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Determining the effect of one
decade on fitness of elite Austrian
youth soccer players using
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1Department of Sport and Exercise Science, University of Salzburg, Salzburg, Austria, 2Department of
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Current trends in attacking strategies and increases in external workload have led
to a need for fast and well-conditioned athletes in modern soccer. More recently,
progressions in speed, coordination, power and endurance were found over a
decade in elite Austrian youth players. However, possible confounders such as
relative age, maturation, learning effects, and academy philosophy may have
influenced these changes. The present study aimed to determine the decade
effect on fitness under statistical control of players’ exact age, height, body
mass, test location as well as total number of pretests and time interval between
test and pretest. Players annually completed a battery of anthropometric,
general and soccer-specific fitness tests. MANCOVA was calculated to identify
the overall impacts of the covariates on fitness. To balance the covariates of
initially 2,530 “former” (2002 to 2005) and 2,611 “recent” (2012 to 2015) players,
1:1 nearest neighbor propensity score (PS) matching was used, resulting in 587
U13, 573 U14, 475 U15, 325 U16, 262 U17, and 129 U18 matched pairs. The
decade effect on fitness was assessed by independent t-tests and Cohen’s d
separately at each age group. Superior performances of recent players were
found for linear sprint across all age categories (d= 0.154–0.476) as well as for
agility (d= 0.125–0.340) and change-of-direction speed (d=0.172–0.466) in
U15 to U18. Reaction speed increased in U13 (d= 0.288) and U15 (d= 0.310).
Flexibility reduced over the decade in all age categories (d=−0.151 to −0.589)
and upper-limb power decreased (d=−0.278 to −0.347) in U13 and U14.
Balancing the covariate distribution via PS matching generally confirmed
previous findings, with fitness decade effects reflecting the athletic needs for
modern soccer. Since fitness performance changed over time, reference values
should be periodically updated. Coaches favor both physical and cognitive fast
players nowadays. Thus, training should target all aspects of speed, without
disregarding flexibility, upper-limb power and other preventive strategies that
keep the players on the pitch.
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1. Introduction

“Transition is the magic moment in a game” (1) and “pace packs a punch” (2) are two

observations in recent technical reports from FIFAWorld Cup 2014 and UEFA EURO 2020.

Current successful teams tend to shift their offensive strategies towards “quick attacks
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instead of endless elaboration and possession” (3). Referring to

English Premier League matches, counterattacks were 3.4 times

more effective in creating goal scoring opportunities than

combinative play (4). This “vertical mindset” (3) during the

transition from defense to offence is characterized by both high ball

speed and a low number of passes (5, 6) as well as high sprint speed

of the players (7). Associated with this, the goal scoring probability

decreases by 7% per additional pass and by 2% per second of attack

duration (8). Consequently, modern soccer requires technically and

physically skilled players within all playing positions (9).

These trends in attacking strategies are paralleled by greater

physical and technical challenges nowadays. Progressions in

game speed (i.e., ball speed) and in match structure (i.e., shorter,

more intense play periods) (10) as well as increases in external

workload (i.e., high-intensity running and sprinting) (11–13)

made elite level soccer more physically demanding over the

years. In the English Premier League, those increases in workload

along with improvements in pitch quality may also have led to

more ectomorph players in recent years as they became taller

and lighter (14).

Given these trends in body shape and adultmatch play, it is rational

to expect improvements in elite adult and elite youth soccer players’

physical fitness over the years. In line with this expectation, sprint

performance enhancements have already been found in Norwegian

elite adult players (15), and intermittent endurance capacity increased

in Dutch U13 to U19 players (16) between the early 90s and late

2000s. On the other hand, power (i.e., countermovement jump) and

aerobic capacity (i.e., VO2max) of Norwegian elite players (15, 17) as

well as height, maturity and functional characteristics (i.e., 10, 20,

40 m sprint, countermovement jump, anaerobic power, VO2max, and

quadriceps strength) of 13-year-old French academy entrants (18)

remained fairly stable during this period. More recently, when

comparing elite Austrian youth soccer players’ fitness between 2002 to

2005 and 2012 to 2015 seasons, performance increases were found

mainly in speed, reaction time, and lower-body power at U13 to U14

age groups as well as in speed, coordination, and endurance at U15 to

U18 level (19).

