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ABSTRACT

Objectives: The present article aims to (i) critically review and classify the

studies on the tennis serve return by the degree of representativeness of the experimental task design, (ii) assess the quality of the studies classified with a high degree
of representativeness, (iii) analyze to what extent expert tennis players demonstrate anticipatory behavior when actually performing a first serve return.

Design and method: Searches were performed in Web of Science and Scopus up to 31st December 2017. The main search term tennis was combined with four groups
of key words: anticipation, perception and action, response time and serve return. Researchers selected 62 studies after applying the inclusion criteria. Subsequently,
they were screened by degree of experimental task design representativeness through 6 further criteria.

Results: Fifty-four studies were found with a medium to low degree of representativeness (87%) and only 8 studies with a high degree of representativeness (13%).
Among those eight studies, only one attained the best methodological quality in terms of variables analyzed and information reported. Also, some methodological
recommendations were outlined for future research.

Conclusions: After 40 years of research, evidence has not yet been found that expert tennis players move to either side before the ball is hit in representative task
conditions. Hence, players do not demonstrate observable anticipatory behavior towards the ball direction on the first serve in tennis, but guide their actions upon the

information unfolding around the server’s action and first moments of the ball flight.

1. Introduction

The evolution of modern tennis has converted the serve into one of
the most critical aspects of the game, forcing players to develop an
effective return if aiming to maintain their chances of success (Elliot &
Saviano, 2001; Gullikson & MacCurdy, 2017). When comparing the
percentages of points won with the first serve and the return of serve, it
is apparent that the advantage is with the server (Cui, Gémez,
Gongalves, & Sampaio, 2018; Gillet, Leroy, Thouvarecq, & Stein, 2009).
Consequently, the coaches of top level players program specific training
sessions to improve the return (Elliot, Reid, & Crespo, 2009).

Moreover, as the first serve in tennis is an explosive action, the
returning action has to be executed within pressuring temporal (less
than a second) and spatial (whole of the service box) limits. Therefore,
considering that this challenge is so determinant and that it represents
an extremely demanding situation for tennis players, researchers have
taken pains to discover what anticipatory mechanisms (Jackson &
Mogan, 2007; Jones & Miles, 1978) and other aspects related to the
timing of the actions, underlie the success of tennis players when facing

a first serve (Avilés, Ruiz, Sanz, & Navia, 2014).

In this regard, several techniques have been used to identify the
perceptual-motor and cognitive expertise of athletes, including tem-
poral and spatial occlusion, the reaction time paradigm, liquid crystal
glasses, eye movement recording, high-speed film analysis, qualitative
interview methodology, etc. (e.g., Miiller, Brenton, & Rosalie, 2015;
Williams, Davids, & Williams, 1999). Results of sound research projects
have suggested that skilled tennis players anticipate the direction of the
ball to a greater extent than their lower skilled counterparts. For in-
stance, expert players have been found to extract information from the
opponent’s movement (e.g., Murray & Hunfalvay, 2017), from the
context (e.g., Farrow & Reid, 2012) or both (e.g., Vernon, Farrow, &
Reid, 2018) prior to the server’s stroke. Then, expertise is believed to be
characterized by the ability to extract and make use of that advance
information (Jackson & Mogan, 2007; Reid, 2003). This idea of the use
of information then refers to the ability of tennis players to anticipate,
that is, to buy time by moving in the (foreseen) direction of the ball before
the opponent’s shot, in order to counteract the unfavorable constraints.
In fact, coaches have indicated that expert players base their game to a
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great extent on anticipation, and that they frequently need to anticipate
during the competition to be able to move and take up a position that
gives them a chance of success (Crespo & Miley, 1998).

Yet the fact that the expert tennis players can successfully predict
the future direction of the ball above chance level does not necessarily
mean that they actually demonstrate anticipatory behavior —~which is no
wonder since expert servers are true masters at hiding their intentions,
being able to change shot directions with very slight kinematic differ-
ences (Elliot et al., 2009)-. Without denying that anticipation is a term
that may entail mental preparation, predictions and expectations, we
consider that an athlete demonstrates anticipatory behavior when
showing observable behavior before the occurrence of a certain event
(e.g. see Buckolz, Prapavesis, & Fairs, 1988). In the case of first serve
returning, anticipatory behavior denotes the tennis player’s lateral
movements on court prior to the server’s stroke (c.f. Canal-Bruland &
Mann, 2015; Triolet, Benguigi, Le Runigo, & Williams, 2013).

