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Abstract
Purpose To date, no study has investigated the extent to which sleep-wake behaviour (SWB) influences match performance in
junior tennis players. This study aimed to assess the influence of SWB for the week and night before on match performance,
particularly match analytics and activity.
Methods This study recruited 10 junior state grade tennis players who wore an actigraphy device and completed a sleep
diary for the week before their match on two separate occasions throughout their competition season. Players wore a global
positioning system device to track their movement during matches, and an experienced tennis coach recorded players' match
analytics.
Results This study showed that the sleep fragmentation index was significantly lower the week before matches in females
who had won than those who had lost. Additionally, the sleep fragmentation index was significantly lower the night before
a given match than the week before. Only sleep fragmentation index and sleep latency significantly influenced match performance in junior tennis players. The percentage of second serves points won differed between match wins and losses for
male players, while winners and forced errors differed for female players.
Conclusion These findings provide a detailed profile of tennis match play in junior state grade players. Despite individual
differences, reduced restlessness the night before a match coincides with increased match performance.
Keywords Sleep fragmentation · Tennis analytics · Global positioning system · Sleep quality · Sleep duration

Introduction
Emerging evidence indicates that sleep-wake behaviour
(SWB) influences athletes' match play and physical performance [12, 16, 32, 46]. Sleep-wake behaviour encompasses the sleep timing (sleep onset time [SOT]), duration
(total sleep time [TST]) and quality (sleep fragmentation
index [SFI], wake after sleep onset [WASO]) of a player
[16]. Despite the possible influence of sleep on specific
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performance variables, limited papers have investigated the
impact of SWBs on tennis performance [13, 31, 41, 49].
One potential mechanism that has been shown to impair
the performance of tennis skills (serve, forehand and backhand accuracy) is a night of sleep loss in junior and young
adult players [41, 49]. However, sleep restriction protocols
employed by these studies have only been done the night
before testing [41, 49], which lacks ecological validity. Lever
et al. [31] is the only study, to date, to investigate the influence sleep has on tennis match performance,finding that
despite improved sleep duration following sleep hygiene
education, tennis match results (games won/lost) did not
significantly change.
Studies in professional and semi-professional basketball
players have reported longer TST, time in bed (TIB), and
superior subjective sleep quality are positively associated
with basketball performance metrics [16, 46]. However, similar associations have not been observed between SWB and
performance metrics in Australian football players [42], indicating that the influence of SWB may vary between sports.
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Furthermore, while the consequences of complete sleep deprivation on athletic performance are well known, the exact
influence of sleep restriction, which is more prevalent in
tennis players, is less clear [17]. It appears that detriments
in sporting performance following sleep restriction may be
attributed to declines in neurocognitive performance, but
further studies are required to ascertain the exact impacts
of sleep [17]
Existing literature indicates that sleep may be disrupted
the night before competition due to performance anxiety
[28]. Compensatory sleep (appropriate sleep duration and
quality) the week before may reduce any adverse effects of
one poor night of sleep [10, 12]; however, this needs to be
more thoroughly investigated. In particular, there is a need
to investigate further how uninterrupted SWB the night
before a match and the week before a match impacts tennis match performance. These studies are especially important for teenagers, with current recommendations from the
National Sleep Foundation that teenagers require 8 to 10
hours of sleep each night for optimal physical, cognitive
and emotional health [22]. However, education, social and
sporting commitments may negatively impact sleep duration, making it difficult for optimal tennis performance to
be achieved [2, 4].
The dominant metric to assess tennis match play performance is player rankings [21, 47], predicated on the outcome
of matches. However, this simple metric may not provide
complete insight into performance as it does not explain
technical, tactical (match analytics) or physical (match activity) outcomes. Therefore, match analytics are commonly
undertaken and explored as they provide a more detailed
insight into overall performance [15, 20]. Match analytics
reveal performance trends, including serving percentages,
the number of winners or unforced errors, and the percentage of points won of varying rally lengths (0–1 shots, 2–5
shots), which players and coaches can use to adapt training
and match tactics. Furthermore, the identification of superior
tennis performance through match analytics, such as higher
percentage of serve and points won at various rally lengths
can be used to predict current and future success of players
[39, 51].
Tennis match activity profiles are vital when monitoring
players' physical demands or designing training programs
[18, 23, 36]. Furthermore, they may enable small variances in performance, perhaps due to fatigue, that is not
reflected in the match result to be identified [25]. There is
conflicting evidence around the use of global positioning
system (GPS) devices to measure tennis activity. One of
the initial studies conducted with GPS devices in tennis
reported an underestimation of players' distance covered
and movement speed [9]. Studies using newer GPS devices
recording at higher frequencies have had equivocal findings with some, but not all [48], studies showing that they
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are reliable and valid over short distances when accelerations are < 4 m/s2 [1, 5]. Nevertheless, numerous studies
have employed GPS devices to measure activity during
tennis matches in junior (< 18 years) tennis players, with
conflicting findings [18, 23, 24, 36]. Higher-ranked players
have been shown to cover more distance and attain higher
max speed [18]. However, no difference in match activity
has been observed between players who win or lose [23,
24]. While informative, these studies did not concurrently
evaluate match analytics and activity, which may explain
potential variation in speed reached or distance covered
by a player. For example, if fewer winners and errors are
made and longer rally lengths are observed, the distance
covered by a player will be more.
This study aimed to (i) describe the SWB before a
competitive tennis match, including the week and night
before the match, (ii) quantify the tennis match analytics
and activity, and (iii) investigate the influence of SWBs,
the week and night before a tennis match, on match performance. It was hypothesised that an increase in total sleep
time, by way of an earlier sleep onset time (SOT), and low
sleep disturbances will positively influence tennis match
play performance (i.e., a greater percentage of points won)
in junior state grade players.

