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Abstract: This study aimed to compare the effects of playing tennis using low-compression balls
(Lc-Balls) and standard balls (St-Balls) on psychophysiological responses and match characteristics
among recreational adult tennis players. Participants (N = 24; age: 20.5 ± 1.3 years) were randomly
matched to play two singles matches over three sets: one match was played with a Lc-Ball and
one match was played with a St-Ball, resulting in twenty-four matches. Heart-rate responses and
match characteristics were assessed during each match. Post-match measures included retrospective
assessments of perceived exertion, ratings of enjoyment towards physical activity, and ratings of
mental effort and mood. Results showed higher psychophysiological responses and more intensive
play during the game when playing with the Lc-Ball (p ≤ 0.05, d values ranging from 0.24 to 1.93
[small to very large effect]). Further, playing with a Lc-Ball related to reporting a lower rating of
perceived exertion (p = 0.00, d = 0.90 [moderate effect]) and greater physical enjoyment (p = 0.00,
d = 1.73 [large effect]). Playing with the St-Ball was associated with higher unpleasant mood responses
including depression, tension, anger, and fatigue. In conclusion, the results suggest that using the
Lc-Ball may lead to better match performance with higher enjoyment in the tennis match-play in
recreational adult tennis players.

Keywords: tennis; modified equipment; slower balls; notational analysis; lc-ball induced

1. Introduction

Tennis is a racket sport that involves anaerobic activities such as high-intensity sprints,
dynamic turns, and jumps. Players perform short, high-intensity workouts over a long
period, interspersed with rest or low-intensity activities [1–4]. Various factors such as
different court surfaces (clay, hard, and grass) with a variety of ball types (fast, medium,
and slow) and skill levels have been shown to effect both the physiological responses and
performances of tennis players [1,5–8].

Research examining the effects of playing simulated tennis matches has shown that
technical and match characteristics are influenced by using different pieces of equipment,
including low-compression balls (Lc-Balls), shorter racquets, and changing the size of
the court [9]. Ball compression is color coded. A green ball is 25% slower than a yellow
ball; an orange ball is 50% slower than a yellow ball, and a red ball is 75% slower than
a yellow ball. Significantly longer rallies are associated with playing with the Lc-Ball
when compared to playing with standard balls (St-Balls) [10]. As a result of this, rally
length in children increased, who were also novices, when using a Lc-Ball when compared
to a St-Ball [10,11]. Among children, the smallest-scale equipment combination (a small
racket with a red ball) produced significantly better hitting performances than other racket-
and-ball combinations [12,13]. Furthermore, the Lc-Ball was found to have the most
significant positive effect on simulated tennis match performance. Using a Lc-Ball during
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the simulated tennis match provides a significant longer rally with less movement between
strokes. Therefore, this tool allows players to stroke the ball with more force. Consequently,
this situation supports the development of improved tennis skills during challenging
learning environments such as training and simulated tennis matches. Considering these
results, the equipment that should be used to teach tennis to children, and thus by extension,
novice players across all ages groups, should be reconsidered [10–13].

In recent years, a number of different approaches have been used to help skill devel-
opment and performance including Touch Tennis, Tennis Xpress, and Play and Stay [14,15].
The primary purpose of these alternative approaches to playing the game is to increase
the length of rallies. Longer rallies provide feedback. Such technical changes will have
the greatest effect among players in the relatively early stages of learning to play the
sport. Although, numerous studies examined technical responses and match characteristics
across various court surfaces, scaled equipment, and performance levels [9–12]. However,
no studies have investigated the effects of different ball compression on these important
performance variables of recreational adult players. To our knowledge, the present study
is the first to examine these variables in detail in recreational adult tennis players. We
hypothesized that recreational players would demonstrate more enjoyment levels with
better hitting performances using low-compression balls when compared to playing with
standard balls.

The physical and mental health benefits of physical activity are well known, with the
challenge being to raise physical activity levels. Recent research has demonstrated the
benefits of experiencing pleasant emotional responses to increasing physical activity [16–18].
Further, when people exercise at a high intensity, as evidenced by reporting a high rating
of perceived exertions, then physiological sensations dominate consciousness. This sense
of intense physiological effort is associated with unpleasant emotions. Although there is
evidence that some athletes prefer intense exercise, if increasing physical activity among a
largely sedentary population is a goal, then increasing enjoyment by considering reducing
the intensity of a session is desirable [16–18]. When applied to tennis balls, it is suggested
that this is associated with playing longer rallies, as there is more time to prepare to hit the
ball, and as such, this will be associated with greater enjoyment, lower ratings of perceived
exertion, and improved mood. Therefore, the aim of the present study was to compare the
effect of playing tennis using different ball compressions on psychophysiological responses
and match characteristics in recreational adult players.