Hence, the idea that anticipatory behavior is imperative and a
hallmark of experts is being questioned, as recent indications point to
the fact that skilled athletes may actually wait as long as possible to
initiate their actions (see review on Navia, Avilés, Lopez, & Ruiz, 2018).
In this respect, regardless of the informational variables that players
exploit to control their actions (i.e., perceptual, contextual information)
the behavior of the expert athletes in situ does not support the idea that
they evenly demonstrate anticipatory behavior regarding the direction
of the server by moving to either side prior to the server’s stroke (Shim,
Carlton, Chow, & Chae, 2005; Triolet, Benguigui, Le Runigo, &
Williams, 2013; van der Kamp & Renshaw, 2015). In short, whereas
there is a body of research suggesting anticipatory behavior as a key
factor when facing tennis serves, other studies point out that antici-
patory actions may not actually represent an optimal response when
reacting to a first serve. An explanation of this apparent contradiction
could be found in the experimental design employed.

1.1. Representative task designs

In 1979 there was already a lot of interest in studying natural vision
and carrying out experimental tests with greater behavioral realism,
Gibson himself stated: “It is not true that ‘the laboratory can never be
like life.” The laboratory must be like life!” (Gibson, 1986, p. 3). At the
same time, Martens urged researchers to develop more applied field
research with greater external validity, without neglecting basic la-
boratory studies which imply greater experimental control (Martens,
1979).

In the last decade, concern has grown among researchers about the
effect of representativeness in the experimental task on the results. To
be precise, the scientific community has questioned the generalization
of the results of studies wherein the experimental tasks do not ade-
quately reproduce the specific conditions of play actions (Aratjo,
Davids, & Passos, 2007; Miiller et al., 2015; Pinder, Davids, Renshaw, &
Aratijo, 2011; Travassos, et al., 2013; van der Kamp, Rivas, Van Doorn,
& Savelsbergh, 2008). The specific conditions of the activity in re-
presentative task designs refer to different aspects like:

a) The type of stimulus: varying from observing a light, a complete
video, sequences with point-light displays, a video with temporal or
spatial occlusion, sequences of virtual reality, a ball shot from a
machine or a real opponent.

b) The type of response: written, verbal, unspecific tennis hand
movements (pressing a key or button, moving a joystick and others),
restricted or limited body movement (e.g. stationary split step), a
simulated shot (without contact) or a real tennis shot.

¢) The moment of response: delayed in time, induced or provoked (e.g.
as soon as possible after observing the stimulus) or concurrent.
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d) The information on the response: body segment or the racket used to
codify the beginning of the response (e.g. movement of the foot,
trunk, the whole body, the racquet head, etc.).

In this line of thought, van der Kamp et al. (2008) argued that
temporal occlusion studies, with delayed verbal or written responses,
triggered different perceptive-neurological processes from those pro-
duced by actual responses against a real opponent. For instance, it has
been reported that the perception (visual patterns) of goalkeepers in
football when facing a penalty kick varied as a function of the type of
stimulus (video vs. real opponent) and the type of response (verbal vs.
restricted vs. a real save) (Dicks, Button, & Davids, 2010). Other studies
state that the conditions of task representativeness in the experimental
design can influence response accuracy (i.e., percentage of successes in
judging the direction of the ball; Farrow & Abernethy, 2003) as well as
the timing of the movements of interceptive actions (Pinder, Renshaw,
& Davids, 2009). In fact, evidence indicates that expert performance is
constrained by requisite response behaviors (Travassos et al., 2013).

Another important factor that shapes the anticipatory behavior of
returners is the ranking of the participants, as the degree of the server’s
expertise modulates the speed and accuracy of the first serves. Findings
confirm that the accuracy and efficacy of the return decreases when the
speed of the serve increases (Avilés, Ruiz, & Benguigui, 2006; Haake,
Rose, & Kotze, 2000). Yet, very few studies have managed to reproduce
speeds similar to those seen in top competition (Gillet, Leroy,
Thouvarecq, Mégrot, & Stein, 2010), as it is not often that research can
count on expert servers and returners at the highest level in the tax-
onomy of expertise (Swann, Moran, & Piggott, 2015).