Methods
Participants
Ten state grade adolescent players volunteered to participate in this study. Players competed in the junior state
grade tennis competition, the highest grade of junior (16
and under) tennis in Western Australia and were required
to train a minimum of once per week during the study
period. Nine (n = 9) players completed the testing requirements, of which four were male. One player could not
complete their second testing period due to unforeseen
circumstances outside of the testing period. Player demographic information is presented in Table 1. Written
informed consent was provided from their guardians on
study enrolment. All research procedures were conducted
in accordance with the Declaration of Helsinki.

Table 1  Player demographic information presented as mean ± SD
(range)
Age (years)

Tennis experience
(years)

13.6 ± 1.1 (11–15) 6.4 ± 2.4 (2–10)

Tennis training/play per
week (hours)
11.3 ± 2.2 (8–15)

Journal of Science in Sport and Exercise

Experimental Design
An observational study design over two analysis periods, each seven days/nights in duration, was employed to
determine the influence of SWB on tennis match performance. During these analysis periods, the SWB of players were monitored, using a sleep diary and a wrist-worn
activity monitor, for seven nights leading up to a state
grade competition match. The analysis period commenced
on a Sunday night; school was attended for five of the
seven recorded nights (Monday to Friday), with all tennis
matches taking place on the subsequent Sunday morning.
Match performance was assessed via the match result,
analytics (e.g., winners and unforced errors) and activity (e.g., distance covered and max speed). Additionally,
the years of tennis experience and hours of tennis training performed during the week were also collected. Male
competition matches were the best of three tie-break sets,
while female matches were two tie-break sets with a match
tie-break at one set all. Therefore, males and females were
analyzed separately. The research team met with players
one week before their competition match to provide them
with a sleep diary and wrist-worn activity monitor. The
research team then followed up with participants before
their match to collect their sleep diary and wrist-worn
activity monitor and provide them with their global positioning system (GPS) vest and unit for the match (see
Fig. 1). The match was then video recorded so match

analytics could be performed later by an experienced tennis coach.

Measures
Sleep–Wake Behaviour
Sleep-wake behaviours were monitored for seven days/nights
leading up to the match. The Consensus Sleep Diary and a
wrist-worn activity monitor (GT3X, Actigraph, FL, USA)
were used to record SWB data [33].
The Consensus Sleep Diary consists of 21 questions
designed to assess sleep-wake timings, subjective sleep quality and sleep influencing factors, such as alcohol, caffeine
and medications, of the players [3, 8].
Players were asked to wear a wrist-worn activity monitor,
on their non-dominant wrist, from 30 min before periods
of sleep until 30 min after their final awakening. Data were
recorded at 60 Hz and analyzed using the Actilife software
(Actilife version 6.13.4, Actigraph, FL, USA). The ColeKripke sleep/wake algorithm calculated sleep metrics based
on the recorded accelerometer data [7]. The sleep periods
were identified from data attained from the Consensus Sleep
Diary and manually entered into the Actilife software. This
method of determining SWB has been validated against
polysomnography (PSG) to use with adolescents [38]. The
SWB metrics attained include time at lights out (TALO),
sleep latency (SL), SOT, WASO, SFI, TST, TIB, sleep

Fig. 1  The experimental design of the research study, the procedure that each player performed at two-time points during their competition season
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efficiency (SE) and TAW, with a detailed description of
all variables provided in Table S1A. The GT3X Actigraph
device has been shown to have an accuracy of 82% compared
to PSG [6]. However, it should be noted that SL, WASO
(total number of minutes awake after sleep onset) and SE
have shown moderate reliability with PSG and should be
interpreted with caution [6, 11].

and a description of each can be seen in Table S1C. The
following velocity categories were used when assessing the
distance in each zone: 0–1 m/s; 1–2 m/s; 2–3 m/s; 3–4 m/s
and ≥ 4 m/s, as per previous literature with adolescent players [23].

Chronotype

A Shapiro-Wilk test was used to check data distribution.
Data were normally distributed and therefore reported as
mean ± SD, effect sizes and ranges. An Independent Samples T-Test was used to identify within-sex differences in
SWB, match analytics and match activity variables between
match wins or losses. A Paired Samples T-Test was used to
compare SWB metrics for the week and night before the tennis match. Effect sizes were estimated using Cohens d and
interpreted as follows: trivial 0.0–0.2, small 0.2–0.6, moderate 0.6–1.2, large 1.2–2.0, and very large > 2.0 [49]. Withinsex linear regression analyses were performed to determine
the influence of SWB metrics, the night prior and the week
prior (as averages), on match performance metrics.

Chronotype was determined using the midsleep time of
participants for the week leading up to match play. Midsleep on free days with a sleep correction (MSFscn) is a
valid calculation for measuring chronotype and is outlined
in Eq. (1) [26, 27, 43]. Players were grouped into one of the
following chronotypes based on their MSFscn: extremely
early (≤ 1:59), moderately early (2:00–2:59), slightly
early (3:00–3:59), intermediate (4:00–4:59), slightly late
(5:00–5:59), moderately late (6:00–6:59) or extremely late
(≥ 7:00) [26].
)
(
TSTf − TST
Case1 ∶ TSTf > TSTw → MSF −
2

Case2 ∶ TSTf < TSTw → MSF

(1)