2. Materials and Methods
2.1. Participants

Sample size was estimated using the G*Power software (G-Power, version 3.1.9.7,
University of Dusseldorf, Dusseldorf, Germany). After adding a partial effect size of
0.30, a power of 0.8, and a p-value of 0.05 (two groups and two measurements) for a
correlation of 0.5, a recommended total sample size of 24 was required. Therefore, twenty-
four recreational adult male volunteer tennis players were recruited (Table 1). To control
for the possible effects of left-handed players’ performance, all players were right-handed.
All matches involved playing against another right-handed player. All participants were
familiar with the training workload of 2–3 training sessions per week (120–180 min.week−1).
The inclusion criteria were (i) an age of 18–34 years and (ii) to have been playing tennis
regularly, involving playing competitive match performances (singles or doubles) for a
minimum time of six months. Participants were excluded if there were (i) acute injuries or
(ii) non-attendance at tennis matches. After informing participants of research procedure
and potential risks, written informed consent was provided. This study was conducted
following the principles of conducting ethical research, as outlined in the Declaration of
Helsinki [19] and the protocol approved by the Ethics Committee (1 J .01.2023/02.06) of the
university of the first author.
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Table 1. Subjects’ characteristics.

Variable Age
(Years)

Body Height
(cm)

Body Mass
(kg)

VO2max
(mL.kg−1.min−1)

ITN
Scores

Tennis Experience
(Years)

Mean (SD) 20.5 (1.3) 174 (3.4) 65.4 (4.4) 55.3 (1.3) 8 (1) 1.2 (0.4)

2.2. Experimental Design

A randomized cross-over design was used to compare the effects of Lc-Ball and St-Ball
on psychophysiological responses and match characteristics in recreational adult tennis
players. The study was performed over two main experimental sessions: (1) on-court
assessments, including (HTTT) and (ITN), and (2) simulated two-singles tennis-match
playing. To avoid fitness level and technical skill mismatches during match-play, all pairs
were balanced according to their VO2max and technical scores. Players performed tennis
matches in two singles, for the best of three sets: randomly, one game with the Lc-Ball
“green balls” (green 25% slower than the yellow ball) and one match with the St-Ball
“yellow balls” [20].

Every session started with a standardized 10 min warm-up section consisting of
running and tennis-specific actions. During each match, data were captured that assessed
heart rate (HR), percentage of heart rate (%HR), and match characteristics—strokes per
rally (SPR), duration of the rally (DR), rest time between in-point (RT), effective playing
time (EPT), average match time (AMT), average stroke per match (ASPM), and average
game per match (AGPM). These data were continuously monitored and recorded during
twenty-four tennis matches. Furthermore, data were assessed that recorded a rating of
perceived exertion (RPE), physical activity enjoyment scale (PACES), a rating scale of
mental effort (RSME), and the Profile of Mood States (POMS). These data were assessed at
the end of each match.

All tests and matches were performed on a standard indoor hard-court surface. All
tennis matches took place at a similar time (between 09:00 a.m. and 11:00 a.m.) day, and
similar temperatures (20–23 ◦C) and relative air humidity levels (30–45%) were obtained
through all stages of the study. To minimize any adverse effects of physical and physio-
logical fatigue on singles tennis-match performances, each match was played with at least
72 h between each match [21]. The players were told to maintain regular nutritional intake
before and during the simulated tennis matches.

2.3. The Hit-and-Turn Tennis Test

The test, an acoustically controlled progressive (hitting a sequence of forehand and
backhand strokes) on-court fitness test for tennis players, was carried out following the
techniques proposed in this study [22]. HRmax was the maximum HR measurement
observed during the test. Following the HTTT, the estimated VO2max for adult men was
calculated using the following formula: VO2max = 30.0 + 2.00 × (player finishes the level in
the HTTT).