In short, research suggests that the representativeness of the ex-
perimental task designs could influence the performance of the expert
tennis players in the return action, either in the timing of the return
and/or in the percentage of response accuracy. Therefore, in order to
ascertain whether tennis players actually demonstrate anticipatory
behavior when facing a first serve, we first should examine the condi-
tions under which players in different reported studies performed. This
subject to date has not been systematically reviewed for the case of the
tennis first serve return. Hence, the present article aims to (i) critically
review and classify the studies on the tennis serve return by the degree
of representativeness of the experimental task design, (ii) assess the
quality of the studies classified with a high degree of representative-
ness, (iii) analyze to what extent expert tennis players demonstrate
anticipatory behavior when actually performing a first serve return.

2. Method
2.1. Search process and selection of studies

As depicted in Figure 1, the PRISMA methodology for systematic reviews
was followed (Moher, Liberati, Tetzlaff, & Altman, 2009). Bibliographic
searches were carried out in the following databases: Web of Science and
Scopus. The reference lists of the full-text article selection were also reviewed
manually to find additional records. There were no time restrictions to begin
the search for the studies as the purpose was to collect all available sources
within the topic. The search finished on the 31st December 2017. The main
search term “tennis” was combined with four groups of key words: a) tennis
AND anticipation; b) tennis AND perception AND action; c) tennis AND re-
sponse time; d) tennis AND (serve return OR returner).

The following inclusion criteria were taken into account for study
selection:

1) The study could be published in English, French or Spanish.
2) It had to be an original full-length paper, review, conference paper
or book chapter.
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Fig 1. Preferred reporting items for systematic reviews flow diagram.

3) It had to focus on the task of return of serve in tennis. This also
included simulation tasks of return of serve, phases of the split step,
data on the movements and characteristics of the returner's shot.

4) The study had to provide quantitative data on the aforementioned
task.

Therefore, researchers excluded studies about other tasks similar to
the return of serve in tennis (e.g. return in volleyball or table tennis
serve, split step in paddle tennis or squash, return of a ground stroke in
tennis, etc). They also excluded studies which only had a published
abstract and did not present the complete contents of the research. Two
researchers (Authors 1 and 2) independently reviewed the titles and
abstracts of the retrieved studies. If the information in the title and
abstract was insufficient, the full text of the study was reviewed to
ascertain if it fulfilled the four selection criteria.

2.2. Inclusion criteria for studies on the first serve return with a high
representative task design

Once the eligible studies were identified for the review, the next
step was to choose those works with a high degree of representativeness
relative to experimental task design. Following (and adapting) some of
the methodological considerations by Miiller et al. (2015), researchers
agreed to consider 6 inclusion criteria:

1) To ensure the true expertise of the players, the study had to include
at least one returner of level 1 (out of 10 rating categories) of the
International Tennis Number. This top performance level is
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applicable to a player that “holds or is capable of holding an ATP/
WTA ranking” (International Tennis Federation, 2004, p. 13).

2) The serves had to cause spatial uncertainty for the returner. That is,
serves had to vary in terms of service box aiming location and be
unpredictable for the returner.

3) The registered average speed of the first serves had to be above 160
and 130km/h for men and women, respectively.’ In the case that
the speed data were not reported, the serves had to be made in
competition by international or professional tennis players.

4) The server could perform flat, slice or spin first serves, providing
that they fulfilled the aforementioned second and third criteria.

5) The returner could observe all the information on the serve, in-
cluding the server's action (movements prior to and after the im-
pact) as well as the complete ball flight.

6) The returner could perform their habitual technical gesture, without
any kind restriction. This includes all the initial preparatory move-
ments (i.e., the split step), a concurrent response in real time, and
the shot to return the ball towards the opposite side of the court.

LFirst serve average speed among expert tennis players is around
185 + 10km/h in men and 155 *+ 10km/h in women, as well as 150 + 10
and 130 = 10km/h for the second serve, respectively (Cui, Gomez,
Gonzcalves, Liu & Sampaio, 2017; Elliot et al., 2009; Haake et al., 2000; Reid,
Morgan, & Whiteside, 2016; Ruiz & Cabrera, 2004; Vaverka & Cernosek, 2016).
The threshold of 160 for men and 130 km/h for women allows a certain margin
(i.e., 2.5 times SD) below first serve speeds and, at the same time, remains
above second serve speed average.
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Taking these criteria into account, two researchers (Authors 1 and
3) reviewed the contents of the 62 studies and constructed the tables
with the data.

