serve to the body and the T. On the one hand, to hit the serve with a greater angle,
and on the other hand, to have a better position to cover the court in case the receiver can
attack the serve.
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As for the time from ball hit to bounce, in all situations, serves played to the T zone
showed the shortest time, and those played to the Wide zone showed the longest time.
These results seem quite logical considering that the distance travelled by the ball is
greater as the bounce occurs further away from the centre of the court (Mecheri et al.,
2016). In addition, as noted above, the speed of the serves played to the 7-zone is higher,
which also contributes to this reduction of time.

With respect to the loss of speed of the ball after the bounce, differences have only
been found in the second serves on the advantage side, where the serves played to the
T zone were the ones that lost the most speed. These differences in speed loss are
substantially smaller than the differences in service speed, so this variable might have
a low influence on service performance compared to service speed, which has been
shown to be a determinant variable (Vaverka et al., 2018).

Regarding the effectiveness of the first serves, on both sides, serves played to the Wide
and T zones were the most effective. These data coincide with those obtained in studies
that have analysed service effectiveness, both in singles (Mecheri et al., 2016; Whiteside &
Reid, 2017) and doubles (Martinez-Gallego et al., 2021). Therefore, as in the singles game,
playing the serves to the areas furthest away from the receiver’s position seems to be the
best strategy to increase the effectiveness of the serve. With respect to the second serves,
differences were only found on the deuce side, where serves played to the Wide zone were
more effective than those played to the T zone. As indicated above, this could be due to
the fact that players serve a lower percentage of serves to the Wide zone (Martinez-
Gallego et al., 2021) and with a higher speed, so that when they do so, they surprise the
opponent and win a greater number of points.

As it can be observed, the information provided in this study has clear practical
implications, both for the training and for the strategical and tactical preparation of matches.
When relating the results on serve effectiveness with the rest of the variables studied in the
doubles game, it can be noted that when players serve Wide, they try to obtain an advantage
by moving the receiver further away from the court, serving at a greater angle and using the
slice and topspin effects to a greater extent, except on second serves to the deuce side, where
they try to surprise the opponent by increasing the speed. On the other hand, when they
serve to the T zone, they try to reduce the receiver’s response time by positioning themselves
closer to the centre of the court, serving at a higher speed and mainly using a flat serve.
Knowing this data, coaches can be more specific when designing and conducting the tasks
and drills when working the service in doubles training sessions. In addition, the application
of this information to the characteristics of the players themselves and of the opposing
teams can help to better prepare the tactics to be used with the service in doubles matches.
Despite the new findings provided in our research, this study has also certain limitations.
Firstly, the analysis of the serve has been carried out in isolation, without considering its
relationship with subsequent actions. This could be an important aspect to consider for
further studies, as effective serves are not only those in which the serving team wins the
point directly with the serve, but also those in which the serve provides an advantage that
allows the point to be won in the following shots. In addition, it could also be interesting to
know how the serve influences the characteristics and performance of the return. Finally, it
could be of interest to apply this type of analysis not only to professional men’s doubles, but
also to professional women’s doubles, as well as to different categories such as collegiate,
junior, seniors, and recreational players.
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5. Conclusions

This article analyses the differences in the spatial-temporal characteristics of serves in
men’s professional doubles tennis according to their direction. The results found showed
that the fastest serves were those played to the T, while the slowest were those played to
the Wide zone. The serves played to the T were hit from positions closer to the centre of
the court, and the time from the impact to the bounce of the ball was shorter than in the
rest of the directions. The first serves played to the Wide and T zones were the most
effective, with no differences being found in the second serves. These data suggest that
when the players serve Wide, they try to obtain an advantage by moving the receiver to
positions further away from the court. On the other hand, when they serve to the T zone,
they try to reduce the receiver’s response time, positioning themselves closer to the centre
of the court and serving at a higher speed.
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Abstract: This study used a novel machine learning approach to uncover key serve variables that
maximize effectiveness in men’s professional doubles tennis. A large dataset of 14,146 serves from
97 Davis Cup doubles matches played between 2010 and 2019 was analyzed using explainable Al
techniques. The angle and distance from the bounce to the sidelines of the serves were found to best
distinguish the points won with aces from rallies lasting more than three strokes. Optimal serve angle
ranges of 5.7-8.7° substantially increased the probability of serving an ace by over 80%, compared
to around 30% when serving used more central angles. Lateral bounce distances of 0-28 cm from
the sidelines also boosted the ace probability by over 50%. The serve speed was shown to have less
influence on serve effectiveness as compared to singles tennis, with velocities above 187 km h™?
only increasing the probability of serving an ace by 10%. These findings have important practical
implications for the tactical decision-making and technical training of serves in men’s professional
doubles tennis. The data highlight that the angle and placement of serves are more important than
velocity for attaining effective serves in doubles. Coaches and players can use this knowledge to pay
special attention to the most important variables in the effectiveness of serves, such as the line distance
and angle, in order to maximize the performance of the doubles serve. The novel methodology used
in this study provides a valid and reliable way to calculate the efficiency of actions in various sport
disciplines using tracking data and machine learning approaches.

Keywords: racquet sports; tactics; performance analysis; sport analytics; tracking technology

1. Introduction

The serve has become the most decisive stroke in modern professional tennis, particu-
larly in the doubles game [1]. It has been shown to be a key shot for controlling the game
and even winning points directly through aces, thus being a critical technical and tactical
skill for success at the professional levels of the game [2,3].

Previous research has established that the serve provides a key advantage in profes-
sional tennis, and this effect is amplified in doubles matches. Servers demonstrate clear
dominance over returners in singles tennis, winning approximately 60% of points lasting
fewer than four strokes [4]. Moreover, serve metrics like the second serve points won
are among the strongest predictors of overall success [5,6]. The positional dynamics and
rules of doubles tennis further accentuate the serve’s impact, with data showing an even
greater serving advantage for doubles compared to singles, especially in short points [1,7,8].
Additional factors related to the surface speed [9] and team experience [10] also influence
professional doubles servers’ effectiveness. Apart from the heightened serve advantage
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in doubles, service tactics are also shaped by contextual information like the score and
the returner position, which influence players’ decision-making [11]. By leveraging such
situational data, servers can increase serve variety, target specific opponent weaknesses,
maintain consistency, and increase unpredictability [12]. Collectively, these findings under-
score the serve as a critically decisive stroke with major tactical and strategic implications
in high-level doubles tennis.

The introduction of tracking technology like Hawk-Eye in tennis has enabled access to
rich datasets, which researchers have utilized to predict game indicators and parameters
especially related to the serve [6,13]. For singles tennis, an analysis of serving patterns
shows accuracy measures are more impactful than speed [11]. For doubles, tracking data
reveals that the serving placement and direction strongly influence the effectiveness of and
anticipation by returners [14,15].

Machine learning techniques have also been applied in recent tennis literature leverag-
ing these large datasets [16]. Broad applications include the stroke classification [17], an au-
tomated recognition of movement patterns [18,19], evaluating player performance [20,21],
and modeling shot variety and effectiveness [22]. Significant attention has focused on
predicting serve characteristics and overall match outcomes. The different modeling ap-
proaches explored include regression, point-based comparisons, neural networks, random
forests, and ensemble methods [23-34].

