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Abstract: (1) Background: Tennis ball tracking technology allows the aquirement of novel and
reliable data about several performance indicators, such as volley positions. This information is
key to understand match dynamics in doubles tennis and to better help preparing players for the
demands they will face in match play. As such, the purpose of this study was to describe and
compare the different types of volley positions in men’s and women’s doubles professional tennis.
(2) Methods: Ball tracking data were collected for 46 women (Billie Jean King Cup) and 96 men’s
doubles matches (Davis Cup). The variables used were the distance to the net, the distance to the
centre of the court and the height of the impact. A K-Means cluster analysis was used to identify in
each subsample different profiles of volley locations. (3) Results: The inferential analysis revealed
differences in men’s (distance to the net η2 = 0.72, distance to the centre of the court η2 = 0.77 and
impact height η2 = 0.63) and women’s subsamples (distance to the net η2 = 0.48, distance to the
centre of the court η2 = 0.52 and impact height η2 = 0.51). (4) Conclusions: The results allowed the
suggestion of a higher variability in men’s matches, as there were seven different clusters identified,
and only four in women’s.

Keywords: racquet sports; match analysis; tactics; analytics

1. Introduction

Recent advances in sport technology are allowing scientists to collect large amounts
of data about competitions and, consequently, to also prepare the athletes using these
data-based insights. There are some examples of profiling the athletes’ features and the
competition demands in basketball [1], tennis [2] and other sports that clearly serve this
purpose. Unfortunately, the specific case of doubles in tennis remains quite unexplored,
despite the fact that this sport configures a very unique opportunity to better understand
the complexity of small groups at the levels of intra and inter-player coordination to
perform in such time–space conditions. The use of the Hawk-Eye, the most widely used
tracking system in tennis, in the two most important team competitions, the Davis Cup
and the Billie Jean King Cup (former Fed Cup), provides a unique opportunity to delve
into doubles tennis.

The tactics of the doubles game are generally more complex than those of singles. The
fact that the matches are played by four players instead of two implies that the decision-
making process during the game requires inter-player coordination, thus increasing its
complexity [3]. Therefore, players should adjust the positions, movements and shots
used, which in turn increases the number of tactical options as compared to the singles
game [4]. The coaching literature has emphasised the fact that doubles play requires
better perceptual skills than the singles game since, in addition to watching the ball, it is
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important to be aware not only of the positions of the opponents but also of the position of
the partner [5]. Furthermore, coordination and communication dynamics with the partner
play a fundamental role for the success of the team [6–9]. On the other hand, the doubles
game has a different scoring system. Professional doubles matches are played to the best of
two tie-break sets and a “match tie-break”, and the “no-ad” rule is applied (when reaching
deuce, the winning pair of the next point is the winner of the game). These differences in
the scoring system mean that the structure of doubles matches is substantially different
from that of singles [10].

In recent years, the game of doubles has changed considerably. The increase in ball
speed has increased the difficulty of the net game. However, despite the difficulty, the
game in this area of the court is still of vital importance in doubles tennis. Practitioners
consider that volleys and overheads, the usual shots played in this zone, have a higher
percentage of effectiveness than shots from the back of the court [11]. In fact, at the start of
the points, the doubles formations most used by both the serving and the receiving teams
include a player in the net [12].

Despite the great differences with singles tennis, there is a lack of empirical examina-
tion of the main characteristics of the doubles game. This is most compelling when it comes
to analysing the strategy and tactics of the doubles game. While coaching texts have com-
monly described common doubles tactics [13–18], research on doubles performance has
primarily focused on the coordination [6] and interpersonal communication dynamics [7–9]
of the doubles teams. Few studies have examined the technical and/or tactical features
of the doubles game. Carboch et al. [12] and Kočíb et al. [4] analysed serve formations,
Carboch and Kočíb [19] and Martínez-Gallego et al. [20] compared the serve efficiency
between male and female teams, Martínez-Gallego et al. [10] focused their research on the
game structure and point ending characteristics, and Martínez-Gallego et al. [3] analysed
the influence of teams’ experience on the time structure of the doubles game. In addi-
tion, despite the importance of volleys, they have received little attention from previous
research as compared to other shots such as serves or groundstrokes, both in singles and
doubles. To the knowledge of the authors, this is the first study that explores the positions
of professional male and female doubles teams when volleying using Big Hawk-Eye Data.