2.4. International Tennis-Number Test

The International Tennis Federation (ITF) uses the ITN ranking system to measure the
performance of tennis players at all levels. This system, which includes serve, forehand–
backhand groundstrokes, forehand–backhand volley depth, accuracy, and mobility evalu-
ation, is a commonly used test in the tennis-specific literature to measure on-court game
characteristics [23]. All participants viewed the ITN test protocols video before the test, and
the best test result was recorded after two attempts [24]. A ball machine (Tennis Tutor Plus,
Burbank, CA, USA®) was employed to feed balls to the tested players.

2.5. Tennis Match Analysis and Psychophysiological Measures

All participants were randomly matched to play singles tennis matches after a standard
10 min warm-up program (running and tennis-specific actions such as forehand and
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backhand, volleys, and serves). All twenty-four matches (n = 12, Lc-Ball; n = 12, St-Ball)
were played into the rules of the ITF (the best of 3 sets) [25]. A set of 3 new yellow balls
and green balls was used for each match. All matches were played on a standard indoor
hard-court surface (GreenSet) on full-size standard tennis courts. The participants used
their own tennis racquets and were accustomed to playing competitive matches with both
balls [20]. A portable HR-monitoring device (Polar V800 Polar OY, Kempele, Finland®) was
used to record each player’s HR responses during the matches. Each player’s match was
recorded using two video cameras (Sony HDR—CX240 Full HD, Tokyo, Japan®) positioned
2 m from the side of the court at the service-line level and approximately 6 m above the
court for the duration of the match [3].

A specialized movement-specific analysis program, Kinovea (version 0.8.15; Kinovea,
Bordeaux, France), was used to analyze the matches, and the analysis of all of the matches
was performed by the same experienced researcher [26]. The observer was tested for relia-
bility using a test–retest protocol of analyzing and coding the parameters twice, interspaced
by 20 days. The intra-class correlation test (ICC) revealed a value of 0.96, suggesting an
excellent reliability level. Based on match data, the following variables were calculated for
each game: DR, RT (not including changes of ends), EPT (expressed as a percentage of the
total time when the ball was in play during a game), SPR, AMT, ASPM, and AGPM [26].
RPE responses (6–20) were also assessed at the end of each match [27].

After each match, the short form of PACES was used to measure the enjoyment levels
of players [28]. This scale, which includes five items scored on a 1–7 Likert scale, has been
validated as an indicator of enjoyment level in training in Turkish players [29]. The internal
consistency of the modified 5-item scale was found to be 0.78. The rating scale for mental
effort (RSME) was used to assess the subjective mental effort during each match. The scale
is reported to have good validity and face validity [30]. It is a single item, and participants
find it easy to use. It assesses mental workload, and scores range from 0 (no effort) to
150 (extreme effort) [31]. The POMS [32] is a commonly used model of mood. The original
POMS comprises 65 items and assesses six dimensions of mood: tension, anger, confusion,
depression, fatigue, and vigor. The POMS was completed before and after each tennis
match. A Turkish version of POMS was used to evaluate mood profiles when asking,
“How do you feel right now?” [33] and therefore captures mood in the context of playing
the tennis match rather than other response timeframes such as ‘past week’, which can
assess emotions experienced over a range of different situations. POMS scale was in the
range of 0.81–0.91.

2.6. Statistical Analysis

The data are reported as means and standard deviations. Before parametric tests,
normality assumption was confirmed using the Shapiro–Wilk test (n < 30). A paired t-test
was performed with a Bonferroni correction on each dependent variable and was used
to compare psychophysiological responses and match characteristics between Lc-Ball vs.
St-Ball during simulated tennis-match play. Partial eta squared (η2

p) and Cohen’s d were
calculated for each dependent variable. η2

p was considered small (0.01–0.06), moderate
(0.06–0.14) or large (>0.14), and Cohen’s d was considered trivial (<0.2), small (0.2–0.6),
moderate (0.6–1.2), large (1.2–2.0), very large (2.0–4.0), and nearly perfect (>4.0) [34]. Also,
the 95% Confidence Interval (95% CI) was calculated for the difference between mean
values for each of the estimated variables. A repeated measure analysis of variance was
used to compare mood states before and after the Lc-Ball vs. St-Ball. Inter-individual
variability in psychophysiological responses and match characteristics between the Lc-Ball
vs. St-Ball matches was quantified using the coefficient of variation (CV%). The intra-class
correlation coefficient (ICC) was used to determine the test–retest reliability of the match
characteristics. Statistical analyses were performed with IBM SPSS Statistics for Windows
software version 21.0 (IBM Corp.®, Armonk, NY, USA, released 2012). The significance
level was determined as p < 0.05.
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3. Results