In summary, ample research has investigated match prediction in tennis using diverse
machine learning techniques on increasing volumes of tracking data. However, doubles
tennis has received less specific focus, representing an open area for deeper investigation,
particularly around service analytics. Therefore, the aim of this study was to uncover
the variables associated with a greater serve effectiveness in men’s professional doubles
matches using a large dataset from Davis Cup doubles matches and machine learning
techniques. The results obtained highlight the angle and the distance of the bounce of the
ball from the line as the most important and decisive variables related to the effectiveness
of serves.

2. Materials and Methods
2.1. Sample

A total of 14,146 serves were analysed from 97 full men’s doubles matches played
during the Davis Cup (qualifying ties) between 2010 and 2019. Our study featured the
participation of 123 teams and 160 players from 34 different countries, with an average age
of 30.03 £ 4.73 years.

2.2. Instruments

The data utilized in this study were obtained from the Hawk-Eye system [35] deployed
during Davis Cup events. It consists of a group of ten cameras which are placed around the
circumference of the court and capture and record the trajectory of the ball and the players’
movement on the court [14]. The Hawk-Eye System is well-known for its high accuracy
and reliability in tracking and analyzing tennis matches. It is widely used in professional
tennis and has provided data for numerous research papers [6,11,14,15].

2.3. Procedure

A complete E2E Al pipeline was built to experiment with data processing and explain-
able artificial intelligence (XAI):

Experimental setup.

Data processing.

Training the deep learning model.

Feature importance algorithms.

Probabilistic and statistical analysis. Values selection based on maximizing the desired
effectiveness and minimizing the undesired one.

v W=
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6. Synthetic dataset generation, and simulation based on the predictions of this dataset
and an analysis of improvements in effectiveness.

2.3.1. Experimental Setup

The XAI process can be summarized in steps 2 to 6. A pipeline that included all xAI
processes from data processing to training the deep learning model was built to calculate
the feature, to select values, and to test the results on a synthetic dataset. The whole process
is summarized in Figure 1.

Pipeline Workflow architecture

Most important Variable Nnes N mans \

— Predictive model probabilities
e [ —
S Probabilistic
Deep NN Fenr and Statistical
Classification Importance
Inference
L

DATASET

/
\ N4

EDA & Data
Processing

RESULTS <‘;| <‘;‘  SIMULATED
INFERENCE SIMULATED
COMPARISON % [ DATASET 1 J

Figure 1. Pipeline workflow architecture.

2.3.2. Data Processing
Dataset

The dataset consisted of the following variables:
Independent variables:

¢  Courtside: Side of the court from where the serve is played. This variable was used to
divide the dataset and perform the analysis for each side of the court.
e  Effectiveness:

- Type 1: The point finishes with one shot.

- Type 2: The point finishes with two shots.
- Type 3: The point finishes with three shots.
- Type 4: The point finishes with four shots.

Dependent variables:

e Speed: Mean speed of the serve.

e  Position: Position of the server when hitting the serve (A in Figure 2).
¢ Time: Time between ball impact and ball bounce.

e  Speed loss: Loss of speed of the ball after its bounce.

¢ Impact Z: Height of the ball at impact.

e Net clearance: Height of the ball when passing over the net.

e  : Serve angle (Figure 2).

e B: Vertical projection angle.

¢ dL: Distance from ball bounce to the sideline of the service box
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Figure 2. Angle of the serve. &: Serve angle; A: Position of the server when hitting the serve; B: ball
direction; C: central point of the service box line.

EDA and Data Processing

After some exploratory data analysis (correlation matrices, boxplots, histograms,
kernel density estimation plots (KDE), etc.), the data were prepared to apply machine
learning classification algorithms. Some variables were not informative as their variance
was equal or close to 0. The main data processing steps were the following:

1.  Oversample the weak target samples to solve the dataset “class unbalancing” problems.

2.  Feature selection was conducted using a combination of tennis knowledge criteria
together with correlation analysis and feature selection algorithms.

3. Outliers were detected based on statistic methods and were filtered afterwards.

Furthermore, some features did not follow a simple normal distribution but a mixture
of gaussians. The collinearity issues between variables, which did not affect the model
performance but affected the interpretability of the results, were also solved. Thus, feature
importance was applied only with uncorrelated features. This process was conducted

separately for & and dL.

2.3.3. Training the Deep Learning Model

The dataset was divided into train (70%), validation (15%) and test (15%) before apply-
ing any data processing, keeping the test and validation subsets completely independent
from data leaks from the training process. The validation dataset was used to apply call-
backs such as early stopping, the model check pointer, etc. Cross-validation was used to
validate the model. For validation, the balanced accuracy score and the loss of each p were
monitored. For the final evaluation of the model, the accuracy and balanced accuracy (as
well as F1 score, precision and recall) on the test subset were calculated.

AutoGluon v0.5.2 and FastAl v2.5.6 were utilized in this study for this purpose. Auto-
Gluon presents commendable tools for explanation and automated feature enhancement.
However, it exhibited a lack of the flexibility required for this research, as certain outcomes
were inconsistent. Consequently, it was decided to employ FastAl for the analysis of
tabular data.

The implementation of AutoGluon was straightforward, as this tool undertakes the
preprocessing of the dataset, trains multiple models, selects the optimal one, assesses
feature importance, and employs various XAI algorithms to deliver global explanations for
the models.

On the other hand, FastAl is a tool that offers functionalities complimentary to those
of PyTorch and AutoGluon. It provides certain data processing functionalities while facili-
tating the fine-tuning training process. Although it demands a greater degree of software
development, it offers advantageous high-level flexibility options. These include the ability
to select the number of hidden layers, determine the loss function, and automate the training
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process, commonly known as “babysitting”, through the application of beneficial callbacks
such as a state-of-the-art learning rate finder, early stopping, and model checkpointing.
The backbone architecture for the deep learning model and the loss function included
in the following steps are the following:
Backbone Network: A tabular model with 5 layers of feature size: 256, 128, 128, 128,
64. The basic layer block (named LinBnDrop) is formed by the following transformations:

e Linear Layer (torch.nn.linear);
¢ Rectified Linear Unit—ReLU (torch.nn.relu);
e  Batch Normalization—BatchNorm1d (torch.nn.BatchNorm1d).

The determination of the optimal number of layers and feature size were driven by
experimentation. A standard backbone for tabular data was initially employed in the
investigation. For the dataset under consideration, it was observed that a shallow deep
neural network (DNN) possessed an adequate capacity to extract relevant patterns. The
introduction of additional layers resulted in overfitting the model, whereas a reduction in
the number of layers led to underfitting. Similar considerations were applied to feature
sizes, commencing with a standard size and subsequently adjusting them iteratively until
the size yielding optimal performance on the dataset was identified.

Loss function: Focal loss flat [36]. The focal loss works especially well with imbalanced
data as it adapts its weights to focus learning on hard misclassified examples. The primary
rationale behind its utilization stems from the presence of imbalanced classes in the dataset.
Additionally, an exploration of the flat cross entropy loss was conducted, revealing a
comparable performance to the focal loss. However, it was observed that the flat cross
entropy loss exhibited a slightly diminished robustness in addressing class imbalances
when compared to the focal loss on our dataset.

Optimization algorithm: The Adam optimization method [37] was employed in this
study. Adam is characterized as an adaptive learning rate optimization algorithm, with
its principal hyperparameters being the learning rate and momentum. The rationale
behind incorporating momentum in conjunction with re-scaling lacks clear theoretical
motivation. Nevertheless, Adam is widely acknowledged for its robustness across a range
of hyperparameter choices.

