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Technical skills in complex tennis
situations: Dutch talented players
U15 compared to players U17
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1Center for Human Movement Sciences, University Medical Center Groningen, University of Groningen,
Groningen, Netherlands, 2Knowledge Center for Sport & Physical Activity, Utrecht, Netherlands,
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Introduction: Technical skills in complex situations appear crucial for progress
towards elite tennis performance. However, it is unknown how these skills
develop in different age categories in a group of talented youth players. The aim
of this study is to evaluate possible differences in technical skills among Dutch
talented youth tennis players U15 compared to U17.
Methods: A total of 19 players (12 males, 7 females; age 14.6 ± 1.4 years) were tested
on ball speed, accuracy, percentage errors and spin rate using the on-court Dutch
Technical-Tactical Tennis Test. With a ball machine, four games were simulated
which were either fixed (game 1 and game 2) or variable (game 3 and game 4),
depending on the complexity of the task. Each game consisted of two offensive,
two neutral and two defensive rallies, representing different tactical situations.
Results: A two-way ANOVA revealed a statistically significant interaction between
the effects of age category and sex for ball speed (F(1,15) = 5.472, p = 0.034, η2

= 0.267), indicating that males U17 produced higher ball speed compared to
males U15, whereas no differences were found between females U15 and U17. A
one-way ANCOVA showed that, regardless of sex, players U17 scored significantly
higher on accuracy than players U15 (F(1,16) = 5.021, p = 0.040, η2 = 0.239). No
differences were found between players U15 and U17 for spin rate and
percentage errors (p > .05), although there was a medium to large effect size for
males U17 to produce higher spin rates compared to males U15. A closer
examination of accuracy revealed that players U17 scored significantly higher
compared to players U15 in game 4 (F(1,17) = 6.358, p = .022, η2 = .272) and in
defensive situations (F(1,17) = 9.602, p = .007, η2 = .361).
Discussion: In conclusion, the results of the current study suggest that technical skills,
especially ball speed for males and accuracy in complex situations for both males and
females, continue to develop in adolescence in talented tennis players. There is an
increased understanding about underlying technical skills that contribute to
progress towards elite tennis performance. To effectively develop technical skills,
coaches are encouraged to design specific practices where these skills are
performed in complex situations under high cognitive and temporal pressure.
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Introduction

Many structured talent development programs have been developed for sports, including

tennis (1, 2). National tennis associations provide specialized training programs with the aim

of developing and perfecting tennis performance. Offering the best facilities, training and

guidance is thus a priority for associations in order to develop talented players optimally.
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Unfortunately, our understanding of talent development processes

is rather limited and it is difficult to provide specific

recommendations for tennis associations (3). A thorough

understanding of tennis-specific skills during a player’s

adolescence is required to facilitate the development of talents

performing at a level where details make the difference.

Outstanding technical skills are considered essential for

performance in sports. Most of the studies in a recent systematic

review found that technical skills discriminate between

performance levels, explain past performance or predict future

performance (4). Studies on tennis-specific technical skills

underline that players at a higher performance level outscore

players at a lower performance level on measures such as

ball speed, percentage errors and accuracy (5). An increased ball

speed reduces the time for an opponent to return the ball

successfully (6, 7). The amount of errors seems particularly

important for reaching professional level, as the error rate is

lower among professional players compared to elite youth players

(8). To be in control in a match, players should also hit their

strokes with sufficient accuracy as hitting the ball to a specific

location on the court allows them to keep the ball far enough

from their opponents to produce a winner or cause the opponent

to make an error (9). Spin rate, however, may be equally

important, because the amount of spin imparted to the ball

affects its ball trajectory. This is useful to overcome constraints

of the game (i.e., net and court boundaries) or for a tactical

advantage (10).

The relevance of technical skills for youth tennis performance

was confirmed by a recent prospective study showing that ball

speed and accuracy measured under 14 years (U14) were

significant predictors of tennis performance at the same time and

4 years later (11). Technical skills were assessed with the Dutch

Technical-Tactical Tennis Test (D4T), a reliable and valid on-

court test (12). Games were simulated which were either fixed or

variable. In the fixed situations, players needed to direct their

strokes to predetermined target areas, whereas in the variable

situations the players were required to consider the direction of

their strokes (e.g., respond to an imaginary opponent). Variable

situations were considered more complex compared to fixed

situations, due to the presumed higher cognitive load. More in

depth-analyses of this prospective study revealed that the ability

to maintain accuracy in variable situations, not in fixed

situations, was considered essential to reach the elite level under

18 years (U18). In other words, players who reached the elite

level U18 were more accurate in variable situations in their

younger years (i.e., U14) compared to lower performing players

U18. However, how these technical skills develop during

adolescence, especially from the age of 12–16 years, and what

important technical changes take place during this period

remains open to debate. Adolescence is regarded as a key

developmental phase in the course of talented players’ careers.