Since these findings in Gonaus et al. (19) were accompanied by

changes in anthropometry and birth date distributions and since it

is rational to assume that repeated testing and test location biased

previous evaluations, it is an important step forward to reanalyze

the effect of this 10-year time span (i.e., the effect of the decade)

on fitness by best possibly controlling for these confounders.

Besides the improvements in fitness, height and body mass

increased at younger age groups (i.e., U13 to U14) and a more

pronounced relative age effect over the years was present over all

age categories, and at U15 level (19). Early born as well as early

maturing players may benefit, for example, from temporarily

height and weight advantages and superior fitness performance

during the talent selection process (20–23), with maturation

displaying greater influence on physical performance than

relative age (24). In the same vein, even though the criteria for

test qualities are fulfilled (25), learning effects resulting from

repeated measurements may have influenced the outcome (26).

Furthermore, dependent on the academy’s philosophy and style

of play, different player recruitment criteria and strategies may
Frontiers in Sports and Active Living 02
limit the comparison between players of different academies and

talent promotion institutions (27, 28).

To overcome these past limitations, the goal of the current

study was to compare the fitness characteristics between former

(2002 to 2005) and recent (2012 to 2015) elite Austrian youth

soccer players under consideration of the athletes’ height, body

mass and exact age as well as the total number of pretests, the

time interval between pretests and the location of the test. Based

on the outlined progression in adult match play and built on our

preliminary results, we hypothesized that even under the

statistical control of the confounding variables the fitness level in

sprint, power and endurance has improved over the investigated

decade across age groups (U13 to U18).
2. Materials and methods

To test the hypothesis, quasi-longitudinal cohort data from the

Austrian soccer talent promotion system were reanalyzed using the

propensity score (PS) matching approach to minimize bias in

estimation of the decade effect on fitness. The talent promotion

system in Austrian soccer was revised in 2001. Since then, U11

to U14 players are selected nationwide and systematically into

one of 29 accredited youth development centers (YDC) and the

most talented youngsters are subsequently drafted into one of 12

(until 2008: 13) youth soccer academies, covering age groups

U15 to U18 (19). In the present analysis, all YDC players at age

groups U13 to U14, and all U15 to U18 youth academy players

of the seasons 2002 to 2005 and, one decade later, of the seasons

2012 to 2015 were included. These players belong to the highest

performance level in their age category in Austria. To monitor

the athletic progression during adolescence, all promoted players

have to perform a battery of anthropometric, general and soccer-

specific fitness tests once, in autumn (U13 to U14), or twice, in

summer and winter (U15 to U18), a year. These data were

collected within a collaborative project of the Austrian Football

Association [Österreichischer Fußball-Bund (ÖFB)], the

Department of Sport and Exercise Science of the University of

Salzburg and the Elite Sport Centre Austria [Leistungssport

Austria; former Institute for Sports Medicine and Science

Austria] with the aim to scientifically guide the education and

training monitoring in elite Austrian youth soccer players

between the ages of 12 to 18 years. When entering the

promotion system, all players and their parents or guardians sign

a training agreement with the ÖFB, who, for their part, gave

their permission to the scientific processing of the data. The

study conformed to the Declaration of Helsinki and ethical

approval was obtained from the local university ethics

committee. Parts of the dataset have been used in two previous

studies of Gonaus and Müller (29), and Gonaus et al. (19).
2.1. Procedures

To ensure objectivity and standardization, the tests were

exclusively conducted by experienced performance diagnosticians
frontiersin.org
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and students from either the Department of Sport and Exercise

Science of the University of Salzburg, or the Elite Sport Centre

Austria on an indoor surface. The time of the day, the sequence

of the tests, starting with non-fatiguing exercises, and the

measurement systems (30–32) were kept identical throughout the

years.