Callbacks: Several callbacks were implemented to enhance training performance in
this study. Early stopping was employed to halt training when the model ceased to exhibit
improvement over the last epochs. The model checkpoint callback was also utilized to create
copies of the model at specific intervals during training. This allowed for the subsequent
selection of the best-performing model among the saved copies.

2.3.4. Feature Importance Algorithms for Feature Explanation

Feature importance algorithms were used to select the variables that have a higher
impact on the outcome of the models. Feature permutation importance and SHAP summary
plots are the two algorithms commonly accepted in the scientific community [38,39].

Feature permutation importance [39] is based on repeated permutations of the outcome
vector to estimate the distribution of measured importance for each variable in a non-
informative setting.

SHAP assigns each feature an importance value for a particular prediction [40]. SHAP
values attribute to each feature the change in the expected model prediction when condi-
tioning on that feature.

2.3.5. Probabilistic and Statistical Analysis: Values Selection Based on Maximizing the
Desired Effectiveness and Minimizing the Undesired One

Shapley values and its variants are adequate “local model-agnostic methods”, which
provide interesting insights of a single prediction. Global explanation methods can help un-
derstand the model through visualizations and explanations of the final model weights [40].
As the aim of the study was to understand how to maximize the serve effectiveness (how
and why specific values of the selected features affect the predicted target variables), the
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goal was to calculate which values threshold of the selected features maximize the likeli-
hood of effectiveness type 1 and minimize the likelihood of effectiveness type 4. For this
purpose, a novel semiautomated algorithm based on classical statistics was developed. The
first steps of this process were the following:

e  First, a smooth probability distribution of the data using the kernel density estimation
algorithm (KDE), together with statistical estimators, was calculated for each selected
feature. The estimators were mainly the mean, the MLE, and percentiles 5 and 95 for
each type of effectiveness.

¢  Then, the values were mostly identified by selecting the area of the plot which com-
bined a higher density of the points with the desired result (type 1) and a lower density
of the undesired result (type 4). The statistical estimators also helped to understand
the probability distribution.

2.3.6. Synthetic Dataset Generation and Simulation Based on the Predictions on the Dataset
and Analysis of Improvements in Effectiveness

In the final step, a synthetic dataset using the selected values was generated, and the
prediction was simulated. Since the model reached 93% f1-score, the predictions were
reliable, at least for this specific dataset. By doing this, the approach was validated, and
values could be adjusted to improve the rate of effectiveness. The next steps in the process
were the following:

¢  The values outside the desired selected threshold were substituted by random values
inside it and, therefore, a synthetic dataset was generated.

e  Then, predictions on the whole dataset were performed using the deep learning model
previously trained. Then, the final rates of Efl and Ef4 were calculated.

It is important to comment that the synthetic dataset assumes a role in the validation
of the explanatory algorithm. Following the application of “feature importance” algorithms
to identify the most significant variables, an assessment is conducted to determine values
that contribute to increased efficiency, relying on insights derived from probability density
plots. The values selected are oriented towards maximizing the probability of efficiency 1
within the confines of the real dataset.

To validate this optimization, the original dataset undergoes modification, wherein
the values of each variable are adjusted in accordance with the proposed recommendations.
Specifically, the dataset is ‘clipped’, entailing the substitution of values outside the estab-
lished range limits with randomly generated values falling within the recommended limits.
Subsequently, the trained model is employed to generate new predictions on this adjusted
dataset. This methodology serves to validate the potential impact on efficiency, providing
insights into how the metric might evolve when utilizing the recommended values for the
selected variables.

Also, it should be noted that the most relevant part is the one described in step 2,
where the threshold values for each variable were selected. Steps 3 and 4 also helped with
the validation and fine-tuning of the selection but were mainly an evaluation of the final
results to quantify the success of the process.

To efficiently perform multiple experimentation scenarios, all the processes were
automated, except one aspect of the second step, in which the areas that maximize and
minimize the target variable in the desired way were selected.

3. Results
3.1. Training of a Deep Neural Network

Table 1 displays the testing data metrics of the dataset for different types of effec-
tiveness. As it can be observed, the model achieved high performance metrics for the
dataset of type 1 and of type 4, which were f1-score 0.95 and 0.94 for each class. The overall
classification accuracy of the evaluation test set was 0.94. Therefore, this model, which
serves as the basis for the other algorithms, has been shown to be reliable for defining the
characteristics of the serve when points end in an ace and those that last four or more shots.
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Table 1. Sklearn classification report type 1 vs. type 4—deuce and advantage.

Effectiveness  Precision Recall F1-Score = Macro Average = Weighted Average
Type 1 0.91 0.99 0.95 0.95 0.94
Type 4 0.99 0.89 0.94 0.95 0.94

3.2. Calculation of the Most Relevant Variables

Once the reliability of the model in distinguishing between points that end with an ace
and points that last for four or more strokes was established, the next step was to calculate
the serve variables that had the greatest relevance for each type of effectiveness. Figures 3-5
depict the mean SHAP values, which indicate the average impact on the model outputs
for each variable on the deuce and advantage sides, respectively. As it can be observed,
the results of the most important variables were very similar for both sides. Regardless
of the serving side, the variables that had the most relevance in the model were & and
dL. Additionally, “Speed” was the other variable that had significant importance in the
developed model.

Speed (Kmh™)

dL (m)

Serve angle (deg)
Loss of speed (Kmh™?)
Net clearance (m)

Vertical projection angle (deg)

Position (m)
Direction (W, B, T) - B Effectiveness of type 1
W Effectiveness of type 4
0.0 05 10 15 20 25 30 35

mean(|SHAP value|) (average impact on model output magnitude)

Figure 3. Effectiveness of type 1 vs. type 4 in the DEUCE side.

Speed (Kmh™1)

dL (m)

Serve angle (deg)

Loss of speed (Kmh™?)

Net clearance (m)
Vertical projection angle (deg)
Position (m)

Direction (W, B, T)

I Effectiveness of type 1
M Effectiveness of type 4

0.0 05 10 15 20 25
mean(|SHAP value|) (average impact on model output magnitude)

Figure 4. Effectiveness of type 1 vs. type 4 in the ADVANTAGE side.

The mean SHAP values show the average impact on the model outputs for each
variable. The results of the most important variables were very similar for the deuce and

advantage sides. After separating highly correlated variables (& and dL) the SHAP values
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summary, it was shown that in both cases, ® and dL were the most important variables.
The algorithm showed that the Speed is the next most important variable for the model.

Speed (Kmh~1)

dL (m)

Serve angle (deg)

Loss of speed (Kmh™?)
Net clearance (m)
Vertical projection angle (deg)

Position (m)

Direction (W, B, T) B Effectiveness of type 1

mmm Effectiveness of type 4

0.0 02 0.4 0.6 0.8 10 12 14
mean(|SHAP value|) (average impact on model output magnitude)

Figure 5. Effectiveness of type 1 vs. type 4 in BOTH sides.