Match Analytics
Video recordings of the tennis matches were reviewed, and
match analytics were scored by an experienced tennis coach
with over ten years of coaching experience, using a tennis
scoring and statistics tracker (Tennis Math, application version 3.1.0). Match analytics included for analysis, along with
a description, are provided in Table S1B.
Match Activity
Tennis match activity was assessed using GPS devices
(EVO device, GPSports, ACT, Australia). GPS devices were
recorded at a frequency of 10 Hz. These devices contain
a tri-axial accelerometer which records at a frequency of
100 Hz. While the underestimation of distance covered and
movement speed have been reported [48], similar devices
and recording frequencies have previously been used and
shown to be reliable and accurate with tennis-specific movements [18, 19]. The GPS device was placed in a GPS vest,
positioned on the upper back between the scapulae. The GPS
device was switched on at least 10 min before the match to
obtain clear satellite signals [23, 24]. The duration of the
match activity was from the start of the first point until the
completion of the final point, with all points and rest periods
included. The match activity variables included for analysis
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Statistical Analysis

Results
Sleep
Overall, in the week leading up to matches, players
TALO was 21:45 (± 40 min), with SOT occurring at
21:54 (± 44 min); thus, players had an average SL of
9 ± 7 min. Players TAW was 6:36 (± 31 min), and they had
64 ± 19 min of WASO. Players spent 530 ± 27 min in bed
and had an average TST of 457 ± 26 min. Players had a SE of
86% ± 4% and an SFI of 28% ± 7% for the week. The MSFscn chronotype calculation resulted in five extreme morning
types, three moderate morning types and one slight morning
type.
When comparing the SWB metrics for the night before
matches with the average of the week before (nights 1–7)
matches, there were no statistical differences found for any
measure, except for SFI, which was lower by 19% ± 2%
(P < 0.001, d = 2.683) the night before matches.
As presented in Fig. 2, no significant differences were
observed in SWB before matches regardless of the match
result in male junior state grade players. The average SFI for
the week before matches was lower by 9% ± 3% (P = 0.01,
d = 2.122) in females who won, compared to females who
lost.

Match Analytics
The differences in tennis match analytics for males and
females who won and lost are displayed in Table 2. The

Journal of Science in Sport and Exercise

Fig. 2  The differences in sleep-wake behaviour between match wins
and losses for male and female players. The means are indicated by
a circle for males and a square for females, with standard deviations

provided with capped error bars. Females' data are illustrated in grey
with a dashed line for clarity. *Significance (P < 0.05)

percentage of total points won differed between matches
won and lost for both males and females. Males who won
their match won more second serve points (P = 0.013,
d = 2.467) and rallies between two and five strokes
(P = 0.012, d = 2.163). Females who won hit more winners (P = 0.033, d = 1.633), made less forced errors
(P = 0.012, d = 2.042) and won a greater percentage of
rallies with one stroke (P = 0.013, d = 1.997).

Associations

Match Activity
The differences in tennis match activity metrics for males
and females who won and lost are presented in Table 3.
Males who won covered less (P = 0.049, d = 1.481) distance in zone 4 (3–4 m/s) compared to males who lost.
Females who won had a higher max speed (P = 0.049,
d = 1.460) than those who lost.

As seen in Fig. 3, males who have a one percent increase in
SFI for the night before their tennis matches increased the
percentage of second serve points won by 0.68% (SE = 0.23,
P = 0.030). Females who have a one-minute increase in SL
for the night before their tennis matches increased the percentage of total points by 0.9% (SE = 0.35, P = 0.034), second serve points by 1.47% (SE = 0.6, P = 0.041) and second
serve receiving points won by 1.48% (SE = 0.59, P = 0.037),
which can be seen in Fig. 3.

Individual Player Reports
Individual player reports, including match performance and
SWB metrics and specific descriptions and recommendations, are presented in Fig. S1A–S1I of the supplementary
file. The player reports show that only two players (players
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Table 2  Match analytics for the
tennis match wins and losses

Parameters
Males
TPW (%)
W (%)
UE (%)
FE (%)
FSIP (%)
Aces (#)
DF (#)
FSPW (%)
SSPW (%)
SSRPW (%)
0–1 (%)
2–5 (%)
6–10 (%)
10 + (%)
Females
TPW (%)
W (%)
UE (%)
FE (%)
FSIP (%)
Aces (#)
DF (#)
FSPW (%)
SSPW (%)
SSRPW (%)
0–1 (%)
2–5 (%)
6–10 (%)
10 + (%)

Wins

Losses

95% CI

P-value

Effect size

57.77 ± 2.2
7.63 ± 1.16
18.91 ± 8.74
11.06 ± 2.51
71.0 ± 4.36
0.33 ± 0.58
2.33 ± 2.52
61.0 ± 3.61
60.0 ± 4.0
53.0 ± 10.44
64.29 ± 5.95
54.53 ± 2.81
49.52 ± 8.28
53.33 ± 41.63

45.81 ± 2.09
9.88 ± 4.03
17.65 ± 8.64
17.17 ± 4.99
62.8 ± 7.16
0.2 ± 0.45
6.2 ± 4.09
54.2 ± 2.59
48.0 ± 5.24
44.6 ± 9.15
51.42 ± 11.45
43.02 ± 6.21
47.19 ± 10.64
35.17 ± 35.45

[ 7.64 to 16.27]
[−7.19 to 2.7]
[−15.92 to 18.44]
[−12.64 to 0.4]
[−1.79 to 18.19]
[−1.01 to 1.28]
[−9.6 to 1.86]
[−0.44 to 14.04]
[ 3.72 to 20.28]
[−12.12 to 28.92]
[−2.22 to 27.96]
[ 3.59 to 19.43]
[−14.7 to 19.36]
[−63.81 to 100.14]

0.001
0.295
0.852
0.061
0.091
0.751
0.149
0.059
0.013
0.315
0.082
0.012
0.743
0.564