Development occurs in combination with physical change,

including puberty, the pubertal growth spurt, and accompanying

maturational changes (13). By exploring the technical skills of

talented players in different age categories, we may acquire a
Frontiers in Sports and Active Living 02
better understanding of underlying technical skills that contribute

to progress towards elite tennis performance. Knowledge about

the important technical changes during adolescence may be of

value for the adaptation of talent development programs.

From a constraints-led perspective, technical performance

emerges from the interaction between the person (e.g.,

anthropometry, physical skills), the environment (e.g., court

surface, type of competition) and the task at hand (e.g.,

complexity, intensity) (14, 15). Through systematically

manipulating constraints it is possible to construct and mimic a

tennis-specific situation. With the D4T, task constraints are

manipulated by changes in the complexity of the task. From the

literature it is apparent that if the complexity of the task

increases, there is a decrease in technical performance in a range

of sports including ice hockey, rugby and soccer (16–18). By

means of simulating fixed and variable situations, the D4T allows

tennis players to experience technical demands in situations of

different complexity. Another way to adjust the complexity in the

D4T is by changes in time constraints. The impact of time

constraints on tennis performance is reflected by simulating

offensive, neutral and defensive situations in the D4T. Players

need to make quick and accurate decisions in order to perform

accurately under high time pressure (19). In a defensive situation,

there is less time for anticipating the direction of an opponents’

stroke and keeping the accuracy of strokes high compared to an

offensive situation where players are in control of the rally (20).

The speed-accuracy tradeoff is highlighted in a group of youth

tennis players with less accuracy in defensive compared to

offensive situations (12). Given that technical skills are always

executed in a particular context, we must consider the tennis-

specific context when examining the technical skills in a group of

talented youth players.

Technical skills in complex situations appear crucial for

progress towards elite tennis performance, however, it is

unknown how these skills develop in different age categories in a

group of talented youth players. Therefore, our aim of this study

is to evaluate possible differences in technical skills of Dutch

talented youth tennis players under 15 (U15) compared to under

17 years (U17). We hypothesized that (a) players U17 have

superior technical skills compared to players U15 and (b)

differences between players U17 and U15 are most pronounced

in complex situations (i.e., variable and defensive situations).
Method

Ethical approval

Ethical approval for this research protocol (PSY-1819-S-0262)

was obtained from the Psychology Department of the University

of Groningen (Groningen, Netherlands, September 19th, 2019).

We obtained advanced written informed consent or assent from

all players and advanced written informed consent from parents

or legal guardians of all players under 16 years of age (the legal

age for giving consent in the Netherlands).
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Participants

Nineteen youth players between 12 and 17 years old (12 males,

7 females; age 14.6 ± 1.4 years) participated in this study. All

participants were within the national high-performance program

of the Royal Dutch Lawn Tennis Association (KNLTB).

According to their year of birth, males were ranked between

position 2 and 14 on the national ranking list of the KNLTB,

while females were ranked between position 1 and 5. Table 1

shows the age, anthropometric characteristics, tennis history,

tennis practice and additional physical practice for players U15

and U17 and males and females separately.
Measures

Anthropometry
Anthropometric data were obtained, which included body

height, sitting height and body mass. Players’ body height and

sitting height were measured with a SECA height tape

instrument to the nearest 0.1 cm (SECA, model 206, Seca

Instruments, Ltd., Hamburg, Germany). Players were standing

with bare feet against the wall (or were sitting on a bench for

sitting height) and were asked to take a deep breath and to hold

it. Body mass was measured to the nearest 0.1 kg (UWE, model

ATM B150, Universal Weight Enterprise Co., Ltd., Taiwan). Leg

length was calculated by subtracting sitting height from body

height. Maturity status was estimated by the non-invasive

method of calculating the age at peak height velocity using sex-

specific predictive equations (21).
Technical skills
Ball speed, accuracy, percentage errors and spin rate were

measured with the Dutch Technical-Tactical Tennis Test (D4T),

a reliable and valid instrument to measure technical skills in

youth players (12). The D4T requires players to hit 72 balls,

grouped in four games of six rallies, in which each rally includes

three strokes fed by a ball machine. Each game consists of two

offensive, two neutral and two defensive rallies, representing

different tactical situations as displayed in Figure 1. The

difficulty of the ball projections was slightly increased compared

to the original D4T, making it more suitable for a group of
TABLE 1 Descriptive statistics (mean ± SD) of talented youth tennis players (n

U15

Male (n = 7) Female (n = 4) To
Age (years) 13.7 ± 0.7 13.2 ± 0.5

Height (cm) 168.2 ± 12.9 166.5 ± 5.8 1

Weight (kg) 52.1 ± 11.8 51.1 ± 5.1

Maturity offset (years) −0.2 ± 1.4 1.4 ± 0.6

Age starting tennis (years) 6.4 ± 1.8 5.5 ± 0.6

Tennis experience (years) 7.4 ± 1.5 7.7 ± 1.0

Tennis practice (hours/week) 11.8 ± 2.5 10.9 ± 1.5

Physical practice (hours/week) 3.8 ± 1.1 4.5 ± 0.5
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talented youth players. Offensive rallies consist of three ball

projections just beyond the service line. Neutral rallies comprise

of three ball projections to the area around the middle of the

court a half to one meter before the baseline, and defensive

rallies includes three ball projections to the sideline and beyond

the service line. The different tactical situations occurred in

random order in each game.