3.3. Values That Maximize the Effectiveness of Type 1 (and Minimize the Effectiveness of Type 4):
That Is, Recommended Values

Table 2 shows the distributions of the variables dL, 8, and Speed of the serves for points
ending with an ace or with more than three shots for both sides of the court. Regarding
dL, aces showed a similar distribution on both sides of the court. However, the serves for
points with four or more shots showed significant differences in the distribution of their
population. It can be observed that on the advantage side, a greater number of serves with
higher values of dL were found.

Table 2. Descriptive values of the variables.

dL Serve Angle Speed
. Population MaxLike Percentils MaxLike Percentils MaxLike Percentils
Effectiveness (%) (m) (m) Mean SD (deg) (deg) Mean SD (km h-1) (deg) Mean SD

Type 1 9.68 0.19 0.04-1.41 041 0.41 5.78 2.04-7.78 5.76 1.52 179.86 159.01-210.86 185.72 16.85
DEUCE Type 2 25.15 0.63 0.21-1.93 0.95 0.54 492 0.87-6.31 371 176 186.24 160.89-205.72 184.20 14.15
SIDE Type 3 19.58 0.59 0.22-1.97 1.02 0.57 437 0.76-6.19 3.44 1.77 184.82 159.01-204.54 183.13 14.31
Type 4 35.54 0.77 0.28-1.93 1.05 0.52 4.67 0.86-6.13 345 1.70 180.57 156.56-202.56 180.39 14.32
Type 1 9.17 0.18 0.03-1.4 0.40 0.42 5.85 2.11-7.51 5.62 143 19391 162.58-211.39 189.23 16.44
ADVANTAGE Type 2 24.34 0.52 0.18-1.95 0.99 0.57 5.06 0.84-6.32 3.66 1.78 189.45 155.56-206.65 185.25 14.67
SIDE Type 3 19.03 0.49 0.19-1.97 1.00 0.59 4.79 0.77-6.42 3.69 1.85 186.48 155.56-204.71 183.03 15.26
Type 4 37.33 0.78 0.27-1.95 1.07 0.54 4.56 0.86-6.04 3.46 1.67 187.22 153.23-203.38 181.26 15.37
Type 1 9.46 0.18 0.03-1.41 0.40 0.41 5.79 2.08-7.69 5.70 147 19391 160.65-211.20 187.32 16.75
BOTH Type 2 24.78 0.61 0.19-1.94 097 0.58 5.05 0.84-6.32 3.69 1.77 187.22 160.26-206.36 184.68 14.40
SIDES Type 3 19.34 0.52 0.2-1.97 1.01 0.58 4.59 0.77-6.25 3.56 1.81 185.73 157.61-204.66 183.08 14.76
Type 4 36.38 0.76 0.28-1.95 1.06 0.53 4.63 0.86-6.08 3.46 1.69 187.22 155.33-202.94 180.81 14.76

Regarding 9, the distribution of serves where the point lasted more than three strokes
was similar on both sides of the court. However, it can be observed that aces have a wider
range on the deuce side compared to the advantage side which indicates that, on the deuce
side, larger angles would maximize the probability of achieving an ace to a greater extent
than on the advantage side.

Regarding Speed, again, the distribution of serves where the point lasted more than
three strokes was similar on both sides of the court. However, the recommended values to
maximize the probability of serving an ace were slightly lower on the deuce side than on
the advantage side.

The recommended values to maximize the probability of serving an ace would be
somewhat lower for the deuce than for the advance side. For the other efficiencies, no
significant differences were found.
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3.4. Generation of a Dataset Substituting Original Values for Recommended Values of the Variable in
Question and Prediction of Efficiencies (the Model Trained in Point 1 Was Used to Make the Predictions)

Using the variables associated with the population density graphs, a statistical estima-
tion was performed on the values that would, a priori, maximize the probability of serving
an ace and minimize the probability of the point lasting four or more strokes. Table 3 shows
the results of the predictions using the trained model described earlier and the synthetic
dataset, which resulted from replacing values that fell outside the recommended range with
random values within the recommended range. As can be observed, dL values between 0
and 0.28 m increase the probability of achieving an ace to values close to 90%. Similarly, &
values between 5.7° and 8.7° increase the possibility of achieving an ace to values above
80%. On the other hand, Speed values between 187 and 220 km h™! only increase the
probability of achieving an ace by approximately 40-45%.

Table 3. Results of the predictions using the trained model.

Variable Side Values (Min-Max) Effectiveness before (%) Effectiveness after (%)

DEUCE 33.05 83.40

dL (m) AD 0-0.28 30.64 81.26
BOTH 33.49 88.48

DEUCE 33.70 88.68

Serve angle (deg) AD 5.7-8.7 29.77 88.21
BOTH 33.25 89.04

DEUCE 35.17 45.75

Speed (km h™1) AD 187-220 34.36 4413
BOTH 30.38 39.91

4. Discussion

Using a novel methodological proposal, this study sought to identify which character-
istics of serves determine their efficiency in men’s professional doubles tennis. The results
showed that the characteristics of the serves in which the point ended in two, three or more
shots were very similar. However, it was possible to identify different characteristics for
the aces, compared to those in which the point lasted more than three shots. Therefore,
these results allow us to establish the variables and values which are associated with a
higher probability of serving an ace in men’s professional doubles tennis. In addition,
the methodology used has been shown to be a novel, valid and reliable way that can be
replicated for the calculation of the efficiency of actions in different sports disciplines.

The results have shown that the service angle is one of the variables that best deter-
mines the probability of serving an ace in men’s professional doubles tennis. These results
are consistent with a previous study of the serve in singles tennis, which indicated that if the
serve angle was less than 5.88° the serve will be returned with a probability of 92.52% [11].
In doubles tennis, according to the data obtained in the present study, an angle of between
5.7° and 8.7° theoretically increases the probability of serving an ace from 29.77% to 88.21%
on the advantage side and from 33.70% to 88.68% on the deuce side. These results support
those obtained by previous studies, where Whiteside and Reid [11] reported that there is
a higher probability of getting an ace when the serve is played wide than to the T zone,
with probabilities of 42% on the advantage side and 52% on the deuce side. Wide serves
generate a greater angle than those played to the T, so it is logical, according to the data
obtained, that they are also more effective. Furthermore, from a technical point of view,
and specifically related to the different types of serve spin used, it has been shown that
players use the slice serve to generate a greater serve angle on the deuce side, whereas they
opt for flat or topspin serves for a greater angle when serving to the T on the advantage
side [6,19,41].

Another of the variables found to have a greater relevance in determining the prob-
ability of serving an ace has been the distance from the bounce of the ball to the sideline
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of the service box. This reinforces the idea that one of the main objectives of the server is
to gain an advantage over the receiver, trying to get the ball as far away from the receiver
as possible [6,14,15]. Whiteside and Reid [11] determined that in 77.53% of cases, if the
distance to the line was less than 15.27 cm and, in addition, the serve angle was greater
than or equal to 5.88°, the serve would be an ace. In the case of men’s professional doubles
tennis, in this study, it has been shown that, if the serve distance is between 0 and 28 cm, the
probability of a serve being an ace would increase from 30.64% to 81.26% on the advantage
side and from 33.05% to 83.40% on the deuce side.