5.617
0.670
0.145
1.414
1.289
0.270
1.062
2.292
2.467
0.875
1.293
2.163
0.235
0.483

Very Large
Moderate
Trivial
Large
Large
Small
Moderate
Very Large
Very Large
Moderate
Large
Very Large
Small
Small

58.25 ± 4.79
14.11 ± 6.24
25.09 ± 5.57
10.82 ± 4.31
63.0 ± 7.75
0.8 ± 0.84
5.0 ± 2.35
62.2 ± 5.17
67.4 ± 16.89
55.4 ± 17.37
59.09 ± 5.73
58.38 ± 8.56
56.03 ± 7.31
52.0 ± 50.2

45.29 ± 9.1
6.61 ± 1.81
27.94 ± 8.88
17.52 ± 1.71
61.0 ± 8.8
0.2 ± 0.45
7.8 ± 1.79
53.8 ± 10.28
55.2 ± 14.81
44.6 ± 9.15
45.23 ± 7.97
46.74 ± 10.41
44.62 ± 8.54
35.56 ± 41.13

[ 2.36 to 23.57]
[ 0.8 to 14.2]
[−13.66 to 7.96]
[−11.48 to −1.92]
[−10.09 to 14.09]
[−0.38 to 1.58]
[−5.84 to 0.24]
[−3.47 to 20.27]
[−10.96 to 35.36]
[−4.08 to 37.68]
[ 3.74 to 23.98]
[−2.26 to 25.54]
[−0.18 to 23.01]
[−50.48 to 83.37]

0.022
0.033
0.560
0.012
0.713
0.195
0.067
0.141
0.259
0.101
0.013
0.090
0.053
0.587

1.783
1.633
0.384
2.042
0.241
0.894
1.342
1.032
0.768
1.173
1.997
1.222
1.436
0.358

Large
Large
Small
Very Large
Small
Moderate
Large
Moderate
Moderate
Moderate
Large
Large
Large
Small

one and four) had matches where their sleep scores for the
week were below 50% (indicative of poor sleep). While two
players (players three and nine) had matches where their
sleep score for the week was above 75% (indicative of very
good sleep).

Discussion
This is the first study to investigate the influence of SWB
on tennis match performance. Furthermore, it is the first
study to simultaneously quantify junior state grade players'
match analytics and activity. This study found a relationship
between SFI for the night before a match and the percentage of second serve points won in male junior players. The
direction of this relationship was unexpected, with greater
sleep disruption for the night before a match being related
to an increase in the percentage of second serve points won.
This finding aligns with previously reported associations
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between movement and fragmentation indices and basketball
analytics. The authors surmised that the observed restlessness might not be associated with actual sleep disturbances
[16]. Alternatively, the recorded SFI for the night before
the matches were not high enough to impact performance.
Specifically, even though higher SFI values were related to
a greater percentage of second serve points won, the SFI for
all players for the night before the matches were still very
low. The relationship found between sleep latency and match
performance in female junior players should be interpreted
with caution due to the known limitations of actigraphy in
recording sleep latency, as it relies on subjective reporting
of TALO via a sleep diary [6, 11].
Interestingly, SFI was the only SWB metric to differ significantly the night before the match, and between match
wins and losses in female junior players, with players who
won having a lower SFI percentage. Existing research with
adolescents has reported poor sleep quality and duration as a
result of increases in school homework (potentially excessive

Journal of Science in Sport and Exercise
Table 3  Match activity metrics
for the tennis match wins and
losses

Parameters Wins
Males
ALDI (#)
TD (m)
DZ1 (%)
DZ2 (%)
DZ3 (%)
DZ4 (%)
DZ5 (%)
MS (m/s)
AS (m/s)
HSE (#)
MA (m/s2)
MD (m/s2)
Females
ALDI (#)
TD (m)
DZ1 (%)
DZ2 (%)
DZ3 (%)
DZ4 (%)
DZ5 (%)
MS (m/s)
AS (m/s)
HSE (#)
MA (m/s2)
MD (m/s2)

Losses

95% CI

P-value Effect size

5.16 ± 0.3
3845.11 ± 362.97
63.93 ± 7.69
20.58 ± 7.36
10.78 ± 1.03
4.22 ± 0.26
0.42 ± 0.28
5.15 ± 0.09
0.86 ± 0.05
60.0 ± 5.29
2.94 ± 0.24
−3.29 ± 0.62

5.03 ± 0.17
4792.17 ± 1436.24
71.93 ± 8.89
12.23 ± 7.01
9.32 ± 1.3
5.53 ± 1.07
0.71 ± 0.44
5.65 ± 0.74
0.82 ± 0.07
88.0 ± 33.32
3.41 ± 0
−3.69 ± 0

[−0.5 to 0.76]
[−2707.16 to 813.03]
[−23.4 to 7.39]
[−6.11 to 22.8]
[−0.65 to 3.56]
[−2.62 to 0]
[−0.92 to 0.35]
[−1.41 to 0.42]
[−0.06 to 0.14]
[−69.01 to 13.01]
–
–

0.544
0.222
0.238
0.187
0.137
0.049
0.310
0.211
0.354
0.134
–
–

0.586
0.795
0.941
1.170
1.196
1.481
0.721
0.815
0.650
1.023
–
–

Small
Moderate
Moderate
Moderate
Moderate
Large
Moderate
Moderate
Moderate
Moderate
–
–

5.48 ± 0.23
3040.94 ± 1142.63
69.11 ± 4.98
19.93 ± 4.21
7.97 ± 0.79
2.81 ± 0.73
0.16 ± 0.14
4.52 ± 0.39
0.69 ± 0.04
29.2 ± 8.79
2.79 ± 0.28
−3.14 ± 0.23