Playing tennis with a Lc-Ball was associated with higher psychophysiological responses
in terms of HR (t = 10.292; p = 0.000; 95% CI: −16.15 to −10.90), %HRmax (t = 22.322; p = 0.000;
95% CI: −16.05 to −13.45), and PACES (t = 3.794; p = 0.000; 95% CI: −8.03 to −2.13), except for
RPE (t = 6.626; p = 0.000; 95% CI: 1.38 to 2.57) and RSME (t = 3.227; p = 0.004; 95% CI: 16.75 to
−3.66) in Table 2.

Table 2. The psychophysiological responses of participants.

Lc-Ball
M SD

CV
(%)

St-Ball
M SD

CV
(%)

Mean
Difference

Cohens d
and Rating

HR (beat.min−1) 157 ± 16 * 10.2 143.5 ± 17 11.8 13.5 0.80; Moderate
%HR (%) 76 ± 7.6 * 10.0 61.5 ± 7.4 12.0 14.5 1.93; Large

RPE 13.2 ± 2.2 16.7 15.2 ± 2.2 Ω 14.5 −2.0 0.90; Moderate
PACES 30.2 ± 3.0 * 9.9 25.1 ± 2.9 11.5 5.1 1.73; Large
RSME 92.7 ± 19.3 20.8 102.9 ± 18.5 Ω 18.0 −10.2 0.54; Small

HR = heart rate; %HR = percentage of average heart rate; RPE = rating of perceived exertion; PACES = physical
activity enjoyment scale; RSME = rating scale of mental effort. * Significant difference from St-Ball; Ω significant
difference from Lc-Ball.

In contrast to RT (t = 2.047; p = 0.042; 95% CI: 0.19 to 10.97) and AGMP (t = 2.399;
p = 0.035; 95% CI: −4.15 to 0.17), the Lc-Ball resulted in higher match characteristics in Table 3.

Table 3. The match characteristics of participants.

Lc-Ball
M SD

CV
(%)

St-Ball
M SD

CV
(%)

Mean
Difference 95% CI Cohens d

and Rating

SPR (n) 6.1 ± 4.1 * 67.2 3.5 ± 2.8 80.0 2.6 −3.4/−1.7 0.73; Moderate
DR (s) 11.9 ± 5.8 * 48.7 6.5 ± 5.3 81.5 5.4 −6.6/−4.2 0.97; Moderate
RT (s) 24.2 ± 22.8 94.2 29.8 ± 23.7 79.5 −5.6 0.2/10.9 0.24; Small

EPT (%) 26.2 ± 2.8 * 10.7 22.3 ± 3.7 16.6 3.9 −5.6/−2.1 1.16; Moderate
AMT (min) 67.1 ± 12.4 * 18.5 56.7 ± 11.2 19.7 10.4 −19.1/−1.7 0.88; Moderate
ASPM (n) 556.7 ± 93.3 * 16.8 404.6 ± 87.9 21.7 152.1 −212.9/−91.2 1.67; Large
AGPM (n) 19.1 ± 3.4 17.8 16.9 ± 2.8 16.6 2.2 −4.1/−0.2 0.70; Moderate

SPR = strokes per rally; DR = rally duration; RT = rest time; EPT = effective playing time; AMT = average match
time; ASPM = average stroke per match; AGPM = average game per match; * Significant difference from St-Ball.

The mood responses of the recreational adult tennis players to playing Lc-Ball vs.
St-Ball matches are contained in Table 4. The results demonstrated that using the St-Ball
induced higher unpleasant mood responses in terms of higher scores of depression, tension,
anger, and fatigue (p ≤ 0.05, η2

p = ranging from 0.081 to 0.314 (trivial to small effect)).

Table 4. The mood responses of participants.