3. Results
From the initial 62 studies, 54 (87%) were classified into a medium-

low degree of representativeness group (Table 1) and only 8 studies
(13%) were found to hold a high degree of representativeness (Table 2).

showed a “conservative” strategy

of waiting longer.
long in the first and second serve

returns (330 and 307 ms,
that the returners waited at least
300 ms after impact to move

respectively). The results suggest
laterally.

Findings regarding anticipatory
behavior

demonstrated anticipatory
percentage, and only in second
serve returns.

In general, they systematically
The response times were very

The professional returners
behaviors in a very low

3.1. Studies on the return of serve in tennis with a medium-low degree of
experimental representativeness

£z 587 z

9 = 532 &

E g ‘g = =t § %)

S & 29538 E

8 z 8§ gﬁ § Y Table 1 presents the studies related to the serve return in tennis
L= = [=I7 . . . . . . . . .

& E T § el SSgzgé which did not fulfill all the established criteria for being included in the
= wn ©

83 g EgEc= L8 § E § group with a high degree of representativeness. This table presents the

2] = L - . . . .

g8 _ g g g g 8 S & descriptions of the experimental task design employed (type of study,

=2 Q3 8o ) & 22 .

EES £888% SEERE type of response and moment of response; see Table 1 footnotes for

details) as well as the main findings of the included studies. Other
process-tracing measures registered in some studies (i.e., imaginary
movements, heart rate, electroencephalogram, fMRI, and eye-move-
ments) were not included as response measures of anticipatory beha-
vior. Studies listed in Table 1 are ordered chronologically.

Studies present a great disparity in the techniques employed (see
Supplementary Table 1 for more information). With regard to the sti-
muli, ten different types or categories have been identified; note that
one study might employ more than one technique so that the sum of the
frequency (and percentage) is above the actual number of studies (and

No timing data reported on the

split step.
beginning of the response time.

Time analysis of the split step
The split step marked the

é g 5 B ‘g‘ 100%). From among the 54 studies which comprise this group, 22
2B 5 ‘é e EES 5 (41%).used .a real opponent, followed by. 18 (33%) wherein temPoral
i‘;j E » gg ‘é‘ g g occlusion videos were used. Ten studies (19%) employed videos
2 :‘F: % g E ; £ i g without occlusion, 7 (13%) temporal occlusion videos with animation
s g g g = :‘% g E g or in 3D, 4 (7%) light, 4 (7%) a real opponent with occlusion or ma-
é % 5 ﬁ g g% ; a E nipulated movement, 3 (6%) a spatial occlusion video, 2 (4%) balls
ERE) i E sz é—g - thrown by a machine, 1 (2%) imagined and 1 (2%) used sound as sti-
< E B8 SES 8 EEGR Z muli.

28 £EC- 2 The results also indicate that the type of response varied. Response
:5 é £ _i g s E was recorded using unspecific tennis hand movements in 14 studies
E & % E é B ‘goai (26%), equal to when participants hit the ball (14, 26%). Verbal re-
'E = E3 § N 22 E sponses and simulated hitting movements were used in 10 studies
588 23 :‘ g st E é (19%), respectively. In 6 studies (11%) insufficient information was
e g £ I < I g 2 2 provided, the same as studies wherein the experimental design had no
Z5¢ zgE2 BERE response (6 cases, 11%). Written responses were used in 4 studies (7%)

- and responses with restricted or limited body movements in 2 (4%).

i g With regard to the moment of the response, the concurrent (22
v8_ 5 ° cases, 41%) and the induced responses (20, 37%) were the most fre-
E *§ E ? E & & quent, while the participants responded in a delayed manner in 10 of

the studies (19%). Five studies (9%) had no response, whereas in-

o sufficient information was provided in 3 works (6%).