After providing instructions about the test protocol and

execution, players’ exact age, height (measured with SECA 217

stadiometer, SECA, Hamburg, Germany), and body mass

(measured with SECA 813 flat scale, SECA, Hamburg, Germany)

were recorded. Following this, the players engaged in a 15 min

standardized warm-up, which included running exercises,

mobility and activation exercises, as well as sprints. All players

consecutively started with one trial of 20 m sprint and foot

tapping, subsequently performed two attempts of sit-and-reach

and 2 kg standing medicine ball throw, and continued with the

second trials of 20 m sprint and foot tapping. Afterwards, they

each performed one attempt of reaction test, and two trials of

5 × 10 m shuttle sprint, hurdles agility run, countermovement

jump and drop jump in a random order. Following a break of

30–45 min, U15 to U18 players conducted the 20 m multi-stage

endurance run. For those tests permitting two attempts, sufficient

time to recover was scheduled and only the better score

remained for statistical purposes.
2.2. Fitness test battery and measurement
systems

5, 10, 20 m sprint: Linear sprint speed was assessed by 20 m

sprint with 5 and 10 m split times (to the nearest 0.01 s; ICC =

0.561–0.837, Cronbach’s Alpha α = 0.762–0.937).

5 × 10 m shuttle sprint: Change-of-direction speed was

determined by 5 × 10 m shuttle sprint with each 180° turns

(0.01 s; ICC = 0.846, α = 0.923).

Hurdles agility run: General agility was quantified using the

hurdles agility run (0.01 s; ICC = 0.793, α = 0.893). A schematic

representation of the test setup and the procedure can be found

in Gonaus and Müller (29).

Infrared timing gates (Brower Timing Systems, Utah, United

States) placed 90 cm above ground were used in all sprint tests

and in the agility task. The players started in a step position

0.5 m behind the first timing gate.

Reaction test: Lower-limb multi-choice reaction speed was

determined by an eye-foot coordination task determining the

mean reaction time of 20 stimuli (1 ms; ICC = 0.476, α = 0.698)

within four possible directions via the computer-based system of

Fitronic (Fitronic Inc., Bratislava, Slovakia).

Foot tapping: Maximal speed of lower limbs was assessed using

foot tapping over 5 s and subsequently calculating bipedal cycles

per second (0.1 Hz; ICC = 0.925, α = 0.965).

20 m multi-stage endurance run: Aerobic endurance

performance was evaluated by the speed corresponding to

4 mmol·l−1 (0.1 km·h−1; ICC = 0.805, α = 0.916), determined by

repetitive 20 m runs for 3 min at 7.92, 9.72, 11.52 and

13.32 km·h−1, and blood lactate sampling during 90 s break
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intervals in between (Lactate Analyzer Biosen 5040, EKF

Industrie-Elektronik, Barleben, Germany).

Countermovement jump: Lower-body power was evaluated

using vertical countermovement jump with arm swing (0.1 cm;

ICC = 0.749, α = 0.863).

Drop jump: Lower-body reactive strength was assessed using

two-legged drop jump (coefficient 0.01; ICC = 0.744, α = 0.860).

The performance from 30 cm (U13 to U14) and 40 cm (U15 to

U18) drop height was operationalized by the formula described

in Gonaus and Müller (29), taking jump height (0.1 cm) and

ground contact time (1 ms) into account.

Both jump tests and the foot tappings were recorded without

shoes using a Kistler force plate (Kistler Instrument Corporation,

Winterthur, Switzerland).

2 kg medicine ball throw: Upper-limb power was determined by

an overhead ball throw using a 2 kg medicine ball in size 4 of a

football and with a maximum of one-step run-up (0.1 m; ICC =

0.935, α = 0.967).

Sit-and-reach: The performance in general flexibility was

assessed by the sit-and-reach (1 cm; ICC = 0.964, α = 0.990).

Positive values indicating that the players reached over their toes

while standing on a sit-and-reach box.