The results on the importance of the angle of the serve and the distance of the bounce of
the ball to the line also support what has been found in previous studies on the professional
doubles game. According to Vives et al. [14], players try to take the initiative of the point
by moving the receiver out of the court, both on the advantage and deuce sides. This study
reported a high efficiency of the serve when players serve wide on both sides of the court,
with values of 40.71% on the deuce side and 37.54% on the advantage side. Similarly, the
percentages of the effectiveness of serves to the T were considerably high, with values of
38.45% and 39.28%, respectively. The information provided in this study regarding the
most important variables and the values that maximize the probabilities of direct serves
could be very valuable for coaches and players in order to further increase the effectiveness
of this type of service.

In singles, the serve speed has been shown to be one of the most important variables
when serving an ace. Previous studies have reported that the probability of serving an ace
if the serve speed is greater than 198 km h™! is 58.68% [11]. However, the data obtained in
our study show that the serve speed is less important in doubles tennis. Thus, it was found
that once 187 km h™! is exceeded, the probability of serving an ace would only increase by
about 10%, regardless of the side of the serve.

Therefore, considering the results from this study and the values found for the most
important variables that determine the execution of serving an ace, it can be stated that,
although speed is an important variable, very high speeds do not considerably increase the
probability of winning the point directly with the serve. However, the angle of the serve
and the bounce of the ball close to the sidelines do significantly increase the probability of
serving an ace.

The primary advantages of this method lie in its capacity for variable explainability.
Feature importance scores are computed not only to discern the most pivotal variables,
but also to propose optimal value ranges for these variables to maximize efficiency. It
is crucial to note, however, that this process is not readily automated and necessitates
human intervention for analysis. A future direction is proposed, aiming to establish
mathematical foundations to formulate the selection of value ranges for selected variables
that maximize the probability of the desired variable. Furthermore, noteworthy correlations
between variables, indicative of collinearity, were identified in the study. Although these
correlations did not adversely impact model prediction performance, they significantly
influenced feature importance algorithms. Moving forward, addressing such collinearity
could be pivotal for more refined analyses.

On the other hand, the exclusivity of the dataset to Davis Cup hard court matches
introduces a limitation to the generalizability of the findings, precluding straightforward
extrapolations for all tennis surfaces, levels and genders. While augmenting the dataset
with diverse surfaces, levels and genders could enhance the dataset variance, it concurrently
poses challenges in deriving specific and universally applicable conclusions. Furthermore,
the study underscores the prominence of a player’s playing style over physical attributes
concerning the maximization of serve efficiency. For future endeavors, an exploration of
player grouping based on similar characteristics, facilitated by clustering algorithms, could
be pursued to train distinct models for each group.

These results have very relevant practical implications related to the training regime
for serve practices in men’s professional doubles. From a tactical perspective, the insights
found in this study can assist tennis players in their decision-making to maximize their
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serve advantage. In addition, technically, physically, and mentally, it is also important to
prepare doubles tennis players for efficient serve executions with respect to the values of
the indicated variables. Therefore, the effective application of the values found for variables
such as the serve angle, distance to the line, or speed will determine the design of specific
training tasks and help define specific patterns of play [11,14].

5. Conclusions

In this study, key characteristics for a direct serve in men’s professional doubles
tennis were identified. The angle of the serve was found to be a crucial variable, while
the distance from the ball bounce to the sideline was also relevant. These findings are
consistent with previous research on doubles tennis. It was observed that an optimal serve
angle between 5.7° and 8.7° significantly increased the probability of a direct serve. In
addition, maintaining a distance from the ball bounce to the sideline between 0 and 28 cm
increased the probability of success. The speed of the serve in doubles tennis showed less
influence compared to singles tennis.

The novel methodology employed here utilizing tracking data and explainable Al
techniques provides a valid and reliable way to model service efficiency in tennis. The
major contribution of this work is the extraction of specific parameter values to optimize
the doubles serve through data-driven analytics. From a practical perspective, the serve
angle and placement recommendations offer directly implementable guidelines for players
and coaches. Technically, physically and mentally targeting these service metrics should
become integral in training programs and match tactics.

This research focused exclusively on elite men’s hard court doubles matches, so an
area for future investigation is expanding dataset diversity to include different surfaces,
levels and genders. Furthermore, grouping players by style and developing individualized
models could provide more tailored strategic recommendations. The advanced analysis
framework presented can be extended to other facets of tennis performance or different
sports relying on spatiotemporal tracking data. As machine learning approaches, wearable
sensors and tracking tools continue to proliferate in sports, ample opportunities exist to
generate actionable intelligence maximizing success.
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Estrategia de servicio en el tenis profesional de dobles femenino - una perspectiva basada en datos

Serve strategy in professional women's doubles tennis - a data-driven perspective
*Fernando Vives, **Javier Lazaro, *José Francisco Guzman, ***Miguel Crespo, *Rafael Martinez-Gallego
*Universidad de Valencia (Espafia), ** Independent researcher, ***International Tennis Federation (UK)

Abstract. This study aimed to identify the key variables that influence the effectiveness of the first serve in women’s doubles matches
using a deep learning training model. A total of 4939 first serves by 145 players from Billie Jean King Cup matches were classified
according to their effectiveness. Data from the Hawk-Eye system were filtered and processed to obtain descriptive statistics of the
spatio-temporal predictor variables and then to calculate the most important variables for first serve effectiveness. The angle of the
serve as the feature that gained more relevance, along with the speed and distance from the bounce to the sidelines, regardless of the
side from which the serve was made. The training model showed novel results, identifying that the values of the serve angle between
5.5°-8.7° increased the effectiveness from 22.2% to 48.5% on the Deuce side and from 17.3% to 45.7% on the Advantage side. These
findings align with existing research on men's professional tennis singles and offer valuable insights into strategic and coaching ap-
proaches. The insights gathered from this study are poised to enhance training methodologies and match-day strategies, providing a
strategic edge in serve selection during competitive play.

Keywords: racquet sports, machine learning, strategy, sport analytics, serve

Resumen. Este estudio tuvo como objetivo identificar las variables més determinantes que influyen en la efectividad del primer ser-
vicio en los partidos de dobles femenino utilizando un modelo de entrenamiento de aprendizaje profundo. Se clasificaron 4939 primeros
servicios de 145 jugadoras segun su efectividad, pertenecientes a partidos de la Copa Billie Jean King. Los datos del sistema de Ojo de
Halcon fueron filtrados y procesados para obtener estadisticas descriptivas de las variables predictoras espacio-temporales y, posterior-
mente, se calcularon las variables més importantes para la efectividad del primer servicio. El angulo del servicio fue la caracteristica
que obtuvo una mayor relevancia, junto con la velocidad y la distancia desde el bote de la pelota hasta las lineas laterales, independien-
temente del lado donde se ejecuto el servicio. El modelo de entrenamiento mostrd que los valores del angulo de servicio entre 5.5°-

8.7° incrementaban la efectividad, pasando del 22.2% al 48.5% en el lado del Iguales, y del 17.3% al 45.7% en el lado de la Ventaja.
Estos resultados no solo se alinean con la investigacion existente sobre el tenis profesional masculino tanto en la disciplina individual
como la de dobles, sino que también ofrecen una valiosa orientacion tactica y de entrenamiento. La informacion obtenida en este
estudio esta destinada a mejorar las metodologias de entrenamiento y las estrategias en el propio partido, proporcionando una ventaja

estratégica en la seleccion del servicio durante la competicion.