5.18 ± 0.51
3418.35 ± 928.51
76.37 ± 9.37
14.07 ± 9.22
7.29 ± 1.22
2.24 ± 0.9
0.03 ± 0.07
4.0 ± 0.31
0.64 ± 0.09
30.2 ± 11.52
2.71 ± 0.2
−2.94 ± 0.31

[−0.28 to 0.87]
[−1895.77 to 1140.96]
[−18.19 to 3.69]
[−4.59 to 16.31]
[−0.83 to 2.17]
[−0.62 to 1.77]
[−0.03 to 0.29]
[0 to 1.04]
[−0.05 to 0.15]
[−15.94 to 13.94]
[−0.3 to 0.46]
[−0.67 to 0.26]

0.269
0.582
0.165
0.232
0.332
0.300
0.104
0.049
0.288
0.881
0.634
0.323

0.751
0.363
0.967
0.818
0.653
0.701
1.158
1.460
0.719
0.098
0.321
0.760

Moderate
Small
Moderate
Moderate
Moderate
Moderate
Moderate
Large
Moderate
Trivial
Small
Moderate

screen time) or after school sport (high-intensity exercise
near bedtime or change in regular time bedtime [TALO]) [2,
4]. The absence of school the day before the matches may
have resulted in the decrease in SFI, with players able to
follow better sleep hygiene practices [50]. This supposition
does, however, require further investigation. Nevertheless,
increased restlessness, indicated by higher SFI, significantly
impacts the match result, which is the primary performance
outcome in female junior players.
The sleep duration reported in this study was, on average,
7 h 37 min. Previous studies on tennis players have reported
equivalent or higher sleep durations than those from this
study [31, 41, 49]. Sleep duration is of interest given that
longer TST has been shown to improve tennis serve accuracy
[44], which is vital given the known importance of the serve
on match performance [39, 51]. This study observed no difference in TST between match wins and losses. Similarly,
a recent study on junior tennis players found TST did not
improve the number of games won and lost or the subjective player ratings [31]. This finding was also observed in
semi-professional basketball players, with TST not influencing performance [16]. The reported findings from this and
previous studies may be due to players receiving, on average,

greater than seven hours of sleep per night, which according
to the National Sleep Foundation (NSF), may be appropriate
for the age groups included [22].
To date, research on the match analytics of players has
predominately focused on professional level players [35,
40]. While intriguing, these metrics are not applicable for
the younger generation of players who are not yet full-time
athletes [14, 30]. As expected in junior state grade players, the percentage of total points won was significantly
higher for match wins for males and females. In agreement
with previous research in professional male players [39],
the percentage of second serve points won was significantly
higher for match wins in male junior players, emphasising the importance of the serve in male tennis. Winning
a higher percentage of rallies that last two to five strokes
was also significantly higher for match wins in male junior players. This is of great importance as most rallies will
be in this bracket, with the average rally length reported in
junior and senior (professional) men's tennis being 4.7 and
3.4 strokes, respectively [14]. Interestingly, this was not the
case for female junior players. Our results show the percentage of rallies won that were one stroke in length were
the most significant despite previous findings that females
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Fig. 3  Relationship between sleep fragmentation index the night
before the match and 2nd serve points won in males (A), sleep
latency the night before the match and total points won (B), 2nd serve

points won (C), and 2nd serve receiving points won (D) in females.
Data presented as β, SE, (95% CI), P-value

have longer rallies than males [35]. The number of winners hit and forced errors made were also higher and lower,
respectively, in junior female players who won, indicating
an aggressive style of play.
Previous work investigating the match activity of male
junior players found no significant differences in any match
activity variables between match wins and losses [23, 29].
Our results contrast this earlier finding. In particular, our
results show that match wins were associated with a lower
percentage of distance covered between 3 and 4 m/s for male
junior players. This conflict in findings may be attributed to
the difference in court surfaces, with previous studies being
played on clay and not hard court [23, 29]. Differences in
players' playing style (aggressive vs. defensive) or that data
in this study were collected during state league competitions
and not simulated match play could explain the discrepancy
in findings [34].
Furthermore, match wins were associated with a significantly greater maximal running speed in female junior players. This finding aligns with previous research by
Galé-Ansodi et al. [18], who reported significantly higher
maximal running speed in higher, compared to lower, ranked
male and female players. While not significant, it is worth
noting that the total distance covered was lower for male
and female players that won their match. This finding is of
interest given recent results from Filipcic et al. [14], showing
that professional level players cover less distance than junior