In recent years, one of the most important advances in evaluating the technical and
tactical performance of tennis players has been the use of tracking systems. These systems
analyse the images obtained through a network of cameras that capture images in two or
three dimensions and allow the calculation of different kinematic and positional variables
for both the players and the ball. Although there are various tracking systems that have
been used in tennis match-analysis [21,22], the most widely used tracking system is the
Hawk-Eye, since it is used in more than 80 professional tournaments as the electronic line
calling (Hawk-Eye Innovations). Ball tracking assists officials and players by providing
replays of the ball bounce and also allows statistical and cinematic data to be shown
during television broadcasts. The high level of precision and the large amount of data
recorded through this system offer a wide range of opportunities for research [23]. Previous
studies that have used this system have focused on analysing the differences between the
technical, tactical and movement characteristics between male and female players [24], the
differences between professional and junior players in selected aspects of the game [25],
and the importance of the service [20,23,26].

Thus far, no study has used tracking systems to investigate the characteristics of volleys
in doubles tennis. That is why the objective of this study was to analyse and compare the
different profiles of volley positions in men’s and women’s professional doubles tennis
using ball tracking technology. It was hypothesised that, for both men and women, the
highest percentages of volleys would occur close to the net, away from the centre of the
court, and at heights close to one metre. In addition, it was also hypothesised that in men’s
doubles, a greater number of volley types would be found than in women’s doubles.



Sustainability 2021, 13, 6370 3 of 9

2. Materials and Methods
2.1. Sample

The study sample consisted of a total of 24,982 volleys played on doubles matches. A
total of 6126 were from Billie Jean King Cup matches (n = 46) and 18,856 corresponded to
Davis Cup matches (n = 96). All the matches were part of qualifying draw ties played on
hard courts between 2010 and 2019.

2.2. Data Analysis

The data for this study were obtained through the Hawk-Eye system. This system,
which has been validated in previous research [24,27], consists of ten cameras that record at
a frequency of 50 to 60 Hz. It allows the tracking of coordinates of the ball and the players
during the points in four dimensions (time and Cartesian dimensional coordinates). From
this information, the system allows the calculation of different kinematic and descriptive
variables (for example, the position where the ball is hit by the player). The data obtained
through the Hawk-Eye system were imported to RStudio v. 1.3.959 for Mac, where the data
were standardised to adjust the mean values of the different variables, subdivided to obtain
the two sub-samples and filtered to eliminate outliers. Specifically, the distance to the net
(DNET), distance to the centre of the court (DCEN) and impact height (Hgt) coordinates
(Figure 1) were selected for all volleys played.

Figure 1. Distance to the net (DNET), distance to the centre of the court (DCEN) and impact
height (Hgt).

2.3. Statistical Analysis

The RStudio v. 1.3.959 for Mac was used to carry out the statistical analysis. A K-
Means cluster analysis was conducted. Clustering is a technique used to find and classify
k groups of data (clusters). Thus, the elements that share similar characteristics will be
together in the same group, separated from the other groups with which they do not share
characteristics. To find out if the data are similar or different, the K-Means algorithm
uses the distance between the data. Observations that are similar will have a smaller
distance between them. In general, the Euclidean distance is used as a measure, although
other functions can also be used [28]. This and other clustering methods have been used
previously in performance analysis in sport [29,30] and, specifically, in tennis [25]. K-Means
needs as input the number of groups in which the sample is going to be segmented. From
this number k of clusters, the algorithm first places k random points (centroids). Then, it
assigns to any of those points all the samples with the smallest distances. To estimate this
number of groups or clusters, the gap statistic method was used. This method compares
the change in within-cluster dispersion with that expected under an appropriate reference
null distribution [31]. To check the suitability of the clusters obtained, and the differences
between each of them, an inferential analysis was carried out. A MANOVA test was used
to check the differences between clusters. The level of significance was established at a
value of 0.05 or less. Subsequently, to perform pairwise comparisons, the T-test was used
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with the Bonferroni correction. For all comparisons, the size of the effect was calculated
using eta-squared. Small effect values were considered 0.01–0.06, moderate effect values
were considered 0.06–0.14 and large effect values were considered ≥0.14 [32].