A more detailed description of all single tests as well as the

reliability analyses of a comparable sample of academy players are

provided by Gonaus and Müller (25, 29). According to the principle

component analysis in Gonaus and Müller (29), the tests were

categorized into “speed” (5, 10, 20 m sprint, and shuttle sprint),

“coordination and endurance” (agility run, reaction test, foot tapping,

and endurance run), and “power and flexibility” (countermovement

jump, drop jump, medicine ball throw, and sit-and-reach).
2.3. Participants

Analogous toGonaus et al. (19), the data of 2,530 “former” players

tested in the years from 2002 to 2005, and of 2,611 “recent” players

tested from 2012 to 2015 were considered. Only the test results from

autumn (i.e., September or October; U13 to U14) and winter (i.e.,

November, December or January; U15 to U18) were regarded. Some

players were repeatedly tested during the respective 4-year period,

whereas others, due to normal fluctuation within the promotion

program, injuries or any other reason for nonparticipation, were

investigated less often, leading to a total of 4,058 (2002 to 2005) and

4,448 (2012 to 2015) measurements. Only complete datasets

including all anthropometric characteristics and at least 8 out of 9

fitness tests (U13 to U14) or 9 out of 10 tests (U15 to U18) were

analyzed; thus, the resulting number of measurements per age

group, categorized by period (former vs. recent), were: U13 (n = 672

vs. n = 964), U14 (713 vs. 906), U15 (570 vs. 869), U16 (427 vs.

740), U17 (357 vs. 482), and U18 (208 vs. 282).
2.4. Statistical analyses

Outliers displaying z-scores <−4.0 and >4.0 were rejected for

each age group and period separately (33).
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Some confounding categorical and continuous variables were

defined to reduce the bias in the estimation of the decade effect.

Categorical variables included were the total number of pretests

(“0” = no pretest, “1” = 1 pretest, “2”≥ 2 pretests), the time

interval between test and pretest (“0” = no pretest, “1”≤ half a

year, “2”≥ one year), and the location of the development center

or of the academy (i.e., 9 locations at U13 and U14, 12 locations

at U15 to U18). Continuous covariates included were exact age

(0.01 years), height (1 cm), and body mass (0.1 kg).

To identify the overall impacts of these confounders on the

fitness performance, a multivariate analysis of covariance

(MANCOVA) was performed for each age group separately, with

pretests, interval (only U15 to U18), location, and period as the

between-subjects variables, with exact age, height, and body mass

as covariates, and with all fitness tests as the dependent variables.

Partial eta squared (η²P) was computed and the significance level

was set at p < 0.05.

For the matching procedure, a one-dimensional PS was

estimated by means of logistic regression (34) using the decade

as the outcome variable, and the confounding variables (i.e.,

covariates) as the predictors to create a matched sample of

players from the former period (i.e., 2002 to 2005) and similar

sample of players from the recent period (i.e., 2012 to 2015).

After calculating the PS for each age group separately, the actual

matching on these estimated scores commenced. A 1:1 nearest

neighbor matching was applied in order to find the best possible

matched groups (35), where each individual of the recent group

was matched to that individual of the former group with the

respective closest PS. To avoid poor matches, a caliper (i.e., the

maximum distance permitted between matched individuals (36)

of 0.25 standard deviations of the linear PS (37) was

implemented and adjusted for each age group separately (U13 =

0.031; U14 = 0.035; U15 = 0.040; U16 = 0.054; U17 = 0.045; U18 =

0.060). Since each individual can be considered only once for

pairing, a random selection order has been selected (38). In a

further step, quality checks of the resulting matched samples

were assessed by numerical (e.g., standardized differences of the

means of the PS), and graphical (e.g., histograms of the PS

before and after matching) diagnostics (35, 37, 39). Moreover,

chi-squared tests on pretests, interval, and location as well as

independent t-tests on PS, exact age, height, and body mass were

conducted to assess the covariate balance before and after

matching. Cramer’s V (V ) and Cohen’s d (d) were calculated

and the significance level was set at p < 0.05.