Tennis Matches Time Interaction

F(1,23) P η2
p F(1,23) p η2

p F(1,23) p η2
p

Depression 7.376 0.009 * 0.138 5.073 0.029 * 0.099 4.036 0.050 * 0.081
Tension 0.892 0.350 0.019 8.671 0.005 * 0.159 18.716 0.000 * 0.289
Anger 20.396 0.000 * 0.307 18.172 0.000 * 0.283 21.102 0.000 * 0.314
Vigor 0.690 0.410 0.015 4.315 0.043 0.086 0.936 0.338 0.020

Fatigue 315.415 0.000 * 0.873 22.669 0.000 0.330 11.402 0.002 * 0.199
Confusion 1.887 0.176 0.039 0.059 0.810 0.001 0.432 0.514 0.009

TMD 24.306 0.000 * 0.346 3.368 0.043 * 0.068 9.532 0.003 0.172

TMD: Total mood disturbance; * significant difference from Lc-Ball. p < 0.05.

4. Discussion

The present study compared the effects of Lc-Balls and St-Balls on psychophysiological
responses and match characteristics among recreational adult tennis players. The results



Sports 2024, 12, 80 6 of 10

revealed that playing tennis with the Lc-Ball was associated with higher psychophysiologi-
cal responses including a higher HR, %HR, and PACES when compared to playing with
the St-Ball. Playing with the Lc-Ball was associated with playing longer rallies, a pleasant
mood, a lower rating of perceived exertion, and greater enjoyment. Playing tennis with the
Lc-Ball led to differences in the way matches were played, with a change in the rhythm
of the game, and was ultimately noticed by spending more time on strokes (the flying
duration of the ball). Therefore, these factors might help players be able to perform more
controlled and accurate strokes and have better control of their ball-hitting technique, the
speed, and the direction. Arguably, these factors are highly beneficial to players learning to
play with the ball.

A growing body of evidence demonstrates that playing variables such as scaled
equipment, gender, skill levels, and court surfaces (grass, hard, and clay) influence tennis
performance [5–7,35]. Furthermore, evidence shows that all these variables have also been
shown to effect tennis players’ technical actions [12,35]. It is not easy to compare our results
against previous studies due to the absence of similar studies. We argue that there is a need
for more research, as the present line of enquiry suggests that there are beneficial effects
for recreational tennis players. Of available studies that could be used for a comparative
purpose, we use evidence from a younger group of tennis players. For example, on slower
surfaces (clay court), playing time, total match time, and average rally time is longer,
resulting in increased physical strain from a large number of strokes and short- and high-
intensity activities [5,7,35]. In addition, clay court surfaces, including longer rallies and
shorter rest times, led to performing a slower game and shot rhythm and increased HR
and higher blood–lactate levels and higher PACES responses in comparison to playing
on a hard court surface [5,36]. The different results from the court-surface characteristics
might explain the game rhythm during match-play. Contrary to higher RPE responses, the
players on clay court surfaces had more time to stroke the ball or prepare to play than on
hard court surfaces [6,35]. Our results showed that playing with the St-Ball induced more
perceived physical strain, resulting in increased mental effort and negative mood responses
such as depression, tension, anger, and fatigue. These findings can be related to the adverse
effect of game performances and increased mental effort during match play.

Our findings show that playing tennis with modified equipment (a Lc-Ball, shorter
racquets, and smaller court dimensions) effects tennis-match performance responses such
as technical skills and match-play characteristics [9,10]. For instance, a study found that
children playing with St-Balls and field sizes made fewer strokes than mini-tennis-match
playing [10]. Furthermore, with the increase in the DR and SPR of children in the game,
the technical actions cause a more balanced and correct style to be learned [11]. Addi-
tionally, scaling equipment provides better performance in match-play conditions, as well
as optimizing the working environment [20,37–41]. The results in the literature showed
that the playing style during the match with the Lc-Balls (the red, orange, and green balls)
was more dynamic, aggressive, and faster than (longer rallies and fewer errors) with the
St-Ball [38–40]. Moreover, the tennis matches made with mini-tennis stages and rules for
children showed that the red and orange stages scored the most in the average number
of rallies [38,40]. The main reason is that the distance to be moved with the Lc-Ball is
shorter because of the longer rally times and the smaller playing field during the game [38].
In addition, it was seen that modified ball handling increased rally speed and average
strokes per rally, as well as players hitting at a lower height (slower bounce) [20,38,41].
This game rhythm provides the players with more time to hit so that more strokes can be
performed in rallies [20,40]. The Lc-Ball allowed players to rally at speeds that more closely
resembled those expected of adult tennis matches [20,41]. Increasing the number of hits
during training might be related to more challenging learning environments and superior
tennis-skill development in young tennis players [10,41]. In addition to these results, it
was determined that playing with modified equipment provided more enjoyment than
playing with standard materials for children [10,41]. Recent studies have been performed
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to confirm the execution of modification equipment used for enhancing children’s technical
proficiency and the ability to maintain a rally [38,39].