3. Results
3.1. Davis Cup

The gap method was used to identify the optimal number of clusters. A model of
seven clusters was suggested by the abovementioned method. Therefore, a K-Means
cluster analysis was performed to create and describe seven maximal different groups
of volley positions (Figure 2). The means and standard deviations (SD) from the men’s
volley location variables according to the cluster solutions are presented in Table 1. The
inferential analysis revealed statistically significant differences for the DNET (p < 0.01;
η2 = 0.72), DCEN (p < 0.01; η2 = 0.77) and Hgt (p < 0.01; η2 = 0.63). Two-paired comparisons
showed differences between all the clusters for the DNET. For the DCEN, the differences
were not significant between Clusters 2 and 7. In the case of Hgt, the differences were
non-significant between Clusters 5 and 6, and between Clusters 3 and 4.

Figure 2. Men’s volley locations grouped by clusters.

Table 1. Men’s volley location variables according to the cluster solutions.

Cluster

1 2 3 4 5 6 7

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) p η2

DNET
(m) 3.13 (1.08) * 1.70 (0.83) * 2.71 (1.01) * 2.81 (1.06) * 6.33 (1.03) * 6.18 (1.08) * 5.80 (1.59) * <0.01 0.72

DCEN
(m)

−0.04 (0.84)
* 0.22 (1.31) ˆ 2.85 (0.96) * −2.86 (0.98)

*
−2.23 (1.08)

* 2.44 (1.08) * 0.28 (2.04) ˆ <0.01 0.77

Hgt
(m) 1.03 (0.28) * 1.97 (0.39) * 1.25 (0.34) $ 1.29 (0.36) $ 0.73 (0.38) + 0.74 (0.39) + 2.54 (0.41) * <0.01 0.63

* Significant differences between all the clusters (p < 0.01); ˆ Non-significant differences between Cluster 2 and Cluster 7; + Non-significant
differences between Cluster 5 and Cluster 6; $ Non-significant differences between Cluster 3 and Cluster 4.
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Cluster 1 volleys were played relatively close to the net, close to the centre of the
court and at a height similar to the net height. Volleys in Cluster 2 were high volleys and
overheads played very close to the net and relatively close to the centre of the court. The
volleys grouped in Cluster 3 were played close to the net, on the right side of the court and
at a medium height. Cluster 4 groups the volleys that were played at a similar height on the
right side of the court and slightly further from the net than those of Cluster 3. Regarding
the volleys grouped in Cluster 5, these were played relatively far from the net, on the left
side of the court and, for the most part, below the net height. Cluster 6 groups the volleys
that were played at a similar height on the right side of the court and slightly closer to the
net than those of Cluster 5. Finally, the volleys in Cluster 7 were high volleys or overhead
smashes hit at a distance relatively far from the net.

The number of volleys in each cluster represents the frequency of the different types
of volleys. The most common type of volley in men’s tennis doubles was the volleys of
Cluster 1, while volleys in Cluster 7 were the least frequent. As it can be seen in Figure 2, as
expected, there is a large variability in the types of volleys that occurred during the Davis
Cup matches. However, contrary to what was hypothesised, the most frequent types of
volleys occurred near the centre of the court at different heights.

3.2. Billie Jean King Cup

As in the men’s doubles game, the gap method was used to identify the optimal
number of clusters. A model of four clusters was suggested by the abovementioned method.
Therefore, a K-Means cluster analysis was performed to create and describe four maximal
different groups of volley positions (Figure 3). The means and standard deviations (SD)
from the women’s volley location variables according to the cluster solutions are presented
in Table 2. The inferential analysis revealed statistically significant differences for the DNET
(p < 0.01; η2 = 0.48), DCEN (p < 0.01; η2 = 0.52) and H (p < 0.01; η2 = 0.51). Two-paired
comparisons showed differences between all the clusters for the DNET, DCEN and Hgt.

The volleys in Cluster 1 were played close to the net, on the left side of the court
and at a medium height. Cluster 2 groups the volleys played at a similar height on the
right side of the court and slightly further from the net than those of Cluster 1. Cluster 3
volleys are those played relatively far and, in the majority of the cases, below the net height.
Finally, the volleys in Cluster 4 were overheads and high volleys, played close to the net
and relatively close to the centre of the court.

Figure 3. Women’s volley locations grouped by clusters.
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Table 2. Women’s volley location variables according to the cluster solutions.