Since small random differences in the confounding variables

may still remain even after matching, the subjects should still be

treated as independent (40). Thus, and because of lower type-I

error, independent samples t-tests using a significance level of

0.05 were performed to analyze the effect of the decade on the

fitness characteristics. Since the order in which the treated

individuals were selected into the matching process has an effect

on the quality of the matches (41), the matching procedure, the

quality checks and the subsequent inferential statistics (i.e.,

independent t-tests) were repeated 10 times for each age group.

Analogous to the pooling phase of the multiple imputation

approach described in Enders (42), age-group specific means (i.e.,
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the arithmetic average of the 10 sampling means) and total

variances (i.e., summing up the within-imputation variance, the

between-imputation variance, and the sampling variance of the

mean) were calculated for each four-year period. Cohen’s d was

computed corresponding to the formula for between-subjects

designs described in Lakens (43), and was classified as trivial

(d < 0.2), small (d = 0.2), medium (d = 0.5), and large (d = 0.8),

respectively (44).

The PS matching was performed in IBM SPSS statistics version

25.0 (SPSS Inc., Chicago, IL, United States) using the “psmatching

3.04”-program, which is a R plug-in based on the statistical

software package R (Version 3.3.3, R Core Team, Auckland, New

Zealand). A detailed installation description of “psmatching 3.04”

as well as an operation manual for this particular SPSS extension

software is described in Thoemmes (34). The subsequent

inferential statistics were also executed with IBM SPSS, whereas

graphics and descriptive evaluations were generated using

Microsoft Office (Version 2016, Microsoft, Seattle, WA, United

States).
3. Results

The main effects of pretests, interval, and location for all

players on the fitness test performance within age group as

well as the influence of the covariables exact age, height, and

body mass are displayed in Table 1. Main effects were found

for pretests (η²P = 0.022–0.086, p ≤ 0.038; except for U15-U16),

and location (η²P = 0.021–0.056, p < 0.001). Additionally, all

covariables (exact age, η²P = 0.019–0.035, p ≤ 0.028; height, η²P
= 0.041–0.086, p ≤ 0.021; body mass, η²P = 0.151–0.293, p <

0.001) influenced the fitness performance, except for exact age

at U17 and U18 level.

Descriptive and inferential analyses of categorical and

continuous covariates within age group in the original dataset as

well as in the matched dataset are presented in Tables 2, 3.

Differences between former and recent players were found for

pretests (V = 0.071–0.254, p≤ 0.027), interval (V = 0.085–0.161,

p≤ 0.047; except for U18), and location (V = 0.154–0.355,

p < 0.001) in the original dataset across all age groups. In

addition, pre-matching differences within age group between the

two periods were found for exact age (U13 to U14, d = 0.185–

0.303, p < 0.001; U15 to U18, d =−0.287 to −0.562, p < 0.001),
height (d = 0.264–0.320, p < 0.001; except for U15 to U18), and

body mass (U13 to U14, d = 0.115–0.183, p≤ 0.022; U16 to U17,

d =−0.199 to −0.238, p≤ 0.004; except for U15 and U18) as well

as for the propensity score (d =−0.602 to −1.155, p < 0.001).
The subsequent matching procedure resulted in 587, 573, 475,

325, 262, and 129 players per period in U13, U14, U15, U16, U17,

and U18, respectively. After matching, the balance in all categorical

covariates (pretests, V = 0.002–0.043, p≥ 0.785; interval, V = 0.003–

0.050, p≥ 0.724; location, V = 0.018–0.068, p≥ 0.997) and in all

continuous variables (exact age, d =−0.049–0.018, p≥ 0.693;

height, d =−0.020–0.017, p≥ 0.789; body mass, d =−0.016–0.024,
p≥ 0.714; PS, d =−0.003–0.000, p≥ 0.982) improved substantially

between the two periods throughout all six age groups (Tables 2, 3).
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TABLE 1 Results of the MANCOVA of all players within age group: effects of pretests, interval, location, and period on fitness performance, controlled for
exact age, height, and body mass.