Palabras clave: deportes de raqueta, aprendizaje automatico, estrategia, analisis deportivo, servicio
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Introduction

Tennis is an open skill sport in which, from a strategy
perspective, players make tactical decisions based on their
strengths and weaknesses, as well as those of their oppo-
nents. Additionally, other contextual variables, such as
playing surface, type of balls, temperature, humidity or al-
titude, also significantly influence player performance (Fitz-
patrick et al., 2019; Vaverka et al., 2018). In the quest to
understand the critical factors that influence success in ten-
nis, numerous studies have analysed players' match statistics
(Crespo et al., 2015; Duran et al., 2022), as well as key
performance indicators in junior and professional tennis
players in different game situations (Jindo et al., 2022; Fil-
ipcic et al., 2021) and different types of playing surfaces
(Fitzpatrick et al., 2019; Vaverka et al., 2018).

Similarly, an obvious lack of research can be observed in
women’s doubles, despite its relevance in team competi-
tions such as the Billie Jean King Cup (BJKC). The BJKC,
formerly known as the Fed Cup until 2020, is the most im-
portant global competition played by 110 national teams
annually, which is the tennis World Cup for women. Cre-
ated in 1963 by the ITF, it is the equivalent for women of
the Davis Cup (BJKC, 2023). As aforementioned, research
on this competition is substantially less common than in the

men’s events.

The serve is one of the key performance aspects in ten-
nis, as it is a fundamental skill that plays a crucial role in the
match outcome (Filipcic et al. 2015; Grambow et al. 2022).
In fact, points won with the second serve and points won
with the return of the second serve have been identified by
authors such as Reid, McMurtrie and Crespo (2010) as the
most relevant variables of the game. In addition, it has been
shown that players tend to improve their serving statistics
as a tournament progress (Grambow et al., 2020). Also,
players with a more effective serve achieve a higher per-
centage of points won on the second serve, show better per-
formance in break point situations, and win more points
and games when serving (Infantes et al., 2019). These find-
ings highlight the importance of the serve in overall player
performance.

Despite being the most decisive stroke in tennis today,
the scarcity of studies dedicated to the serve in the women's
game is evident (Sanchez-Pay et al., 2022). It has been
demonstrated that both serving and returning are crucial el-
ements in competition (Stanescu, 2016; Abidin & Ruslan,
2020). Furthermore, these elements significantly influence
successive shots (Born, 2021). Authors such as Grambow et
al. (2021), it is recommended that players prioritize the in-
crease in the percentage of games and points won on serve,

- 128 -


Fernando Vives 
- 128 -


2024, Retos, 60, 955-962

© Copyright: Federacion Espariola de Asociaciones de Docentes de Educacion Fisica (FEADEF) ISSN: Edicion impresa: 1579-1726. Edicion Web: 1988-2041 (https://recyt.fecyt.es/index.php/retos/index)

as well as perfecting aces to improve serving effectiveness.
Other authors have explored biomechanical aspects
(Whiteside et al., 2015) the kinematics of the first serve at
different stages of training (Whiteside et al., 2013) or the
relationship between serve speed and anthropometric pa-
rameters, ball impact and landing location (Baiget et al.,
2023). Furthermore, studies have also analyzed how play-
ers' ranking can influence their performance (Sanchez-Al-
caraz, 2018; Kovalchik et al., 2017)).

As per the serve in the doubles game, it has received
considerably less attention from researchers than that of the
singles. When comparing the serve efficiency between male
and female professional players Carboch & Kocib (2016)
concluded that men won around 10% serve points more
than women, and that to win a match they also needed to
win more serve points than women. Kocib et al. (2020) tac-
tically analysed the formations of serving and returning
teams, and Avkhimovich (2023) investigated the order of
servers in doubles and how this affects who should serve
first. Martinez-Gallego et al. (2021c) demystified popular
serving beliefs in doubles, concluding that the serving
team's advantage is most notable on points of up to four
shots, especially with new balls on clay, although this ad-
vantage diminishes on break points. Lastly, a study of Davis
Cup doubles matches revealed that the effectiveness of the
serve in doubles depends more on the angle and placement
than on the speed of the serve (Vives et al., 2023).

In this context, other studies have focused on gender
differences in the volley game in doubles, highlighting cer-
tain court coverage differences between men and women
(Martinez-Gallego et al, 2021b), or the activity profile of
players on different surfaces in doubles Grand Slam
matches, resulting in short and intense points with a pre-
dominance of net play (Borderias et al., 2021). Finally, Bor-
derias et al. (2023) analysed structural variables and the
completion of points in women’s doubles, concluding that
taking the initiative and being aggressive in the game is ben-
eficial for the point outcome.

From a technological perspective in terms of the tools
used for match analysis, the use of tracking technologies in
tennis, such as the Hawk-Eye (HE), has allowed different
studies to use a large amount of data for the analysis of the
singles game performance indicators. The serve has been
analyzed in a myriad of studies (Loffing, 2009; Rioult et al.,
2015; Wei et al., 2015; Mecheri, 2016; Whiteside and
Reid (2017). For instance, Fitzpatrick et al. (2023) ex-
plored the different serve and return strategies used by male
and female players at Wimbledon. Other studies have also
investigated the different movement parameters, changes of
direction and hitting dynamics of male and female players
during matches (Wei et al., 2013; Reid and Duffield, 2014;
Reid et al., 2016; Giles et al., 2020; Brandon et al., 2021;
Wei etal., 2013; Meurs et al., 2021).

In doubles, HE data has been used to analyse how serve
direction varies with server position. Vives et al. (2021)
found that server position was a key factor in the direction
of the first and second serves, affecting both serve efficiency

and return anticipation. The differences in the characteris-
tics of the serve in men’s and women’s doubles tennis have
also been analysed in terms of its effectiveness and the di-
rections used, and Martinez-Gallego et al. (2021a) con-
cluded that men’s teams are more effective than women’s,
especially in serves directed to areas far from the center of
the serve box.

Despite the recognized importance of the serve in tennis
and the numerous studies that have examined its various as-
pects in singles and the men’s game, there is a significant
lack of research specifically focused on women’s doubles,
particularly in high-level competitions such as the Billie Jean
King Cup (BJKC). This gap in the scientific literature high-
lights the necessity for research that utilizes current tech-
nologies and analytical methods to explore serve dynamics
and strategies in this discipline. Accordingly, this study aims
to address this gap by identifying and analyzing the key var-
iables that influence the effectiveness of the first serve in
BJKC women’s doubles matches.

Methods

Sample

A total of 4939 first serves was analysed from 65
women’s doubles matches played during BJKC qualifying
ties between 2011 and 2019. Our study featured the par-
ticipation of 107 teams and 145 players from 23 different
countries, with an average age of 25.81 + 4.74 years.

Process

The data used in this study was obtained using the HE
tracking system (Hawk-Eye Innovations Ltd., 2015). The
HE tracking technology has passed rigorous ITF tests that
have validated the accuracy and reliability of the system. A
system of synchronized cameras is used to track the move-
ment of the ball in real time. Each camera captures the po-
sition of the ball in its own plane. By knowing the position
and orientation of each camera, the 3D position of the ball
can be estimated by intersecting the trajectories defined by
the cameras. This allows the three-dimensional coordinates
of the ball to be determined accurately in space (Singh Bal
& Dureja, 2012; Reid et al., 2016).

After acquiring data from the HE system, a template
was developed using Microsoft Excel version 16.16.7 (Mi-
crosoft, Redmond, USA) to facilitate data processing and
the calculation of targeted variables.