Cluster

1 2 3 4

Mean (SD) Mean (SD) Mean (SD) Mean (SD) p η2

DNET 2.65 (1.02) * 2.90 (1.07) * 6.13 (1.38) * 4.10 (2.96) * <0.01 0.48

DCEN −1.65 (1.38) * 2.25 (1.25) * 0.05 (2.00) * 0.29 (1.79) * <0.01 0.52

Hgt 1.27 (0.37) * 1.19 (0.36) * 0.80 (0.42) * 2.28 (0.31) * <0.01 0.51

* Significant differences between all the clusters (p< 0.01).

Regarding the frequency of the different types of volleys, the most common type of
volley in women’s tennis doubles was the volleys of Cluster 1, while volleys in Cluster 4
were the least frequent. As it can be seen in Figure 3, as hypothesised, the variety in volley
types in Billie Jean King Cup matches was less than in Davis Cup matches. In this case, as
expected, more volleys away from the centre of the court did occur.

4. Discussion

This study was the first to provide a classification of volley types played in Davis
Cup and Billie Jean King Cup (former Fed Cup) doubles tennis matches, based on the
position where they were hit. The DNET, the DCEN, and the Hgt of the impact allowed us to
discriminate and group the different types of volleys, both in the men’s and in the women’s
matches. In the case of the Davis Cup, seven different volley types were found, and in the
case of the Billie Jean King Cup, four types were identified. The groupings obtained in the
matches of both the Davis Cup and the Billie Jean King Cup presented clear differences
depending on the position parameters. These positional differences are obviously very
related to various specific tactical aspects of each category.

4.1. Davis Cup

As it has been observed in the results, the clusters that grouped a greater number of
volleys and, therefore, presented a higher frequency were Cluster 1 and Cluster 2. The
volleys of these clusters, as it was hypothesised, were played close to the net, but contrary
to what was hypothesised, they were played close to the centre of the court. One of the
most important aspects when players are at the net, especially in situations where they
have the initiative of the point, is to be as close to the net as possible [5]. Therefore, it seems
reasonable that these two clusters are the most frequent ones. On the other hand, one of
the tactics most used by doubles teams when the opponents are at the net is to play in
between the players. This has several advantages—on the one hand, this area is considered
by the coaching literature as one of the weakest in any doubles team as it demands efficient
teamwork and communication regarding which member of the team will take the volley [8].
In addition, the net is lower at the centre, so it is easier to play a low ball which forces the
opponents to volley up, which is one of the key objectives when the opposing team is at
the net [15]. It is then logical that the volleys in Cluster 1 showed such a high frequency.
However, the volleys in Cluster 2 are played at a greater height and, therefore, are easier
to play and are probably the most effective. These types of volleys are played following a
high ball hit by the opposing team in an emergency situation. The player usually poaches
and hits the high volley in the centre of the court. Furthermore, in recent years, one of the
most frequent formations of the serving team is the “I” formation, in which the server’s
partner is at the net and very close to the centre of the court [12,15]. This position facilitates
that, following a good service, the receiver is forced to return to the centre of the court and
the player who is at the net can play this type of high volley.

The volleys in Clusters 3 and 4 are also volleys played close to the net, which confirms
the importance of this positioning whenever the situation permits [5]. However, unlike
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previous volleys, these volleys are played far from the centre of the court. The classic
formation, in which the net player stands on the opposite side to his partner, is the most
frequent in the return situation, and also, together with the “I” formation, in the service
situation [4]. This means that both at the beginning and during the points, at least one
player of the team is at the net and far from the centre. This is the scenario in which this
type of volley occurs more frequently [16].

Regarding the volleys in Clusters 5 and 6, although they were also played far from
the centre of the court, the distance to the net was greater and the height was lower than
in Clusters 3 and 4. These positions are typical of the approach volleys, in which players
volley when they are transitioning through mid-court, from the back of the court to the
net [17]. These types of volleys are often played when players use the serve and volley
strategy. The great distance from the net and the low impact height of this type of volley
can be a consequence of the increase in the speed of the game and the improvement of the
return of serve [15], which makes the execution of these shots extremely difficult. Probably,
these are the main reasons why the volley serve strategy, although still frequent, is less
used in recent years [11].

Finally, the volleys in Cluster 7 were the least frequent. These shots were played at a
great height and at a relatively far distance from the net as compared to the other volleys.
These high volleys and overhead smashes usually occur when the opposing team plays
a lob. The low frequency of this type of shot may indicate that, although the lob is one
of the traditionally recommended strategies to pass to the players at the net [5], its use is
infrequent and, when it is played, it is hit with great efficiency, preventing net players from
hitting the ball before the bounce.