The various games have increasing complexity. In the first and

second game, players have to return their strokes to the left target

area (deuce side) and right target area (advantage side), respectively

(Figure 1). In the third game, players have to alternate their strokes

between the left and right target area. For example, if players direct

their strokes to the left-right-left target area in the first rally, they

should aim their strokes to the right-left-right target area in the

second rally. In the fourth game, players have to return their

strokes to the left or right target area, as indicated by a simulated

opponent (research assistant) who moves either 1.5 meters to the

left or right side of the court. Hence, players have to return their

strokes to the opposite side of the side where the opponent is

moving to. This is a modification from the original D4T where

the target area in the fourth game was determined by lights

which turned red either on the left or right side of the court.

The simulated opponent was used instead of lights to increase

the ecological validity of the D4T. The conditions in the first and

second game were more fixed compared to the variable and

complex conditions in the third and fourth game. During the

test, players were allowed to rest for 15 s in between the rallies

and 90 s after three games, which was similar to match play.

More detailed information on the D4T has been reported

previously (12).

Technical skills were recorded with PlaySight SmartCourt, a

system for video-review and analytics and equipped with 10 on-

court cameras. This system allows for the valid registration of

ball speed, ball placement, spin rate and the registration of

session video material (Playsight, 2015). For accuracy, a total of

nine, six and three points were awarded to balls landing inside

the small, middle and large target area, respectively (Figure 1).

One point was awarded to balls landing outside the target areas,

but still in the court on the correct side (determined by the given

game situation). Balls landing in the wrong side of the court,

outside the singles lines or in the net, were awarded with zero

points. Percentage errors was calculated as the number of faults

divided by the total number of strokes multiplied by hundred.
= 19).

U17

tal (n = 11) Total (n = 8) Male (n = 5) Female (n = 3)
13.5 ± 0.6 16.0 ± 0.5 16.1 ± 0.6 15.7 ± 0.2

67.6 ± 10.5 176.3 ± 5.8 177.7 ± 3.5 174.1 ± 9.1

51.7 ± 9.6 67.4 ± 6.2 69.2 ± 5.4 64.3 ± 7.4

0.4 ± 1.4 2.3 ± 0.7 2.0 ± 0.4 2.7 ± 1.0

6.0 ± 1.5 4.3 ± 1.5 4.3 ± 1.7 5.7 ± 1.2

7.5 ± 1.3 11.8 ± 1.6 12.1 ± 1.9 11.3 ± 1.4

11.5 ± 2.2 14.5 ± 2.4 14.5 ± 2.4 14.5 ± 3.0

4.0 ± 1.0 5.3 ± 1.0 5.1 ± 0.9 5.7 ± 1.2
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FIGURE 1

Illustration of the D4T with various tactical situations. This figure shows the test situation of the D4T with various tactical situations. The symbols represent
the three ball projections in an offensive (▴), neutral (▪) and defensive (●) tactical situation.

TABLE 2 Descriptive statistics of technical skills (mean ± SD) and differences between talented tennis players U15 and U17.

U15 U17

Male (n = 7) Female (n = 4) Total (n = 11) Total (n = 8) Male (n = 5) Female (n = 3)
Ball speed (kmh) 95.7 ± 7.2* 93.8 ± 5.7 95.0 ± 6.5 101.3 ± 10.0 107.4 ± 3.6* 91.1 ± 8.8

Accuracy (pts) 2.5 ± 0.5 2.5 ± 0.5 2.5 ± 0.5* 2.9 ± 0.3* 2.9 ± 0.3 2.9 ± 0.3

Errors (%) 27.8 ± 10.0 26.4 ± 6.5 27.3 ± 8.5 26.8 ± 5.5 26.5 ± 4.1 27.3 ± 8.4

Spin rate (rpm) 840.7 ± 243.9 659.6 ± 105.9 774.8 ± 217.7 884.6 ± 287.7 1015.9 ± 273.9 665.9 ± 157.3

*p < 0.05 significantly different between players U15 and U17.