Fixed factors Wilks’ lambda F df p η²P Covariables Wilks’ lambda F df p η²P
U13 Pretests 0.978 3.143 11, 1,557 <0.001 0.022 Exact age 0.965 5.095 11, 1,557 <0.001 0.035

Location 0.841 3.103 88, 10,219 <0.001 0.021 Height 0.914 13.365 11, 1,557 <0.001 0.086

Period 0.975 3.665 11, 1,557 <0.001 0.025 Body mass 0.849 25.241 11, 1,557 <0.001 0.151

U14 Pretests 0.914 13.108 11, 1,539 <0.001 0.086 Exact age 0.981 2.734 11, 1,539 0.002 0.019

Location 0.644 7.957 88, 10,101 <0.001 0.053 Height 0.930 10.463 11, 1,539 <0.001 0.070

Period 0.854 23.834 11, 1,539 <0.001 0.146 Body mass 0.780 39.394 11, 1,539 <0.001 0.220

U15 Pretests 0.982 1.717 12, 1,125 0.058 0.018 Exact age 0.970 2.912 12, 1,125 0.001 0.030

Interval 0.986 1.292 12, 1,125 0.217 0.014 Height 0.940 5.937 12, 1,125 <0.001 0.060

Location 0.663 3.595 132, 9,225 <0.001 0.037 Body mass 0.712 37.964 12, 1,125 <0.001 0.288

Period 0.968 3.064 12, 1,125 <0.001 0.032

U16 Pretests 0.983 1.364 12, 973 0.177 0.017 Exact age 0.977 1.930 12, 973 0.028 0.023

Interval 0.994 0.470 12, 973 0.933 0.006 Height 0.959 3.467 12, 973 <0.001 0.041

Location 0.739 2.272 132, 7,981 <0.001 0.027 Body mass 0.707 33.671 12, 973 <0.001 0.293

Period 0.979 1.765 12, 973 0.050 0.021

U17 Pretests 0.968 1.845 12, 671 0.038 0.032 Exact age 0.981 1.105 12, 671 0.353 0.019

Interval 0.988 0.670 12, 671 0.782 0.012 Height 0.938 3.707 12, 671 <0.001 0.062

Location 0.661 2.165 132, 5,509 <0.001 0.037 Body mass 0.765 17.199 12, 671 <0.001 0.235

Period 0.961 2.268 12, 671 0.008 0.039

U18 Pretests 0.940 1.965 12, 367 0.026 0.060 Exact age 0.980 0.624 12, 367 0.822 0.020

Interval 0.964 1.135 12, 367 0.330 0.036 Height 0.938 2.029 12, 367 0.021 0.062

Location 0.533 1.831 132, 3,021 <0.001 0.056 Body mass 0.826 6.431 12, 367 <0.001 0.174

Period 0.961 1.246 12, 367 0.250 0.039
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Figure 1 visualizes performance increases (positive Cohen’s

d ), decreases (negative Cohen’s d ) and statistical significances

between former (2002 to 2005) and recent (2012 to 2015)

Austrian soccer players at YDC (U13 to U14) and academy

level (U15 to U18).
3.1. Youth development center

Regarding the factor “speed”, after controlling for the

covariates, recent YDC players showed better performances in

5 m (0.01–0.02 s, d = 0.187–0.297, p ≤ 0.001), 10 m (0.02–

0.03 s, d = 0.233–0.290, p < 0.001), and 20 m sprint (0.02–0.03

s, d = 0.154–0.196, p ≤ 0.008). Only trivial effects of

decade were found for shuttle sprint (p ≥ 0.202) at YDC level

(Table 4).

With respect to “coordination”, trivial to small enhancements of

recent YDC players were reported for reaction test (11–29 ms, d =

0.111–0.288, p≤ 0.062). Trivial changes over the decade were

computed for hurdles agility run (p≥ 0.391) at U13 to U14 and foot

tapping (p= 0.909) at U13. The latter even displayed a performance

decrease over the years at U14 (−0.2 Hz, d =−0.208, p < 0.001)

(Table 5).