4.2. Billie Jean King Cup

As hypothesised, fewer clusters were obtained in Billie Jean King Cup doubles matches
as compared to the Davis Cup doubles matches. This indicates that there is less variety in
volley types in women’s doubles tennis. The fact that women more often choose to stay
on the baseline [33] explains that there are fewer net play situations and, therefore, less
likelihood of different situations occurring. In addition, previous studies have also found
that female teams implement less tactical variants in their game than males [12], which
also produces less variety in terms of hitting positions.

The most frequent volleys were those that were grouped in Clusters 1 and 2, which
are characterised by being played far from the centre of the court and close to the net. This
is a clear difference with respect to the male doubles teams, in which the most frequent
volleys were played near the centre of the court. In this case, it seems that the lower speeds
of movement of the female players as compared to their male counterparts [24] produce
fewer situations in which the players have options to poach efficiently and, therefore, play
the volley in areas close to the centre of the court. In addition, these results also justify
those found in previous studies in which it was shown that the predominant formation in
female teams was the classic one, where the net player is placed in a position that allows
her to cover her side of the court (Carboch et al. 2014).

The volleys in Cluster 3 are characterised by being played at low height, far from the
net, and near to the centre of the court. This is also a clear difference with respect to the
male teams, in which this type of low volley and playing far from the net were grouped
in two different clusters, one on each side of the court. The fact that female teams choose
to play serve and volley tactics less frequently than male teams [12] may explain why
these volleys are not played far from the centre of the court. In addition, since in women’s
doubles there are less poaching movements at the net than in the men’s game, teams at the
baseline may choose to direct their groundstrokes more to the centre of the court before
approaching the net, which will allow them to play with less risks and make it difficult for
the volley player to open angles [5].

Finally, the volleys grouped in Cluster 4 were those hit at a great height and at a
medium distance from the net. As noted above, these high volleys and overhead shots
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often occur when the opposing team plays a lob. As it happens in men’s doubles tennis,
the low frequency of this type of volley seems to indicate that in women’s doubles tennis
the lob is not used frequently to pass the team at the net and, when it is used, it is played
very effectively, preventing the net players from hitting the ball before the bounce. This
scenario has been extensively described in the coaching literature [34].

From a practical application perspective, these novel and significant findings are
extremely important, as for the first time the different types of volleys in doubles tennis
have been classified according to the position in which they are executed. Moreover, the
differences between men and women have considerable implications for the coaching
practice, as notable differences have been found with a clear relationship with the tactics
employed. Depending on the characteristics of each player or team, coaches should
consider the classification proposed in this article to develop game strategies and plan their
training specifically for doubles tennis.

4.3. Limitations of the Study

The analysis carried out in this research focused only on the position in which the
volleys were executed. However, this position was not related to other relevant perfor-
mance indicators for the doubles game, such as the result of the shots or several kinematic
variables such as the speed of the players before hitting or the speed of the ball. These
indicators are considered to be relevant for the doubles game by practitioners [35]. In
future research, these variables could be analysed together, which would provide for a
deeper understanding of the tactics employed by the doubles teams at the net. In order to
study this, it would be necessary for the database provided by the “Hawk-Eye” system
for doubles to be set up to record the position and kinematic variables of the four players.
On the other hand, the smaller number of women’s matches that have been accessed has
caused a considerable difference in the sample of volleys between both genders.

5. Conclusions

By using ball tracking data, this study profiled men and women’s volley positions
in professional doubles tennis matches. A greater variety of volleys was found in the
men’s doubles game than in the women’s. Additionally, in men’s doubles, more types of
volleys were executed close to the centre of the court, while in the women’s game more
volleys were played on the sides of the court. Finally, it was also found that men played
a greater number of volleys higher and closer to the net than women. From a tactical
point of view, the results obtained in this study indicate that male teams, in general, play
at the net more often than women teams, they use the “serve and volley” strategy more
often than their female counterparts, and they poach at the net more regularly and play
more volleys with the intention of closing the point than the female teams. These original
and significant findings not only reinforce the need for specific training, but also identify
novel information to be used in practice design by coaching staff. From a methodological
perspective, the approach used in this study can be useful for the analysis of other key
performance indicators in tennis or other sports.
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