Kolman et al. 10.3389/fspor.2023.1107740
Procedures

All measurements took place at the National Training Center of

the KNLTB in Amstelveen in the Netherlands. Measurements took

place on a hard-court indoor tennis court with PlaySight

SmartCourt system for video-review and analytics using 10 on-

court cameras. Before the D4T, players performed a warm-up of

10 min, including 5 min of hitting groundstrokes. Players were

alternately tested with the remaining players conducting a training

session at low to medium intensity. Measurements took place in

the morning or afternoon (10.00 a.m. to 18.00 p.m.), depending on

players’ time of training. Participants were fed with moderately

used tennis balls (Dunlop Fort Max TP) by a manually

programmed ball machine (Promatch SmartShot Xtra, Mubo,

Gorinchem). Participants used their own tennis racket during the

test protocol. Before the measurements, a research assistant was

trained to move 1.5 meters to either the left or right side of the

court just after the ball was fed by the ball machine. The research

assistant moved according to a predetermined program, with half

of the movement being to the left and right, respectively.
Data analysis

For the statistical analyses, we used SPSS Statistics for Mac,

version 28 (IBM Corp., Armonk, N.Y.). For all significance tests,
Frontiers in Sports and Active Living 04
we used an α-level of 0.05. We screened the data to ensure

variables met the assumptions necessary for the use of

parametric statistics before data analysis. We performed a one-

way ANCOVA with age category as grouping factor (U15 versus

U17) for each technical skill separately (i.e., ball speed, accuracy,

percentage errors and spin rate), whilst controlling for sex which

we considered a covariate. When heterogeneity of regression

slopes was found, we performed a two-way ANOVA to analyze

the effect of age category and sex on the relevant technical skill.

We considered an effect size of η2 = 0.01 as small, η2 = 0.06 as

medium and η2 = 0.14 as large (22). In the case of a significant

covariate and for the technical skills that were statistically

different between players U15 and U17, we performed additional

analyses. We conducted one-way ANOVAs to further unravel

differences between age categories for the relevant technical skills

in complex situations. First, we assessed differences between

players U15 and U17 for the relevant technical skill in fixed and

variable game situations. Second, we measured differences

between players U15 and U17 for the relevant technical skill in

different tactical situations.
Results

Table 2 illustrates the mean scores of technical skills for players

U15 and U17 and males and females separately. A one-way
frontiersin.org
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ANCOVA revealed a significant interaction between age category

and the covariate sex for ball speed, indicating that the

assumption of homogeneity of regression slopes was violated.

Therefore, a two-way ANOVA was performed to analyze the

effect of age category and sex on ball speed. There was a

statistically significant interaction between the effects of age

category and sex [F(1,15) = 5.472, p = 0.034, η2 = 0.267]. Simple

main effects analyses showed no statistically significant effect of

age category on ball speed [F(1,15) = 2.128, p = 0.165, η2 = 0.124],

while there was a statistically significant effect of sex on ball

speed [F(1,15) = 8.568, p = 0.010, η2 = 0.364]. Males U17

produced higher ball speed compared to males U15 [F(1,10) =

11.017, p = 0.008, η2 = 0.524], while no differences were found

between females U15 and U17 [F(1,5) = 0.250, p = 0.638, η2 =

0.048].

A one-way ANCOVA revealed a significant main effect of age

category on accuracy after controlling for sex [F(1,16) = 5.021, p =

0.040, η2 = 0.239]. No differences were found between players U15

and U17 for spin rate [F(1,16) = 1.221, p = 0.286, η2 = 0.071] and

percentage errors [F(1,16) = 1.2711, p = 0.885, η2 = 0.001],

although sex was found a significant covariate for spin rate

[F(1,16) = 5.861, p = 0.028, η2 = 0.268]. No differences were found

between females U15 and U17 [F(1,5) = 0.004, p = 0.952, η2 =

0.001] and males U15 and U17 [F(1,10) = 1.363, p = 0.270, η2 =

0.120] for spin rate, although the medium to large effect size for

males indicates that males U17 produced higher spin rates than

males U15.
Accuracy in tennis-specific situations

Based on the significant difference between age categories for

accuracy, we performed additional analyses for accuracy in

complex situations. Figures 2, 3 show the accuracy for players

U15 and U17 in fixed and variable game situations and different
FIGURE 2

Accuracy in fixed and variable games for players U15 and U17. This figure sh
standard deviations of the mean); *p < 0.05 significant difference between pla
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tactical situations, respectively. A significant difference was found

between players U15 and U17 on accuracy in game 4 [F(1,17) =

6.358, p = 0.022, η2 = 0.272] and accuracy in defensive situations

[F(1,17) = 9.602, p = 0.007, η2 = 0.361].
Discussion

To evaluate possible differences in technical skills among

talented tennis players in different age categories, players of the

Dutch national high-performance program U15 and U17 were

compared on different technical skills. Males U17 produced

higher ball speed compared to males U15, while no differences

were found between females U15 and U17. A difference was

found between age categories for accuracy for both male and

female players, with players U17 being more accurate than

players U15. A closer examination of accuracy demonstrates that

players U17 scored higher in complex situations than players

U15, given the higher accuracy in the variable game 4 and in

defensive situations. These findings were in line with our

hypotheses and suggest that technical skills, especially ball speed

for males and accuracy in complex situations for both males and

females, continue to develop in adolescence in a group of youth

talented tennis players.