Concerning “power and flexibility”, former YDC players

outperformed the recent players in the medicine ball throw

(−0.3 m to −0.5 m, p < 0.001) and sit-and-reach (−2.8 to

−3.2 cm, p < 0.001), with small effects in upper-limb power (d =

−0.278 to −0.347) and medium effects in flexibility (d =−0.474
to −0.589). Only trivial effects of decade were measured in

countermovement jump (p≥ 0.044) and drop jump (p≥ 0.314) in

both age groups (Table 6).
Frontiers in Sports and Active Living 05
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With reference to “speed”, recent academy players

outperformed the former players within all age groups at 5 m

(0.01–0.03 s, d = 0.241–0.467, p≤ 0.054), 10 m (0.02–0.04 s, d =

0.267–0.476, p≤ 0.033), 20 m (0.04–0.07 s, d = 0.356–0.437,

p≤ 0.002), and shuttle sprint (0.08–0.20 s, d = 0.172–0.466,

p≤ 0.029). The largest effect sizes were detected at U15 level for

the linear sprint (5 m, d = 0.467; 10 m, d = 0.476; 20 m, d = 0.437),

and at U18 for the shuttle sprint (d = 0.466) (Table 4).

Regarding “coordination and endurance”, hurdles agility run

improved over the decade across all age groups (0.19–0.23 s, d =

0.269–0.340, p≤ 0.008), except for U16 (p≥ 0.118), whereas

reaction test performance enhanced solely at U15 (25 ms, d =

0.310, p < 0.001). Only trivial effects over time were found for

foot tapping (d =−0.170–0.115, p = 0.031–0.478) and endurance

run (p≥ 0.443) at academy level (Table 5).

With respect to “power and flexibility”, former players were

more flexible across academy years (−1.0 to −2.4 cm, p≤ 0.020;

except for U18), with d =−0.151 to −0.357. In addition, trivial to

small performance decreases were shown in drop jump at U16 to

U18 (−0.35 to −0.53, d =−0.150 to −0.203, p≤ 0.109). Only

trivial effects over the decade were detected in countermovement

jump (p≥ 0.134) and medicine ball throw (p≥ 0.124) across all

academy age groups (Table 6).
4. Discussion

We evaluated whether the fitness level of elite Austrian youth

soccer players has changed over one decade under statistical
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TABLE 3 Descriptive (M ± SD) and inferential (former vs. current period) statistics of the propensity score and the continuous covariates before and after
propensity score matching.

Before propensity score matching After propensity score matching (pooled estimates)

2002 to 2005 2012 to 2015 t-statistic p Cohen’s d 2002 to 2005 2012 to 2015 t-statistic p Cohen’s d
U13 n = 672 n = 964 n = 587 n = 587

Propensity score 0.46 ± 0.12 0.38 ± 0.14 −12.286 <0.001 −0.602 0.44 ± 0.12 0.44 ± 0.12 −0.009 0.993 −0.001
Exact age (yrs.) 12.32 ± 0.27 12.42 ± 0.35 6.294 <0.001 0.303 12.33 ± 0.30 12.33 ± 0.34 −0.029 0.977 −0.002
Height (cm) 151.4 ± 7.2 153.7 ± 7.6 6.377 <0.001 0.320 151.8 ± 7.5 151.7 ± 7.6 −0.206 0.837 −0.012
Body mass (kg) 41.0 ± 6.5 42.3 ± 6.8 3.641 <0.001 0.183 41.2 ± 6.8 41.1 ± 6.7 −0.275 0.784 −0.016
U14 n = 713 n = 906 n = 573 n = 573

Propensity score 0.50 ± 0.19 0.39 ± 0.12 −13.093 <0.001 −0.688 0.43 ± 0.11 0.43 ± 0.11 −0.014 0.989 −0.001
Exact age (yrs.) 13.30 ± 0.30 13.35 ± 0.29 3.690 <0.001 0.185 13.33 ± 0.30 13.33 ± 0.33 −0.119 0.905 −0.007
Height (cm) 158.3 ± 8.6 160.5 ± 8.5 5.271 <0.001 0.264 159.2 ± 8.5 159.1 ± 9.0 −0.060 0.952 −0.004
Body mass (kg) 47.0 ± 8.3 47.9 ± 8.2 2.288 0.022 0.115 47.5 ± 8.5 47.3 ± 9.8 −0.263 0.793 −0.016
U15 n = 570 n = 869 n = 475 n = 475