9
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v %] %]

05; “3 “E 3.2. Studies on the return of the first serve in tennis with a high degree of

& n N

experimental representativeness

3.2.1. Quality assessment of studies on the return of the first serve in tennis
with a high degree of representativeness

Studies with high representative task designs (i.e., that fulfilled all
the inclusion criteria detailed in section 2.2) are chronologically listed
in Table 2. Features of the experiments in terms of the variables of the
experiment, sample, and main findings can be found throughout the
table. All the studies were carried out in situ on the tennis court. Note
that the publications do not generally provide all the information to the
reader on the variables analyzed (see Table 3). Only the work by Gillet
et al. (2010) presents the best methodological quality, whereas four
publications reach 5 criteria (Avilés et al., 2006; Filipcic, Leskosek, &
Filipcic, 2017; Triolet et al., 2013; Vaverka, Stromsik, & Zhanel, 2003).
The works by Avilés et al. (2002, Study 2) and Kleinoder and Mester

Criterion for the codification of Recording
the beginning of the motor

response.
performed a split step” (p. 99).

racquet or body (hips, shoulder
or feet) towards the future

movement of the returner's
location.

Split step timing was used:
“Time between the impact
point of the opponent’s shot
and the moment the player

Beginning of the lateral

Triolet et al.
(2013)

Filipcic et al.
(2017)

Study

Note that total response time represents the time elapsed between the server's stroke and the returner's stroke. IIP — insufficient information provided

Table 2 (continued)
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Table 3
Quality assessment in regards to analyzed and reported variables in studies on the return of the first serve in tennis with a high degree of experimental task
representativeness.

Study Information about

CcC Frec. Speed Partic. Mov. S-S RT-MT Total Anticipatory behavior

Pizzinato (1989) + + + 3 NO

Kleinoder and Mester (2000) + + + + 4 NO

Avilés et al. (2002) Study 2 + + + + 4 NO

Vaverka et al. (2003) + + + + + 5 NO

Avilés et al. (2006) + + + + + 5 NO

Gillet et al. (2010) + + + + + + + 7 NO

Triolet et al. (2013) + + + + + 5 NO

Filipcic et al. (2017) + + + + + 5 NO

N Total 8 6 4 8 4 4 4

% Total 100 75 50 100 50 50 50

Note: CC - coding criterion of response; Frec — recording frequency (fps); Speed — Speed of the serve; Partic. — level of expertise of the returners; Mov. — lateral
movement analysis; S-S — time analysis of split-step; RT-MT - analysis of response time and/or movement time

(2000) depict 4 variables, and the experiment by Pizzinato (1989) re-
ports 3 variables out of 7.

3.2.2. Temporal analysis (criterion, split step and response time)

We found a lack of unanimity regarding the criterion followed to
consider the beginning of the motor response (Table 2). This metho-
dological difference undoubtedly influenced the data and interpretation
of the measurements obtained. These differences in times are evident
when comparing some studies wherein expert players were recorded.
For instance, Avilés et al. (2002) considered the moment of landing
from the split step (around 130 ms) as the beginning of the movement
towards the ball. The same criterion was used by Filipcic et al. (2017),
finding considerably longer times (335ms). In contrast, Gillet et al.
(2010) took the initiation of racquet lateral movement with respect to
the server’s impact as movement onset (around 286 ms). They also re-
ported very short latency times for returners (133 and 157 ms), but with
respect to the moment of maximal gravity center vertical rise instead
(Gillet et al., 2010). Furthermore, other researchers like Vaverka et al.
(2003) did not consider a specific segment of the body, but rather the
whole movement of the returner's body as the initiation of return action
(240 ms).

3.2.3. Recording frequency

As found in the previous point, the sampling frequency does not
follow common guidelines. Some studies do not specify the sampling
frequency (Avilés et al., 2002; Pizzinato, 1989), while others captured
the actions at very low (Filipcic et al., 2017), or low frequencies (Triolet
et al., 2013) of 25 and 50 fps, respectively. In contrast, a select group of
studies used devices with a higher frequency or high-speed recordings
(200-250 fps) which provide much better chronometric accuracy for
establishing the exact beginning and the detailed trajectories of the
tennis players (Avilés et al., 2006; Gillet et al., 2010; Kleindder &
Mester, 2000; Vaverka et al., 2003).

3.2.4. Serve velocity and level of expertise

The serve velocity in the experimental design is of utmost im-
portance as it dictates the spatio-temporal pressure of the action. That
is, the speed of the serve defines the time available for the returners to
regulate their actions. From among the studies which report the serve
velocity, we found values between 160km/h (Kleinoder & Mester,
2000) and 184 km/h (Gillet et al., 2010) in men; confirming the tem-
poral constraints of the task. In part, the velocity of the serve is influ-
enced by the experimental conditions and the different recording de-
vices, but undoubtedly the level of expertise of the servers is the most
decisive factor (Cui et al., 2017; Ruiz & Cabrera, 2004). Regarding re-
turners, all eight studies included at least one expert player of an

23

international level as defined in the first inclusion criterion (Avilés
et al., 2002; Avilés et al., 2006; Filipcic et al., 2017; Gillet et al., 2010;
Kleinoder & Mester, 2000; Pizzinato, 1989; Triolet et al., 2013; Vaverka
et al., 2003).