According to the constraints-led approach, changing task

constraints requires an adaptation of the current motor behavior.

By differences in task complexity, players were forced to deal

with various situations in order to maintain or improve the

accuracy of their strokes. In line with earlier research, our

findings reveal that under increased task complexity (i.e., high

temporal and cognitive pressure), the older and more

experienced players were better able to maintain their accuracy

than their younger and less experienced counterparts (23).

Tennis players are confronted with situations in which motor
ows the mean accuracy in various game situations (errors bars represent
yers U15 and U17 for accuracy.
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FIGURE 3

Accuracy in tactical situations for players U15 and U17. This figure shows the mean accuracy in tactical situations (errors bars represent standard deviations
of the mean); *p < 0.05 significant difference between players U15 and U17 for accuracy.
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and cognitive tasks have to be executed simultaneously (24, 25).

For example, players need to anticipate the next ball, recall

strategies and play the ball with adequate speed and accuracy

while being aware of their opponents’ strengths and weaknesses.

Usually, performance decreases under increased task complexity.

Unlike the fixed situations of the D4T, the variable situations

required players to consider the direction of their next ball,

possibly increasing the demands on attention and working

memory (26, 27). This is also apparent from the results of a

previous study with the D4T in which future elite players (mean

age 13.7 ± 0.5 years) were able to maintain their accuracy

throughout the game situations, while competitive players (mean

age 13.3 ± 0.5 years) became less accurate during the variable,

more complex situations (11). Both players U15 and U17 were

able to maintain their accuracy throughout the game situations,

possibly due to their higher performance level compared to the

competitive players in the previous study. Where players U17

were more accurate in game 4 than players U15, no differences

between these age categories were found in game 3. An

explanation for these findings might be related to the less

pronounced task complexity in game 3 compared to game 4

where players needed to look at the other side of the net to see

which side the simulated opponent moved in order to play the

ball to the opposite side. The accuracy of players U17 even

seemed to benefit from the increased task complexity in game 4

as indicated by the slightly higher accuracy compared to the

others game situations. Due to more years of tennis experience,

players U17 might have developed a higher degree of

automatization, resulting in a greater resistance to skill

decrement under more complex situations than players U15 (23,

28). While it is uncommon for players, especially novices, to

perform more accurately in variable than in fixed situations,

previous research has shown increased performance in complex

situations in experienced hockey players (29). One possibility is
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that the diversion of attention to another task (e.g., focusing on

the simulated opponent) attenuates disruptive conscious

processing of movements that can occur in fixed situations.

In contrast to players U17, players U15 were unable to

maintain their accuracy under high temporal demands, imposed

by ball projections to the sidelines of the court in the defensive

situations. The decrease in accuracy in players U15 suggests that

the task complexity in the defensive situation might have been

too high, causing them to play less accurately due to the greater

information processing load (30). In neutral and offensive

situations, the task complexity is relatively low, remaining

substantial attentional capacity for additional tasks (e.g., focusing

on the next ball projection). However, as the temporal pressure

increases, greater attention is required to be devoted to maintain

stroke accuracy, resulting in reduced processing capacity for

anticipating the next ball in the defensive situation. Another

explanation for players U17 to be more accurate in defensive

situations than players U15 might be related to differences in

anthropometry and physical skills such as sprint speed (31, 32)

and agility (33). During adolescence, there is an increase in

height and players develop more strength and power (13). In the

present study, players U17 were taller, heavier and more mature

than players U15. Individual differences in growth and

maturation, and associated increases in running speed and

agility, could translate into an advantage for older youth players

in defensive situations.

There was an interaction effect between age category and sex

for ball speed, indicating that males U17 produced higher ball

speed compared to males U15, while no differences were found

between females U15 and U17. These findings were not

surprising, given that the maturational time course of males and

females is quite different (13). On average, females mature earlier

than males. Several studies have shown a relationship between

ball speed in groundstrokes and anthropometric factors such as
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height, weight and maturity status (6, 7, 11). In the present study,

females U15 have already experienced their growth spurt as

opposed to males U15. During the pubertal transition from early

through mid-adolescence, males become taller, heavier and

stronger, increasing the differences between males U17 and males

U15 on outcomes related to anthropometry and physical skills,

such as ball speed. This may also apply to spin rate, given the

significant main effect of sex and the medium effect size of age

category. Males generated more spin than females, and the

medium to large effect size for males indicates that males U17

produced higher spin rates compared to males U15. The effect of

anthropometry and physical skills on spin rate merits further

investigation, but earlier research studying the mechanics of spin

rate also mention the impact angle and racket speed as factors

affecting spin rate (34).