We argue that these findings are consistent with previous research on children [10,11,38,39].
As a result of these studies, scaled equipment might improve technical skill, enjoyment, and
involvement in tennis, especially in young tennis players [10,11]. The last study indicated that
using scaled equipment positively affects the development of technical skills in adult beginner
tennis players [42]. However, adults’ skill levels and physical abilities may differ according
to children’s. Despite the knowledge gained in the literature, the biggest challenge is
determining how and when to move from scaled equipment to standard equipment for
adults and children [42,43]. So, further research is needed to investigate the effectiveness
of scaled equipment in skill development or match performance for adults. Given this
sample size, care should be taken in generalizing the results to all adult tennis players. As
a limitation of this study, only 24 young adult male recreational players were included in
our study. Therefore, our results cannot generalize to female recreational tennis players.
In addition, different performance responses can be obtained using modified equipment
for athletes of different ages, genders, and skill levels. Moreover, we conducted this study
on hard courts, and performance assessments can be made on tennis courts with different
surfaces. Finally, more research is needed on recreational adult tennis players to determine
whether modified equipment provides better playing experiences.

We argue that a strength of the present study is in the rigorous methods used, which
enhance internal validity but have an ecologically valid context. First, internal validity
was strengthened as we standardized the playing ability. This meant that one player was
not clearly better than the other, and so fewer points would be won by serving an ace or
returning a winner when returning a serve. Second, we measured multiple performance
factors, with each adding unique information on how the nature of the match changed.
Third, we assessed physiological and psychological responses to playing and so argue that
this approach when seen collectively was rigorous. In terms of ecological validity, players
competed in real games where the intention was to win, and therefore, players would
intend to a win a game via serving an ace or playing a winning passing shot. We encourage
future research to consider the relative internal and ecological validity in their designs, as
this approach could lead to evidence that could translate research to practice.

Findings from the present study have implications for players learning tennis due to
findings which point to a way of enhancing enjoyment and improving mood. Recreational
tennis players could be motivated for physical and health-related reasons. There is a wealth
of evidence to support the benefits of exercise on physical and mental health. If someone
chooses tennis as the activity to improve their physical health, then clearly playing longer
rallies will be more beneficial than one-shot points. It is feasible that for novice players, the
challenge is to hit the ball in the court, and be able to return the ball. With multiple factors
effecting performance, the present study showed that providing more time to hit the ball
via changing the ball can have a meaningful influence. The present study finds evidence to
support the fact that mood and enjoyment are enhanced. Future research should look at
the longitudinal effects and whether the choice of ball predicts adherence.

The findings of the present study have some practical implications for tennis coaches
and sports scientists. Using a Lc-Ball in simulated tennis matches may be a valuable
strategy to enhance recreational adult tennis players’ psychophysiological responses, match
characteristics, and increase their enjoyment and motivation levels. Practitioners and
coaches may consider using Lc-Balls as an alternative or supplementary tool to improve
recreational adult tennis players’ technical and tactical skills, especially beginners and
intermediates. Based on this information and the literature, using Lc-Balls for children and
recreational adult players can make their tennis game experience easy and much more fun.

5. Conclusions

Although the use of modified equipment for children has been recommended recently,
it needs to be clarified which modifications are optimal for recreational adult tennis players
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of different ages and skill levels. This is the first study to examine tennis matches played with
St-Balls and Lc-Balls in recreational adult tennis players. Our findings suggest that playing
tennis with a Lc-Ball causes stronger psychophysiological responses such as in HR and PACES
with a lower RPE. In addition, recreational adult tennis players playing with Lc-Balls can
positively be affected by their match performances. With these results, we recommend using
Lc-Balls in matches for recreational adult tennis players, like with children.

Author Contributions: Conceptualization, B.K., E.A., Y.S. and A.M.L.; Data curation, B.K., E.A. and
Y.S.; Formal analysis, B.K., E.A. and Y.S.; Investigation, B.K., E.A. and Y.S.; Methodology, B.K., E.A.,
Y.S. and A.M.L.; Resources, B.K., E.A. and Y.S.; Software, B.K., E.A. and Y.S.; Validation, B.K., E.A.
and Y.S.; Writing—original draft, B.K., E.A., Y.S. and A.M.L.; Writing—review and editing, E.A. and
A.M.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was approved by the ethics committee of the
University of Tokat Gaziosmanpasa University, Tokat, Turkey (Protocol code: E-33490967-044-256906)
and was carried out in accordance with the declaration of Helsinki before the commencement
of the assessments.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data are available from the corresponding author upon
reasonable request.