4. Discussion

The main aim of the present paper was to elucidate whether expert
tennis players actually demonstrate anticipatory behavior when re-
sponding to a first serve. To this end, we carried out a systematic review
through data bases to collect all published studies on this topic. In order
to provide accurate and realistic conclusions, we filtered studies by the
degree of representativeness of the experimental designs employed
(including the sample’s level of expertise).

4.1. Experimental task design and anticipatory behavior

As per other sports actions, the serve and return action in tennis
have been widely studied. Thanks to the pioneers in this area like C.
Goulet, R. N. Singer, A. M. Williams or D. Farrow among others, the
scientific community has progressively gained knowledge about the
tennis players’ behavior when responding to a first serve. For instance,
lab-based designs found that expert tennis players correctly guess the
direction of the ball well over chance level when they have access to
information on the body or movements of the server up to the moment
of impact (e.g., Farrow et al., 2005). Similarly, it is apparent that they
are able to predict the direction of the ball in advance when they have
access to situational information (Farrow & Reid, 2012).

Nonetheless, today we are obliged to raise methodological stan-
dards to provide new insights into this sport action. Thus, we estab-
lished relatively strict inclusion criteria in order to separate studies with
experimental designs that either failed in preserving in a realistic
manner the spatio-temporal constraints of the task and the natural in-
teractions between performers, or employed non-experts as the sample.
After selection, only 8 out of 62 studies were considered as highly re-
presentative. As mentioned in the introduction, counting on true ex-
perts as participants for research has rarely been feasible. Moreover,
lab-based designs allow for greater experimental control, whereas col-
lecting data while manipulating conditions in situ is still challenging
even today.

Even so, we encourage adoption of scenarios as representative as
possible when capturing returner’s actions (see forthcoming section 4.3
for details), as a growing number of studies suggest that insufficient
experimental task design representativeness may bias the athletes’ be-
havior (van der Kamp et al., 2008; Pinder et al., 2009; Travassos et al.,
2013). In this regard, success and time records obtained in lab-based
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designs may not represent the actual performance that would happen
on court. For instance, among temporal occlusion studies, it is common
to find relatively low percentages of successful decisions, with a success
rate from 61% to 78% when information is occluded at the moment of
impact (Balser et al., 2014; Cacioppo et al., 2014; Farrow et al., 2005;
Liu et al., 2017). Similarly, whilst some studies in that group (Table 1)
suggested tennis players anticipate the serve direction (Farrow &
Abernethy, 2003; Farrow & Reid, 2012; Jackson et al., 2009) actually
few of them analyzed the timing of preparatory movements (i.e., split-
step) due to the constrained unusual response of the players (see Avilés
et al, 2014; Uzu et al., 2009 for exceptions).

At this point, it is tempting to both compare the performance results
of the medium to low degree of representativeness studies (Table 1)
with high representative ones (Table 2), and associate anticipatory
behavior to the former and non-anticipatory behavior to the latter.
Even though when admitting that studies supporting anticipative be-
havior in the returners have been carried out under medium to low
representative conditions (e.g., Farrow & Reid, 2012), both the asso-
ciation and the comparison would be difficult to make and sustain.
First, studies within the medium to low representative group differ
among them in terms of focus of interest, design, sample expertise, as
well as in general findings. Moreover, the design restrictions in terms of
type of stimulus (e.g., light), type of response (e.g., verbal), or moment
of response (e.g., delayed) do not provide similar records as in situ
designs to be effectively compared.

4.2. Do expert players demonstrate anticipatory behavior when responding
under representative conditions?

To answer, we focus on those studies categorized with a high degree
of representativeness (Table 2). In none of the eight works with a high
degree of representativeness (Tables 2 and 3) were data found that
indicate that the tennis players demonstrate anticipatory behavior re-
garding the direction of the first serve (i.e. that they move laterally
before the server’s racquet-ball contact). In fact, the expert tennis
players move laterally above + 160 ms after the impact in more than
90% of cases (Triolet et al., 2013). Only in two representative studies
(Pizzinato, 1989; Triolet et al., 2013), is a spatial anticipation of the
returners mentioned, remarking that such instances represent a mar-
ginal percentage, and only during the second service.