players due to increased shot speeds and shorter distances
between the two players. These findings may aid coaches
and players when planning training sessions. However, further research is still required to determine the most influential match activity metrics for successful tennis match
performance.
The individual player reports developed in this study
are a novel approach that demonstrates how the collected
SWB data can be communicated in a practical setting.
While group-level statistics are warranted and relevant for
the advancement of science, they do not always accurately
represent SWB at an individual or player level, which is
relevant to coaches [45]. Individual player reports provide
greater insight into the collected data, and studies should
aim to report both individual and group level data in the
future. Additionally, the player reports, including the NSF
recommendations and calculated sleep scores, can be used
as a practical tool for coaches to quickly and easily check a
player's SWB leading up to or following a match.
While similar to previous studies [36, 37], this study
included a relatively small sample of players. However, it
is noteworthy that players in this study undertook multiple matches, which improves the reliability of these findings. Second, while all players shared a similar ranking,
players' technical and physical attributes likely differed,
which could have influenced match analytics and activity
profiles. The level of the players in this sample may impact
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the transferability of the results to other players of a higher
standard and who have greater training demands. Third, the
court surface and environmental conditions could not be
controlled; however, the matches followed the league rules
and regulations, including suspension of play in extreme
heat or rain. Additionally, players collected their tennis balls
between points during the match, which may have increased
the distance covered and decreased the average player's
speed. Fourth, seven nights of sleep monitoring were conducted on two separate occasions during the season for each
player, with match data collected for 18 matches (eight male
and ten female). It is noteworthy that the collected sleep data
may not be enough of a sample to demonstrate a behaviour
but rather just an indication of sleep-wake activities leading
up to competitive tennis matches. Finally, SL, WASO and
SE measured with actigraphy have only shown moderate
reliability compared to PSG, and therefore should be interpreted with caution.
Despite these limitations, this study showed sleep quality,
specifically lower SFI, was the only metric to differ the night
before matches and that it positively impacts the match result
in female junior players. Future research is needed to confirm these preliminary findings and determine how increased
sleep restlessness impacts tennis match play performance.
Additionally, future research should explore the influence
of individuals chronotypes and the time of the match on the
relationship between sleep and tennis performance.

Conclusion
This study provides preliminary evidence that tennis match
play performance is affected by sleep quality, particularly
the level of restlessness the night before the match. The percentage of restlessness indicated by the SFI was also the
only SWB metric to improve the night before matches compared to the average of the week. These findings suggest that
players should reduce potential disturbances and optimise
their sleep hygiene to achieve the best sleep quality possible,
especially the night before their matches.
Supplementary Information The online version contains supplementary material available at https://d oi.o rg/1 0.1 007/s 42978-0 22-0 0177-x.
Acknowledgements The authors would like to thank the players and
their guardians and the tennis clubs and coaches for their assistance in
producing this research study.
Author contributions All authors contributed to the study conception
and design. Material preparation and data collection were performed
by Mitchell Turner and Philipp Beranek. Data analysis was performed
by Mitchell Turner, Ian Dunican and Travis Cruickshank. The first
draft of the manuscript was written by Mitchell Turner, and all authors
commented on previous versions of the manuscript. All authors read
and approved the final manuscript.

Funding Open Access funding enabled and organized by CAUL and
its Member Institutions. The authors declare that no funds, grants, or
other support were received during the preparation of this manuscript.
Data availability All data generated or analysed during this study are
included in this published article and its supplementary information
files.

Declarations
Competing interests The authors have no relevant financial or nonfinancial interests to disclose.
Ethics approval This study was performed in line with the principles of
the Declaration of Helsinki. Approval was granted by the Edith Cowan
University Human Research Ethics Committee (ID: 00673).
Consent to participate Informed consent was obtained from all participants included in the study and their parents.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References
1. Akenhead R, French D, Thompson KG, Hayes PR. The acceleration dependent validity and reliability of 10 Hz GPS. J Sci Med
Sport. 2014;17(5):562–6. https://d oi.o rg/1 0.1 016/j.j sams.2 013.0 8.
005.
2. Cain N, Gradisar M. Electronic media use and sleep in school-aged
children and adolescents: a review. Sleep Med. 2010;11(8):735–
42. https://doi.org/10.1016/j.sleep.2010.02.006.
3. Carney CE, Buysse DJ, Ancoli-Israel S, Edinger JD, Krystal AD,
Lichstein KL, Morin CM. The consensus sleep diary: standardizing prospective sleep self-monitoring. Sleep. 2012;35(2):287–302.
https://doi.org/10.5665/sleep.1642.
4. Carskadon MA. Sleep in adolescents: the perfect storm. Pediatr
Clin North Am. 2011;58(3):637–47. https://d oi.o rg/1 0.1 016/j.p cl.
2011.03.003.
5. Castellano J, Casamichana D, Calleja-González J, Román JS,
Ostojic SM. Reliability and accuracy of 10 Hz GPS devices for
short-distance exercise. J Sports Sci Med. 2011;10(1):233–4.
6. Cellini N, Buman MP, McDevitt EA, Ricker AA, Mednick SC.
Direct comparison of two actigraphy devices with polysomnographically recorded naps in healthy young adults. Chronobiol
Int. 2013;30(5):691–8. https://doi.org/10.3109/07420528.2013.
782312.
7. Cole RJ, Kripke DF, Gruen W, Mullaney DJ, Gillin JC. Automatic sleep/wake identification from wrist activity. Sleep.
1992;15(5):461–9. https://doi.org/10.1093/sleep/15.5.461.
8. Dietch JR, Taylor DJ. Evaluation of the consensus sleep diary
in a community sample: comparison with single-channel