There are a few strengths and weaknesses to consider. The

design of the D4T provides interesting insights for tennis

performance, however it is not completely representative of

tennis performance demands. Players were forced to direct their

strokes to a specific side of the court, depending on the fixed or

variable game situation. The location of the ball projections has

impacted the direction of players’ stroke, which was either more

cross-court or down the line. Changing the ball angle of a ball

projected to the side line, by attempting to play it down the line,

possibly increases the amount of lateral errors (35). In actual

tennis competition, players are free to decide the direction of

their strokes, which may result in a different amount of errors

than during the D4T. Another weakness related to the lack of

representativeness is the use of a ball machine, where players

cannot use relevant kinematic information from the opponent

(e.g., distal cues from arm and racket) to anticipate the direction

of strokes (36, 37). Returning strokes from a ball machine could

result in different swing timing and movement coordination,

limiting the generalization of the results (38). However, the use

of a ball machine allows for the reliable and valid comparison of

technical skills between age categories due to the standardized

test design. Another strength of this study was the use of a

homogeneous group of talented players, with all participants

playing at the highest level in their age category in the

Netherlands. Understanding the underlying technical skills of

this sample can help optimize talent development programs.

Future studies should examine how technical skills measured

with the D4T, particularly accuracy in complex situations, relate

to on-court tennis performance under high temporal and

cognitive pressure. The association of on-court test performance

with match activities is considered a feasible approach for

evaluating ecological validity (39).

The present cross-sectional study provides insight into the

technical differences between players U15 and U17, increasing

the understanding of underlying technical skills that contribute

to progress towards elite tennis performance. However, the actual

process of technical development is unknown and it is unclear

whether players U15 improve their skills, and specifically

accuracy in complex situations, to the current level of players

U17 in 2 years. Differences between these age categories may still

exist due to the earlier age of starting tennis, more years of
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tennis experience and higher amount of training hours for

players U17. In future studies, a longitudinal study design is

advised to determine the actual process of technical development

over time in a group of talented tennis players.

In conclusion, the results of the current study suggest that

technical skills, especially ball speed for males and accuracy in

complex situations for both males and females, continue to

develop in adolescence from U15 to U17 in a group of youth

talented tennis players. This study increases the understanding of

underlying technical skills that contribute to progress towards

elite tennis performance. To effectively develop technical skills,

coaches are encouraged to design specific practices where these

skills are performed in situations under high cognitive and

temporal pressure.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving human participants were reviewed and

approved by the Psychology Department of the University of

Groningen. Written informed consent to participate in this study

was provided by the participants’ legal guardian/next of kin.
Author contributions

NK, BH, CV and ME-G contributed to the study conception

and design. NK collected the data, wrote the first draft of the

manuscript and analyzed the data. NK, BH, CV and ME-G

reviewed and edited previous versions of the manuscript, read,

and approved the final version of the manuscript. All authors

contributed to the article and approved the submitted version.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
frontiersin.org

https://doi.org/10.3389/fspor.2023.1107740
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Kolman et al. 10.3389/fspor.2023.1107740
References
1. Crespo M, McInerney P. Talent identification and development in tennis. ITF
Coach Sport Sci Rev. (2006) 14(39):1–2.

2. Ribeiro J, Davids K, Silva P, Coutinho P, Barreira D, Garganta J. Talent
development in sport requires athlete enrichment: contemporary insights from a
nonlinear pedagogy and the athletic skills model. Sports Med. (2021) 51(6):1115–22.
doi: 10.1007/s40279-021-01437-6

3. Till K, Baker J. Challenges and [possible] solutions to optimizing talent
identification and development in sport. Front Psychol. (2020) 11:664. doi: 10.3389/
fpsyg.2020.00664

4. Koopmann T, Faber I, Baker J, Schorer J. Assessing technical skills in talented
youth athletes: a systematic review. Sports Med. (2020) 50(9):1593–611. doi: 10.
1007/s40279-020-01299-4

5. Kolman NS, Kramer T, Elferink-Gemser MT, Huijgen BC, Visscher C. Technical
and tactical skills related to performance levels in tennis: a systematic review. J Sports
Sci. (2019) 37(1):108–21. doi: 10.1080/02640414.2018.1483699

6. González-González I, Rodríguez-Rosell D, Clavero-Martín D, Mora-Custodio R,
Pareja-Blanco F, García JMY, et al. Reliability and accuracy of ball speed during
different strokes in young tennis players. Sports Med Int Open. (2018) 2(5):E133–41.
doi: 10.1055/a-0662-5375

7. Landlinger J, Stöggl T, Lindinger S, Wagner H, Müller E. Differences in ball speed
and accuracy of tennis groundstrokes between elite and high-performance players. Eur
J Sport Sci. (2012) 12(4):301–8. doi: 10.1080/17461391.2011.566363

8. 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.

9. Lyons M, Al-Nakeeb Y, Hankey J, Nevill A. The effect of moderate and high-
intensity fatigue on groundstroke accuracy in expert and non-expert tennis players.
J Sports Sci Med. (2013) 12(2):298–308.