Target variables
The variables derived and analyzed in this study were:

®  Court side: Side of the court from where the serve
is played. This variable was used to divide the dataset and
perform the analysis for each side of the court.

®  Effectiveness:
- Type 1: The point finishes with one shot.
- Type 2: The point finishes with two shots.
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- Type 3: The point finishes with three shots.

- Type 4: The point finishes with four or more
shots.

Input features

®  Speed: Mean speed of the serve.

®  Position: Position of the server when hitting the

®  Time: Time between ball impact and ball bounce.

®  Speed loss: Loss of speed of the ball after its
bounce.

®  Impact Z: Height of the ball at impact.

®  Net clearance: Height of the ball when passing
over the net.

®  d: Serve angle.
®  b: Vertical projection angle.

® dL: Distance from ball bounce to the sideline of
the serve box.

®  Direction: Wide (W), Body (B) and T (Figure 1).

Figure 1. Serve direction

Data analysis

The Machine Learning methodology used in this study
was used and validated in a previous study by Vives et al.
(2023), using the following steps:

Predictive model: Training the deep learning model

This study compared AutoGluon and FastAl for tabular
data analysis. Although AutoGluon offers outstanding tools,
its lack of flexibility leading to the choice of FastAl. The
implementation of AutoGluon was straightforward, while
FastAl required more development, but provided flexibil-
ity.

A tabular model with 5 layers of feature size [256, 128,
128, 128, 128, 64] and LinBnDrop basic blocks were used.
The loss function was Focal Loss Flat, and the Adam opti-
mization algorithm (Kingma & Ba, 2015) was used. This
work contributes to the understanding of tools for tabular
data analysis.

Feature importance: Most important variable
The Feature Permutation Importance methodology

emerges as a robust tool, facilitating the identification of
features with predictive capability, irrespective of the em-
ployed model. This approach provides a valuable perspec-
tive for assessing the individual contribution of variables
within the broader analytical framework (Kuhn & Johnson,
2013).

Feature importance algorithms were employed to iden-
tify variables with a substantial impact a predictive model,
indicating the relative significance of each feature in making
predictions. It is based on repeated permutations of the out-
come vector to estimate the distribution of measured im-
portance for each variable in a non-informative setting
(Rajbahadur et al., 2022).

Probabilistic and statistical analysis: Values that maximize the
probabilities

In the context of a study focused on maximizing serve
effectiveness and understanding the impact of selected fea-
tures on predicted target variables, a novel semi-automated
algorithm based on classical statistics was developed.

The initial steps involved calculating a smooth probabil-
ity distribution using the Kernel Density Estimation algo-
rithm for each selected feature, along with statistical esti-
mators such as Mean, Maximum Likelihood Estimation
(MLE), and percentiles 5 and 95 for each type of effective-
ness. Subsequently, values were identified by selecting ar-
eas on the plot with a higher density of points corresponding
to the desired result (type 1) and a lower density of points
for the undesired result (type 4). Statistical estimators
played a crucial role in interpreting the probability distribu-
tion during this process.

Synthetic data-set generation. simulation based on the predic-
tions on this dataset and analysis of effectiveness improvements

The final step was to create a synthetic dataset by apply-
ing the identified thresholds to the original dataset Through
validation procedures, we made adjustments to improve
the effectiveness rate. To further refine the dataset, any val-
ues outside the specified thresholds were replaced with ran-
dom values within the acceptable range, creating a new syn-
thetic dataset. We then used the previously trained deep
learning model to make predictions on the synthetic da-
taset, calculating the final rates for effectiveness type 1 and
effectiveness type 4.

The Effectiveness results using the original dataset and
the new synthetic dataset with the recommended threshold
values are shown in table 2. They show how the model
trained on the original dataset impacts the effectiveness on
the second dataset, increasing the overall probability on the
synthetic dataset by 47.1%

Results
Descriptive statistics of the spatio-teEporal predic-

tor variables
Table 1 shows the descriptive statistics of the spatio-
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temporal predictor variables. As it can be seen in the re-
sults, the mean of the variable speed is higher in aces than
in the rest of the serves, both on the Deuce side with 160.19
km/h and on the Advantage side with 165.90 km/h. This
difference is also reflected in the d, being the angle greater
in aces with an average of 5.99° on the Deuce side and 5.74°

on the Advantage side. On the other hand, the dL was an-
other of the variables that showed significant differences be-
tween the aces and the rest of the serves, being the shortest
distance in aces regardless of the side. Regarding the rest of
the variables, as can be seen, their means were quite similar
on the Deuce and Advantage sides, both for the serves that
were aces and for the rest of the first serves.

Table 1.
Descriptive statistics of the spatio-temporal predictor variables
DEUCE ADVANTAGE
Total Aces Total
(N=2615) (N=156) (N=2324) Aces (N=113)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Speed (km/h) 154.14 13.63 160.19 15.69 155.88 13.72 165.90 13.64
Position (m) 2.03 0.73 1.96 0.79 2.03 0.82 1.82 0.89
Impact Z (m) 2.67 0.14 2.70 0.13 2.68 0.15 2.72 0.14
Net Clearance (m) 1.14 0.11 1.13 0.11 1.14 0.11 1.13 0.11
Time (s) 0.48 0.05 047 0.05 048 0.05 045 0.04
Speed loss (kmv/h) 7.80 1.20 7.76 3.28 7.85 1.14 7.50 2.83
Serve angle (deg.) 3.59 1.91 5.99 1.64 3.63 1.74 5.74 1.56
Vertical projection angle (deg.) 9.05 0.61 9.07 0.56 9.02 0.64 9.05 0.55
dL (m) 1.01 0.54 0.39 0.37 0.99 0.56 0.40 0.47

Calculation of the Eost relevant variables

The next step was the calculation of the serve variables
that were most important for type 1 effectiveness. Figure 2
shows the mean values indicating the average impact on the
model outputs for each variable on the Deuce side, the Ad-
vantage side and both sides respectively. As it can be seen,
the most important variables were d, speed and dL to the
line irrespective of the side where the serve was played.
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Figure 2. Importance of the variables for the aces in the Deuce, Advantage and
Both sides

Results of the predictions using the trained Eodel
Table 2 shows the results of the predictions using the

trained model and the synthetic dataset, which resulted
from replacing values outside the recommended range with
random values within the recommended range. Serve angle
values between 5° and 8.7° double the initial probability of
making an ace on both the deuce and the advantage side.
Similarly, although to a lesser extent, both the variable of
serve speed (between 157 — 200 km/h) and the variable of
distance to the line < 0.42m, also improve the probability
of making an ace, regardless of the side of the court.

Table 2.
Results of the predictions using the trained model
Variable Side Yalues Effectiveness Effectiveness
(min-max)  Before (%)  After (%)
DEUCE 222 48.5
Serve angle (deg) AD 55-87 17.3 45.7
BOTH 18.7 47.1
DEUCE 18.8 243
Speed (km/h) AD 157-200 16.7 239
BOTH 16.8 22.8
DEUCE 20.3 21.7
dL (m) AD 0-0.50 16.4 20.3
BOTH 17.5 20.7
Discussion

This study addressed serve effectiveness in women’s
doubles tennis, using advanced machine learning techniques
to analyze a large dataset collected from BJKC matches.
From the analysis of 4939 serves in 65 matches, it was found
that serve angle, serve speed and distance to the serve line
are critical variables in increasing the likelihood of hitting
an ace.