Acknowledgments: The authors would like to thank all the players for their efforts.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Kilit, B.; Arslan, E.; Soylu, Y. Time-Motion Characteristics, Notational Analysis and Physiological Demands of Tennis Match Play:

A Review. Acta Kinesiol. 2018, 12, 5–12.
2. Fernandez-Fernandez, J.; Sanz-Rivas, D.; Mendez-Villanueva, A. A Review of the Activity Profile and Physiological Demands of

Tennis Match Play. Strength Cond. J. 2009, 31, 15–26. [CrossRef]
3. Fernandez-Fernandez, J.; Sanz-Rivas, D.; Fernandez-Garcia, B.; Mendez-Villanueva, A. Match Activity and Physiological Load

during a Clay-Court Tennis Tournament in Elite Female Players. J. Sports Sci. 2008, 26, 1589–1595. [CrossRef] [PubMed]
4. Fernandez-Fernandez, J.; Sanz-Rivas, D.; Sanchez-Muñoz, C.; Pluim, B.M.; Tiemessen, I.; Mendez-Villanueva, A. A Comparison

of the Activity Profile and Physiological Demands between Advanced and Recreational Veteran Tennis Players. J. Strength Cond.
Res. 2009, 23, 604–610. [CrossRef] [PubMed]

5. Martin, C.; Thevenet, D.; Zouhal, H.; Mornet, Y.; Delès, R.; Crestel, T.; Abderrahman, A.B.; Prioux, J. Effects of Playing Surface
(Hard and Clay Courts) on Heart Rate and Blood Lactate during Tennis Matches Played by High-Level Players. J. Strength Cond.
Res. 2011, 25, 163–170. [CrossRef] [PubMed]

6. Murias, J.M.; Lanatta, D.; Arcuri, C.R.; Laino, F.A. Metabolic and Functional Responses Playing Tennis on Different Surfaces. J.
Strength Cond. Res. 2007, 21, 112–117. [CrossRef] [PubMed]

7. Pereira, L.A.; Freitas, V.; Moura, F.A.; Aoki, M.S.; Loturco, I.; Nakamura, F.Y. The Activity Profile of Young Tennis Athletes Playing
on Clay and Hard Courts: Preliminary Data. J. Hum. Kinet. 2016, 50, 211–218. [CrossRef] [PubMed]

8. Ponzano, M.; Gollin, M. Movement Analysis and Metabolic Profile of Tennis Match Play: Comparison between Hard Courts and
Clay Courts. Int. J. Perform. Anal. Sport 2017, 17, 220–231. [CrossRef]

9. Chapelle, L.; Tassignon, B.; Aerenhouts, D.; Zinzen, E. Influence of Scaling on Match Play Characteristics in Youth Tennis: A
Systematic Review. Int. J. Sports Sci. Coach. 2023, 18, 1726–1734. [CrossRef]

10. Farrow, D.; Reid, M. The Effect of Equipment Scaling on the Skill Acquisition of Beginning Tennis Players. J. Sports Sci. 2010, 28,
723–732. [CrossRef]

11. Hammond, J.; Smith, C. Low Compression Tennis Balls and Skill Development. J. Sports Sci. Med. 2006, 5, 575. [PubMed]
12. Buszard, T.; Farrow, D.; Reid, M.; Masters, R.S. Modifying Equipment in Early Skill Development: A Tennis Perspective. Res. Q.