10. Cant O, Kovalchik S, Cross R, Reid M. Validation of ball spin estimates in tennis
from multi-camera tracking data. J Sports Sci. (2020) 38(3):296–303. doi: 10.1080/
02640414.2019.1697189

11. Kolman NS, Huijgen BCH, Visscher C, Elferink-Gemser MT. The value of
technical characteristics for future performance in youth tennis players: a prospective
study. PLoS One. (2021) 16(1):e0245435. doi: 10.1371/journal.pone.0245435

12. Kolman N, Huijgen B, Kramer T, Elferink-Gemser M, Visscher C. The Dutch
technical-tactical tennis test (D4T) for talent identification and development:
psychometric characteristics. J Hum Kinet. (2017) 55(1):127–38. doi: 10.1515/hukin-
2017-0012

13. Malina RM, Rogol AD, Cumming SP, e Silva MJC, Figueiredo AJ. Biological
maturation of youth athletes: assessment and implications. Br J Sports Med. (2015)
49(13):852–9. doi: 10.1136/bjsports-2015-094623

14. Newell K. Constraints on the development of coordination. In: MG Wade, HTA
Whiting, editors. Motor development in children: Aspects of coordination and control.
Dordrecht: Martinus Nijhoff (1986). p. 341–60.

15. Renshaw I, Davids K, Newcombe D, Roberts W. The constraints-led approach:
Principles for sports coaching and practice design. London: Routledge (2019).

16. Fait PE, McFadyen BJ, Reed N, Zabjek K, Taha T, Keightley M. Increasing task
complexity and ice hockey skills of youth athletes. Percept Mot Skills. (2011) 112
(1):29–43. doi: 10.2466/05.10.23.25.pms.112.1.29-43

17. Gabbett TJ, Abernethy B. Dual-task assessment of a sporting skill: influence of
task complexity and relationship with competitive performances. J Sports Sci. (2012)
30(16):1735–45. doi: 10.1080/02640414.2012.713979

18. Huijgen BC, Elferink-Gemser MT, Ali A, Visscher C. Soccer skill development in
talented players. Int J Sports Med. (2013) 34(8):720–6. doi: 10.1055/s-0032-1323781

19. García-González L, Moreno A, Gil A, Moreno MP, Villar FD. Effects of decision
training on decision making and performance in young tennis players: an applied
research. J Appl Sport Psychol. (2014) 26(4):426–40. doi: 10.1080/10413200.2014.917441

20. Crognier L, Féry YA. Effect of tactical initiative on predicting passing shots in
tennis. Appl Cogn Psychol. (2005) 19(5):637–49. doi: 10.1002/acp.1100
Frontiers in Sports and Active Living 08
21. Mirwald RL, Baxter-Jones AD, Bailey DA, Beunen GP. An assessment of
maturity from anthropometric measurements. Med Sci Sports Exercise. (2002) 34
(4):689–94. doi: 10.1097/00005768-200204000-00020

22. Cohen J. Statistical power analysis for the behavioral sciences (2nd ed.). New
York: Routledge (1988).

23. Kal E, Prosée R, Winters M, Van Der Kamp J. Does implicit motor learning lead
to greater automatization of motor skills compared to explicit motor learning? A
systematic review. PLoS One. (2018) 13(9):e0203591. doi: 10.1371/journal.pone.
0203591

24. Amico G, Schaefer S. Tennis expertise reduces costs in cognition but not in
motor skills in a cognitive-motor dual-task condition. Acta Psychol. (2022)
223:103503. doi: 10.1016/j.actpsy.2022.103503

25. Schaefer S. The ecological approach to cognitive–motor dual-tasking: findings
on the effects of expertise and age. Front Psychol. (2014) 5:1167. doi: 10.3389/fpsyg.
2014.01167

26. Abernethy B, Maxwell JP, Masters RS, Van Der Kamp J, Jackson RC. Attentional
processes in skill learning and expert performance. In: GTRC Eklund, editors.
Handbook of sport psychology. Hoboken, NJ: John Wiley & Sons (2007). p. 245–63.

27. Buszard T, Masters RS, Farrow D. The generalizability of working-memory
capacity in the sport domain. Curr Opin Psychol. (2017) 16:54–7. doi: 10.1016/j.
copsyc.2017.04.018

28. Schaefer S, Scornaienchi D. Table tennis experts outperform novices in a
demanding cognitive-motor dual-task situation. J Mot Behav. (2020) 52(2):204–13.
doi: 10.1080/00222895.2019.1602506

29. Jackson RC, Ashford KJ, Norsworthy G. Attentional focus, dispositional
reinvestment, and skilled motor performance under pressure. J Sport Exerc Psychol.
(2006) 28(1):49–68. doi: 10.1123/jsep.28.1.49

30. Poolton JM, Masters RS, Maxwell J. The influence of analogy learning on
decision-making in table tennis: evidence from behavioural data. Psychol Sport
Exerc. (2006) 7(6):677–88. doi: 10.1016/j.psychsport.2006.03.005