The results shown in Table 2, have determined that
serve angles between 5.5°-8.7° have a direct impact on the
serving team achievement of an ace in women’s professional
doubles tennis, increasing the overall probability by 47.1 %
(48.5% on the deuce side and 45.7% on the advantage
side). These results are in the lines of previous studies in
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both singles and men’s doubles tennis, where it was re-
ported that angles from 5.88° and 5.7°, respectively, signif-
icantly increased the probability of hitting an ace (Whiteside
& Reid, 2017; Vives et al., 2022). These results confirm
that, in women’s doubles tennis, as in the men’s game, em-
ploying strategies in which the direction of the serve seeks
to place the ball away from the receiver increases the effi-
ciency of the serve partner and, therefore, their chances of
winning the point, either through an ace or by taking the
initiative of the point (Rioult et al., 2015; Mecheri et al.,
2016; Martinez-Gallego et al., 2021a; Vives et al., 2022).
However, it is important to note that these improvements
in efficiency in women’s doubles (=30 %) are considerably
lower than those reported in the men’s game (=50-60 %).
This may be due, on the one hand, to the lower overall ef-
ficiency of the serve in women’s doubles compared to
men’s doubles (Martinez-Gallego et al., 2021a) and, on the
other hand, to the position adopted by the players in the
return of serve. In this regard, although there are no data in
doubles tennis, in the singles game it has been reported that
female players adopt positions closer to the net than male
players (Reid et al., 2016). This could allow them to
shorten the trajectory of the ball and, therefore, move a
shorter distance, thus increasing the likelihood of returning
the serve.

The variable of serve speed has been explored due to its
impact on the game in several studies, which have found a
significant relationship with the probability of winning the
point (Rioult et al., 2015). In contrast, no direct relation-
ship has been found between aces and speed in both male
and female players (Brown, 2021). However, the results
obtained in this study show that, in women’s doubles ten-
nis, first serve speed, although limited, does improve the
likelihood of hitting an ace. Specifically, it has been found
that serves with speeds of 157 km/h and above improve the
probability of hitting an ace on both sides of the court by
around 5%. These results are in line with those found in
men’s doubles, where once 187 km/h was exceeded, the
probability of an ace was increased by approximately 10%
(Vives et al., 2023). Thus, although serve speed is an im-
portant variable that has received much attention and inter-
est (Rioult et al., 2015; Grambow et al., 2021; Mecheri et
al., 2016), its contribution to improving effectiveness is
limited compared to other variables such as angle. Cur-
rently, probably due to improved return performance, re-
turners are able to return a very high percentage of serves,
even at high speeds (Born et al., 2021; Fitzpatrick et al.
2023), which means that, in isolation, speed is not a deter-
mining variable in serve effectiveness. Therefore, it seems
reasonable that, although serve speed is an aspect to work
on with the players, it would be advisable to integrate it
with variables related to direction and angle to maximize
effectiveness.

Similar to speed, the distance from the ball bounce to
the serve box sideline, although it improves the effective-
ness of serves, does so to a limited extent, increasing the
probability of hitting an ace by approximately 5% when the

distance is less than 0.50 m. These results differ from those
observed in men's doubles tennis, where bouncing the ball
within 0.28 m of the line was reported to increase the prob-
ability of hitting an ace by 50% (Vives et al., 2023). This
also contrasts with a study of men's singles tennis, which
found that bouncing within 0.15 m of the line significantly
increased the probability of hitting an ace (Whiteside and
Reid, 2017). These differences are likely due to the inter-
action of this variable with speed. The fact that male players
serve at a higher speed than female players (Brown, 2021)
means that, when the ball bounces close to the lines, effec-
tiveness increases to a greater extent. On the other hand, in
the case of the female players, although the ball bounces
close to the lines, serving at a slower speed allows the re-
ceiver to reach the ball in better conditions and, therefore,
the serve is less effective.

Even though this study is comprehensive, there are cer-
tain limitations that should be taken into account. These
limitations also provide some ideas for future research di-
rections in this particular area of study.

One of the key limitations of this study is the isolated
analysis of the serve, conducted without considering its im-
pact on subsequent shots or shot patterns that develop later
in the game. This approach omits how the characteristics of
the serve can affect the dynamics of the point. Future re-
search could analyze the effectiveness of the serve using a
more comprehensive approach, by examining how the var-
iables of the serve contribute to the overall development of
the game, thus allowing for a more holistic understanding
of the various nuances in the strategy of women's doubles
tennis.

Another important limitation is the independent analy-
sis of the variables conducted, without exploring the inter-
action between them. This simplified approach may not
fully capture the complexity and multifactorial nature of
tennis performance. In this scenario, future research should
consider the interactions between variables, which would
offer deeper insights into how specific combinations of fac-
tors influence serve success in women’s doubles.

Finally, the exclusive use of data accessed from the
BJKC may limit the absolute applicability of the results to
other competitive contexts in women’s doubles tennis. The
specificity of the sample suggests the need for caution in ab-
solute applying the results. Future research could also ex-
tend the analysis to different competitions and levels of
play, thus enriching the understanding of serving in
women’s doubles tennis and its impact on competitive per-
formance. These studies could reveal tactical and strategic
variations adapted to different playing contexts, offering a
broader and globally applicable perspective.

From a practical application perspective, the results of
this study reveal critical aspects that can be considered by
coaches and trainers to improve serve effectiveness in
women’s doubles on court training sessions. The identifica-
tion of speed, bounce distance to the line, and particularly,
serve angle as key variables that increase the likelihood of
hitting aces suggests that serve training should prioritize

-132 -


Fernando Vives 
- 132 -


2024, Retos, 60, 955-962

© Copyright: Federacion Espariola de Asociaciones de Docentes de Educacion Fisica (FEADEF) ISSN: Edicion impresa: 1579-1726. Edicion Web: 1988-2041 (https://recyt.fecyt.es/index.php/retos/index)

these elements. This aligns with the findings of Filipcic et
al. (2021), who highlighted the importance of shot angles
in their analysis of matchplay characteristics and perfor-
mance indicators. Therefore, specific technical training that
incorporates exercises aimed at improving mechanical var-
iables, such as serve angle and speed, could be particularly
beneficial. Furthermore, when planning doubles game
strategies, and considering the observed strengths and
weaknesses in the opponents, it would be relevant to un-
derstand how the variables identified in this study can help
not only to improve serving performance, but also in shap-
ing the post-serve game patterns, allowing players to take
the initiative from the start of the point.

Conclusions

This study explored the effectiveness of the serve in
women’s doubles tennis, using advanced machine learning
techniques to analyse data collected from Billie Jean King
Cup matches. The results revealed that serve angle is the
variable that determines the most the likelihood of hitting
an ace. Speed and distance to the serve sidelines, although
to a lesser extent, were also related to a greater likelihood
of hitting an ace. These findings underline the importance
of integrating technical, tactical, and biomechanical aspects
to improve women’s doubles serving performance through
the appropriate use of variables. Therefore, it is suggested
that coaches and physical trainers focus their serve training
sessions on improving the angle and speed of the shot, as
well as on improving the strategic selection of serve direc-
tion, to enhance the chances of success in women’s doubles
tennis.
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