13

Journal of Science in Sport and Exercise

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

electroencephalography, actigraphy, and retrospective questionnaire. J Clin Sleep Med. 2021;17(7):1389–99. https://doi.org/10.
5664/jcsm.9200.
Duffield R, Reid M, Baker J, Spratford W. Accuracy and reliability of GPS devices for measurement of movement patterns
in confined spaces for court-based sports. J Sci Med Sport.
2010;13(5):523–5. https://doi.org/10.1016/j.jsams.2009.07.003.
Dunican IC, Higgin CC, Murray K, Jones MJ, Dawson B, Caldwell JA, Halson SL, Eastwood PR. Sleep patterns and alertness
in an elite super rugby team during a game week. J Hum Kinet.
2019;67(1):111–21. https://doi.org/10.2478/hukin-2018-0088.
Dunican IC, Murray K, Slater JA, Maddison KJ, Jones MJ,
Dawson B, Straker LM, Caldwell JA, Halson SL, Eastwood PR.
Laboratory and home comparison of wrist-activity monitors and
polysomnography in middle-aged adults. Sleep Biol Rhythms.
2018;16(1):85–97. https://doi.org/10.1007/s41105-017-0130-x.
Eagles A, McLellan C, Hing W, Carloss N, Lovell D. Changes in
sleep quantity and efficiency in professional rugby union players
during home based training and match play. J Sports Med Phys
Fitness. 2014. Online ahead of print.
Edinger JD, Marsh GR, McCall WV, Erwing CW, Lininger AW.
Daytime functioning and nighttime sleep before, during, and after
a 146-hour tennis match. Sleep. 1990;13(6):526–32. https://doi.
org/10.1093/sleep/13.6.526.
Filipcic A, Leskosek B, Crespo M, Filipcic T. Matchplay characteristics and performance indicators of male junior and entry professional tennis players. Int J Sports Sci Coach. 2021;16(3):768–
76. https://doi.org/10.1177/1747954120988002.
Fitzpatrick A, Stone JA, Choppin S, Kelley J. Important performance characteristics in elite clay and grass court tennis matchplay. Int J Perform Anal Sport. 2019;19(6):942–52. https://doi.
org/10.1080/24748668.2019.1685804.
Fox JL, Stanton R, Scanlan AT, Teramoto M, Sargent C. The
association between sleep and in-game performance in basketball
players. Int J Sports Physiol Perform. 2021;16(3):333–41. https://
doi.org/10.1123/ijspp.2020-0025.
Fullagar HH, Skorski S, Duffield R, Hammes D, Coutts AJ, Meyer
T. Sleep and athletic performance: the effects of sleep loss on
exercise performance, and physiological and cognitive responses
to exercise. Sports Med. 2015;45(2):161–86. https://doi.org/10.
1007/s40279-014-0260-0.
Galé-Ansodi C, Castellano J, Usabiaga O. Physical profile of
young tennis players in the tennis match-play using global positioning systems. J Phys Educ Sport. 2017;17(2):826–32. https://
doi.org/10.7752/jpes.2017.02126.
Galé-Ansodi C, Langarika-Rocafort A, Usabiaga O, Paulis JC.
New variables and new agreements between 10 Hz global positioning system devices in tennis drills. Proc Inst Mech Eng P J
Sport Eng Technol. 2016;230(2):121–3. https://doi.org/10.1177/
1754337115622867.
Gescheit DT, Duffield R, Skein M, Brydon N, Cormack SJ, Reid
M. Effects of consecutive days of match play on technical performance in tennis. J Sports Sci. 2017;35(20):1988–94. https://doi.
org/10.1080/02640414.2016.1244352.
Girard O, Millet GP. Physical determinants of tennis performance in competitive teenage players. J Strength Cond Res.
2009;23(6):1867–72. https://doi.org/10.1519/JSC.0b013e3181
b3df89.
Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, Doncarlos L, Hazen N, Herman J, Katz ES, Kheirandish-Gozal L,
Neubauer DN, O’Donnell AE, Ohayon M, Peever J, Rawding R,
Sachdeva RC, Setters B, Vitiello MV, Ware JC, Adams Hillard
PJ. National Sleep Foundation’s sleep time duration recommendations: methodology and results summary. Sleep Health.
2015;1(1):40–3. https://doi.org/10.1016/j.sleh.2014.12.010.

13

23. Hoppe MW, Baumgart C, Bornefeld J, Sperlich B, Freiwald J,
Holmberg HC. Running activity profile of adolescent tennis players during match play. Pediatr Exerc Sci. 2014;26(3):281–90.
https://doi.org/10.1123/pes.2013-0195.
24. Hoppe MW, Baumgart C, Freiwald J. Do running activities of
adolescent and adult tennis players differ during play? Int J Sports
Physiol Perform. 2016;11(6):793–801. https://doi.org/10.1123/
ijspp.2015-014110.1123/ijspp.2015-0141.
25. Izzo R, Santi L, Hosseini Varde’i C. Fatigue: the consequences of
a tennis match, determined by 20 Hz GPS. Int J Phys Educ Sports
Health. 2018;5(1):89–92.
26. Juda M. The importance of chronotype in shift work research.
Ludwig-Maximilians-Universität München. 2010. https://edoc.
ub.uni-muenchen.de/11814/1/Juda_Myriam.pdf.
27. Juda M, Vetter C, Roenneberg T. The Munich ChronoType
Questionnaire for shift-workers (MCTQShift). J Biol Rhythms.
2013;28(2):130–40. https://doi.org/10.1177/0748730412475041.
28. Juliff LE, Halson SL, Peiffer JJ. Understanding sleep disturbance
in athletes prior to important competitions. J Sci Med Sport.
2015;18(1):13–8. https://doi.org/10.1016/j.jsams.2014.02.007.
29. Kilit B, Arslan E. Physiological responses and time-motion
characteristics of young tennis players: comparison of serve
vs. return games and winners vs. losers matches. Int J Perform
Anal Sport. 2017;17(5):684–94. https://doi.org/10.1080/24748
668.2017.1381470.
30. Kovalchik SA, Reid M. Comparing matchplay characteristics
and physical demands of junior and professional tennis athletes
in the era of big data. J Sports Sci Med. 2017;16(4):489–97.
31. Lever JR, Murphy AP, Duffield R, Fullagar HHK. A combined
sleep hygiene and mindfulness intervention to improve sleep
and well-being during high-performance youth tennis tournaments. Int J Sports Physiol Perform. 2021;16(2):250–8. https://
doi.org/10.1123/ijspp.2019-1008.
32. Mah CD, Mah KE, Kezirian EJ, Dement WC. The effects of
sleep extension on the athletic performance of collegiate basketball players. Sleep. 2011;34(7):943–50. https://doi.org/10.
5665/SLEEP.1132.
33. Morgenthaler T, Alessi C, Friedman L, Owens J, Kapur V, Boehlecke B, Brown T, Chesson A Jr, Coleman J, Lee-Chiong T,
Pancer J, Swick TJ. Practice parameters for the use of actigraphy in the assessment of sleep and sleep disorders: an update for
2007. Sleep. 2007;30(4):519–29. https://doi.org/10.1093/sleep/
30.4.519.
34. Murphy AP, Duffield R, Kellett A, Reid M. A comparison of the
perceptual and technical demands of tennis training, simulated
match play, and competitive tournaments. Int J Sports Physiol Perform. 2016;11(1):40–7. https://d oi.o rg/1 0.1 123/ijspp.
2014-0464.
35. O’ Donoghue P, Ingram B. A notational analysis of elite tennis
strategy. J Sports Sci. 2001;19(2):107–15. https://d oi.o rg/1 0.1 080/
026404101300036299.
36. Pereira LA, Freitas V, Moura FA, Aoki MS, Loturco I, Nakamura
FY. The activity profile of young tennis athletes playing on clay
and hard courts: preliminary data. J Hum Kinet. 2016;50(1):211–
8. https://doi.org/10.1515/hukin-2015-0158.
37. Pereira TJC, Nakamura FY, de Jesus MT, Vieira CLR, Misuta MS,
de Barros RML, Moura FA. Analysis of the distances covered and
technical actions performed by professional tennis players during
official matches. J Sports Sci. 2017;35(4):361–8. https://doi.org/
10.1080/02640414.2016.1165858.
38. Quante M, Kaplan ER, Cailler M, Rueschman M, Wang R, Weng
J, Taveras EM, Redline S. Actigraphy-based sleep estimation in
adolescents and adults: a comparison with polysomnography
using two scoring algorithms. Nat Sci Sleep. 2018;10(1):13–20.
https://doi.org/10.2147/nss.s151085.