Exerc. Sport 2014, 85, 218–225. [CrossRef]
13. Buszard, T.; Farrow, D.; Reid, M.; Masters, R.S. Scaling Sporting Equipment for Children Promotes Implicit Processes during

Performance. Conscious. Cogn. 2014, 30, 247–255. [CrossRef] [PubMed]
14. Tennis Xpress. 2013. Available online: http://www.tennisplayandstay.com/tennis-xpress/about/about-tennis-xpress.aspx

(accessed on 20 January 2020).
15. Touchtennis. 2022. Available online: https://www.touchtennis.com/gb/ (accessed on 20 January 2020).

https://doi.org/10.1519/SSC.0b013e3181ada1cb
https://doi.org/10.1080/02640410802287089
https://www.ncbi.nlm.nih.gov/pubmed/18979340
https://doi.org/10.1519/JSC.0b013e318194208a
https://www.ncbi.nlm.nih.gov/pubmed/19197208
https://doi.org/10.1519/JSC.0b013e3181fb459b
https://www.ncbi.nlm.nih.gov/pubmed/21157392
https://doi.org/10.1519/00124278-200702000-00021
https://www.ncbi.nlm.nih.gov/pubmed/17313272
https://doi.org/10.1515/hukin-2015-0158
https://www.ncbi.nlm.nih.gov/pubmed/28149359
https://doi.org/10.1080/24748668.2017.1331572
https://doi.org/10.1177/17479541221116875
https://doi.org/10.1080/02640411003770238
https://www.ncbi.nlm.nih.gov/pubmed/24357952
https://doi.org/10.1080/02701367.2014.893054
https://doi.org/10.1016/j.concog.2014.07.004
https://www.ncbi.nlm.nih.gov/pubmed/25441975
http://www.tennisplayandstay.com/tennis-xpress/about/about-tennis-xpress.aspx
https://www.touchtennis.com/gb/


Sports 2024, 12, 80 9 of 10

16. Teixeira, D.S.; Ekkekakis, P.; Andrade, A.J.; Bastos, V.; Palmeira, A.L. Exploring the Impact of Individualized Pleasure-Oriented
Exercise Sessions in a Health Club Setting: Protocol for a Randomized Controlled Trial. Psychol. Sport Exerc. 2023, 67, 102424.
[CrossRef]

17. Ekkekakis, P.; Hartman, M.E.; Ladwig, M.A. Affective Responses to Exercise. In Handbook of Sport Psychology; Tenenbaum, G.,
Eklund, R.C., Eds.; Wiley: Hoboken, NJ, USA, 2020; pp. 231–253. [CrossRef]

18. Bull, F.C.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P.; Cardon, G.; Carty, C.; Chaput, J.-P.; Chastin, S.; Chou, R. World
Health Organization 2020 Guidelines on Physical Activity and Sedentary Behaviour. Br. J. Sports Med. 2020, 54, 1451–1462.
[CrossRef]

19. Association, W.M. World Medical Association Declaration of Helsinki: Ethical Principles for Medical Research Involving Human
Subjects. JAMA 2013, 310, 2191–2194.

20. Kachel, K.; Buszard, T.; Reid, M. The Effect of Ball Compression on the Match-Play Characteristics of Elite Junior Tennis Players. J.
Sports Sci. 2015, 33, 320–326. [CrossRef] [PubMed]

21. Rodríguez, D.S.; del Valle Soto, M. A Study of Intensity, Fatigue and Precision in Two Specific Interval Trainings in Young Tennis
Players: High-Intensity Interval Training versus Intermittent Interval Training. BMJ Open Sport—Exerc. Med. 2017, 3, e000250.
[CrossRef]

22. Ferrauti, A.; Kinner, V.; Fernandez-Fernandez, J. The Hit & Turn Tennis Test: An Acoustically Controlled Endurance Test for
Tennis Players. J. Sports Sci. 2011, 29, 485–494.

23. The ITF International Tennis Number Testing Guide. 2004. Available online: http://www.tennisplayandstay.com/media/131803
/131803.pdf. (accessed on 7 May 2018).

24. Kilit, B.; Arslan, E. Effects of High-Intensity Interval Training vs. On-Court Tennis Training in Young Tennis Players. J. Strength
Cond. Res. 2019, 33, 188–196. [CrossRef]

25. ITF Rules of Tennis. 2022. Available online: https://www.itftennis.com/media/7221/2022-rules-of-tennis-english.pdf (accessed
on 3 December 2022).

26. 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, 684–694. [CrossRef]

27. Borg, G.A. Psychophysical Bases of Perceived Exertion. Med. Sci. Sports Exerc. 1982, 14, 377–381. [CrossRef]
28. Paxton, R.J.; Nigg, C.; Motl, R.W.; Yamashita, M.; Chung, R.; Battista, J.; Chang, J. Physical Activity Enjoyment Scale Short

Form—Does It Fit for Children? Res. Q. Exerc. Sport 2008, 79, 423–427. [CrossRef]
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