31. Kramer T, Valente-Dos-Santos J, Coelho-E-Silva MJ, Malina RM, Huijgen BC,
Smith J, et al. Modeling longitudinal changes in 5 m sprinting performance among
young male tennis players. Percept Mot Skills. (2016b) 122(1):299–318. doi: 10.1177/
0031512516628367

32. Kramer T, Valente-Dos-Santos J, Visscher C, Coelho-e-Silva M, Huijgen BC,
Elferink-Gemser MT. Longitudinal development of 5 m sprint performance in
young female tennis players. J Sports Sci. (2021) 39(3):296–303. doi: 10.1080/
02640414.2020.1816313

33. Kramer T, Huijgen BC, Elferink-Gemser MT, Visscher C. A longitudinal study
of physical fitness in elite junior tennis players. Pediatr Exerc Sci. (2016a) 28
(4):553–64. doi: 10.1123/pes.2016-0022

34. Choppin S, Goodwill S, Haake S. Impact characteristics of the ball and racket
during play at the wimbledon qualifying tournament. Sports Eng. (2011) 13
(4):163–70. doi: 10.1007/s12283-011-0062-7

35. Brody H. Unforced errors and error reduction in tennis. Br J Sports Med. (2006)
40(5):397–400. doi: 10.1136/bjsm.2005.023432

36. Cañal-Bruland R, van Ginneken WF, van der Meer BR, Williams AM. The effect
of local kinematic changes on anticipation judgments. Hum Mov Sci. (2011) 30
(3):495–503. doi: 10.1016/j.humov.2010.10.001

37. Huys R, Cañal-Bruland R, Hagemann N, Beek PJ, Smeeton NJ, Williams AM.
Global information pickup underpins anticipation of tennis shot direction. J Mot
Behav. (2009) 41(2):158–71. doi: 10.3200/jmbr.41.2.158-171

38. Carboch J, Süss V, Kocib T. Ball machine usage in tennis: movement initiation
and swing timing while returning balls from a ball machine and from a real server.
J Sports Sci Med. (2014) 13(2):304–8.

39. Castagna C, Krustrup P, D’Ottavio S, Pollastro C, Bernardini A, Póvoas SCA.
Ecological validity and reliability of an age-adapted endurance field test in young
male soccer players. J Strength Cond Res. (2019) 33(12):3400–5. doi: 10.1519/jsc.
0000000000002255
frontiersin.org

https://doi.org/10.1007/s40279-021-01437-6
https://doi.org/10.3389/fpsyg.2020.00664
https://doi.org/10.3389/fpsyg.2020.00664
https://doi.org/10.1007/s40279-020-01299-4
https://doi.org/10.1007/s40279-020-01299-4
https://doi.org/10.1080/02640414.2018.1483699
https://doi.org/10.1055/a-0662-5375
https://doi.org/10.1080/17461391.2011.566363
https://doi.org/10.1080/02640414.2019.1697189
https://doi.org/10.1080/02640414.2019.1697189
https://doi.org/10.1371/journal.pone.0245435
https://doi.org/10.1515/hukin-2017-0012
https://doi.org/10.1515/hukin-2017-0012
https://doi.org/10.1136/bjsports-2015-094623
https://doi.org/10.2466/05.10.23.25.pms.112.1.29-43
https://doi.org/10.1080/02640414.2012.713979
https://doi.org/10.1055/s-0032-1323781
https://doi.org/10.1080/10413200.2014.917441
https://doi.org/10.1002/acp.1100
https://doi.org/10.1097/00005768-200204000-00020
https://doi.org/10.1371/journal.pone.0203591
https://doi.org/10.1371/journal.pone.0203591
https://doi.org/10.1016/j.actpsy.2022.103503
https://doi.org/10.3389/fpsyg.2014.01167
https://doi.org/10.3389/fpsyg.2014.01167
https://doi.org/10.1016/j.copsyc.2017.04.018
https://doi.org/10.1016/j.copsyc.2017.04.018
https://doi.org/10.1080/00222895.2019.1602506
https://doi.org/10.1123/jsep.28.1.49
https://doi.org/10.1016/j.psychsport.2006.03.005
https://doi.org/10.1177/0031512516628367
https://doi.org/10.1177/0031512516628367
https://doi.org/10.1080/02640414.2020.1816313
https://doi.org/10.1080/02640414.2020.1816313
https://doi.org/10.1123/pes.2016-0022
https://doi.org/10.1007/s12283-011-0062-7
https://doi.org/10.1136/bjsm.2005.023432
https://doi.org/10.1016/j.humov.2010.10.001
https://doi.org/10.3200/jmbr.41.2.158-171
https://doi.org/10.1519/jsc.0000000000002255
https://doi.org/10.1519/jsc.0000000000002255
https://doi.org/10.3389/fspor.2023.1107740
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

	Technical skills in complex tennis situations: Dutch talented players U15 compared to players U17
	Introduction
	Method
	Ethical approval
	Participants
	Measures
	Anthropometry
	Technical skills

	Procedures
	Data analysis

	Results
	Accuracy in tennis-specific situations

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