It has also been observed that players carry out neutral preparatory
movements (with no lateral direction) before the impact, generally
upwards and forwards (i.e., the split step). Findings indicate that expert
players perform the split step take-off close to the server’s impact of the
ball (within 30 ms prior to racquet-ball contact; Avilés et al., 2002;
Avilés et al, 2006), whereas the lateral displacement towards the ball is
initiated around 200 ms after racquet-ball contact (Triolet et al., 2013;
Vaverka et al., 2003). Hence, expert returners seem to wait for the
server’s impact and first moments of ball flight before moving to either
side, which may indicate that they calibrate their actions to the evo-
lution of the informational variables (temporal and spatial information)
provided by the kinematics of the server and the trajectory of the ball
(Fajen, Riley, & Turvey, 2009). Yet, we cannot ignore the existence of
some influential factors on returning performance such as types of court
surface (Cui et al., 2018), the speed of the serve (Haake et al., 2000),
the situational probabilistic information (Farrow & Reid, 2012), the
returner’s past experience (Vernon et al., 2018) or the player’s own
capability (Dicks, Davids, & Button, 2010). Then, a question for future
research is to further understand how those aforementioned factors
might shape the expert tennis player’s temporalization of actions.

4.3. Methodological recommendations for future research
Firstly, the recommendations to be applied into new experimental

designs aiming to preserve a high degree of representativeness and to
accurately report the findings are derived from the inclusion criteria
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used for the present article as well as the quality assessment (Tables 2
and 3). In addition, we outline some aspects to be considered in future
research:

e To analyze the timing of several unfolding movements of the re-
turner using a wide time-scale, from the early preparatory move-
ments, to the split step, until the regulation of the return shot itself.
To record with a frequency equal to or higher than 200 Hz to not
compromise timing accuracy. In general, normal videos record at a
rate of 30 frames per second (fps), resulting in a lapse of 33.3 ms
between one frame and the next one. Taking into account that the
response time is found in time windows of 160-200 ms approxi-
mately, it seems somewhat imprecise to analyze the movement in
33.3ms intervals. Even more so in the case of analyzing early ad-
justments such as landing (i.e., timing differences in feet-ground
contact).
To consider as co-variable the speed of the serve in the case that
there are considerable differences between trials, both between
(different servers) and within participants (first and second serve).
e To register the anticipatory behavior (times, percentage of the cases)
and opponent-related measures (1st or 2nd serve, type of serve, etc.)
in such instances where the returner actually moves laterally before
the server's impact.
e To compare the magnitude of the response time in the successful
returns, unsuccessful returns and aces.

5. Conclusions

Research on tennis anticipation, particularly on the timing of re-
turning a first serve, has been a subject of interest over the past 40
years. This paper aimed to assess to what extent expert tennis players
demonstrate anticipatory behavior during the first serve return action
by moving towards either side before the server’s stroke. Since the lit-
erature has demonstrated that the degree of representativeness of the
experiential task design affect the performance of the players (Pinder
et al., 2009; Travassos et al., 2013; van der Kamp et al., 2008), we first
filtered and categorized the studies by the degree of representativeness
of the experimental task design employed. The systematic review re-
vealed that most of the published works (54 out of 62) have been
carried out under experimental conditions which do not adequately
represent the real scenario of the return action, and/or use a sample
with an insufficient level of expertise. Thus, data derived from these
studies (i.e., timing, success) should be considered with a certain
amount of caution when transferring those findings into training.

In order to answer the manuscript title’s question, we then con-
sidered those studies (8 out of 62) with a high degree of representa-
tiveness. The comprehensive analysis allows us to state that expert re-
turners perform the split-step around the time the servers impact the
ball, followed by a lateral displacement towards the direction of the
ball. That is, expert tennis players in representative conditions do not
demonstrate observable anticipatory behavior about the direction of the
serve. In other words, the findings suggest that expert tennis players do
not try to spatially anticipate the first serve but rather regulate their
actions upon the unfolding information regarding the kinematics of the
server and the first moments of ball flight.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.psychsport.2018.12.015.
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