Journal of Science in Sport and Exercise
39. Reid M, McMurtrie D, Crespo M. The relationship between match
statistics and top 100 ranking in professional men’s tennis. Int J
Perform Anal Sport. 2010;10(2):131–8. https://doi.org/10.1080/
24748668.2010.11868509.
40. Reid M, Morgan S, Whiteside D. Matchplay characteristics of
Grand Slam tennis: implications for training and conditioning. J
Sports Sci. 2016;34(19):1791–8. https://doi.org/10.1080/02640
414.2016.1139161.
41. Reyner LA, Horne JA. Sleep restriction and serving accuracy
in performance tennis players, and effects of caffeine. Physiol
Behav. 2013;120(1):93–6. https://doi.org/10.1016/j.physbeh.
2013.07.002.
42. Richmond LK, Dawson B, Stewart G, Cormack S, Hillman DR,
Eastwood PR. The effect of interstate travel on the sleep patterns
and performance of elite Australian rules footballers. J Sci Med
Sport. 2007;10(4):252–8. https://d oi.o rg/1 0.1 016/j.j sams.2 007.0 3.
002.
43. Roenneberg T, Kuehnle T, Juda M, Kantermann T, Allebrandt
K, Gordijn M, Merrow M. Epidemiology of the human circadian
clock. Sleep Med Rev. 2007;11(6):429–38. https://doi.org/10.
1016/j.smrv.2007.07.005.
44. Schwartz J, Simon RD Jr. Sleep extension improves serving accuracy: a study with college varsity tennis players. Physiol Behav.
2015;151(1):541–4. https://doi.org/10.1016/j.physbeh.2015.08.
035.
45. Speelman CP, McGann M. How mean is the mean? Front Psychol.
2013;4:451. https://doi.org/10.3389/fpsyg.2013.00451.

46. Staunton C, Gordon B, Custovic E, Stanger J, Kingsley M. Sleep
patterns and match performance in elite Australian basketball
athletes. J Sci Med Sport. 2017;20(8):786–9. https://doi.org/10.
1016/j.jsams.2016.11.016.
47. Ulbricht A, Fernandez-Fernandez J, Mendez-Villanueva A, Ferrauti A. Impact of fitness characteristics on tennis performance in
elite junior tennis players. J Strength Cond Res. 2016;30(4):989–
98. https://doi.org/10.1519/JSC.0000000000001267.
48. Vickery WM, Dascombe BJ, Baker JD, Higham DG, Spratford
WA, Duffield R. Accuracy and reliability of GPS devices for
measurement of sports-specific movement patterns related to
cricket, tennis, and field-based team sports. J Strength Cond Res.
2014;28(6):1697–705. https://doi.org/10.1519/jsc.0000000000
000285.
49. Vitale JA, Bonato M, Petrucci L, Zucca G, Torre AL, Banfi G.
Acute sleep restriction affects sport-specific but not athletic performance in junior tennis players. Int J Sports Physiol Perform.
2021;16(8):1154–9. https://doi.org/10.1123/ijspp.2020-0390.
50. Vitale KC, Owens R, Hopkins SR, Malhotra A. Sleep hygiene
for optimizing recovery in athletes: review and recommendations. Int J Sports Med. 2019;40(8):535–43. https://doi.org/10.
1055/a-0905-3103.
51. Abidin AWZ, Ruslan NAS. Exploring the importance of players’ characteristics and performance on serve and return of serve
in winning the women’s singles grand slam tennis tournaments.
J Phys Conf Ser. 2020;1496(1):012008. https://doi.org/10.1088/
1742-6596/1496/1/012008.

13