Propensity score 0.47 ± 0.16 0.35 ± 0.16 −13.867 <0.001 −0.747 0.43 ± 0.15 0.43 ± 0.15 −0.007 0.995 0.000

Exact age (yrs.) 14.61 ± 0.37 14.52 ± 0.28 −5.023 <0.001 −0.287 14.59 ± 0.40 14.59 ± 0.29 0.184 0.854 0.012

Height (cm) 169.6 ± 8.2 170.3 ± 7.9 1.457 0.145 0.079 169.7 ± 8.7 169.8 ± 8.5 0.268 0.789 0.017

Body mass (kg) 58.7 ± 9.6 58.1 ± 8.8 −1.275 0.203 −0.069 58.3 ± 10.0 58.5 ± 9.8 0.367 0.714 0.024

U16 n = 427 n = 740 n = 325 n = 325

Propensity score 0.49 ± 0.22 0.29 ± 18 −16.005 <0.001 −1.024 0.41 ± 0.18 0.41 ± 0.18 −0.016 0.987 −0.001
Exact age (yrs.) 15.68 ± 0.29 15.52 ± 0.28 −9.244 <0.001 −0.562 15.63 ± 0.31 15.63 ± 0.27 −0.220 0.826 −0.017
Height (cm) 175.1 ± 6.3 174.8 ± 6.6 −0.748 0.455 −0.045 175.0 ± 6.6 174.9 ± 8.2 −0.225 0.822 −0.018
Body mass (kg) 65.9 ± 7.7 64.0 ± 7.8 −3.910 <0.001 −0.238 65.4 ± 7.9 65.4 ± 10.3 0.048 0.961 0.004

U17 n = 357 n = 482 n = 262 n = 262

Propensity score 0.50 ± 0.18 0.37 ± 0.16 −11.202 <0.001 −0.794 0.44 ± 0.16 0.44 ± 0.16 −0.019 0.985 −0.002
Exact age (yrs.) 16.66 ± 0.29 16.51 ± 0.28 −7.249 <0.001 −0.506 16.60 ± 0.29 16.60 ± 0.26 0.206 0.837 0.018

Height (cm) 177.6 ± 5.8 177.3 ± 6.2 −0.869 0.385 −0.061 177.6 ± 6.3 177.5 ± 7.3 −0.233 0.816 −0.020
Body mass (kg) 69.5 ± 7.2 68.1 ± 7.0 −2.854 0.004 −0.199 69.1 ± 7.5 68.9 ± 7.6 −0.188 0.851 −0.016
U18 n = 208 n = 282 n = 129 n = 129

Propensity score 0.56 ± 0.24 0.32 ± 0.18 −12.133 <0.001 −1.155 0.43 ± 0.19 0.43 ± 0.19 −0.022 0.982 −0.003
Exact age (yrs.) 17.64 ± 0.29 17.50 ± 0.27 −5.313 <0.001 −0.491 17.58 ± 0.30 17.56 ± 0.29 −0.395 0.693 −0.049
Height (cm) 178.5 ± 5.7 178.8 ± 6.1 0.588 0.557 0.054 178.8 ± 6.5 178.7 ± 8.3 −0.127 0.899 −0.016
Body mass (kg) 71.3 ± 6.7 71.0 ± 6.6 −0.417 0.677 −0.038 71.3 ± 7.2 71.4 ± 8.2 0.047 0.963 0.006

Gonaus et al. 10.3389/fspor.2023.1186199
control for players’ height, body mass and exact age as well as the

total number of pretests, the time interval between pretests and the

location of the test. Superior performances of recent players were

found for linear sprint speed across all age categories as well as

for general agility and change-of-direction speed at academy

level. In addition, reaction speed increased over the decade most

notably at U13 and U15 level. However, flexibility decreased over

time in almost all age categories and upper-limb power decreased

at YDC level.

The improvements of sprint speed in elite Austrian youth soccer

players over the years fit well into current prospects that soccer “is

likely to be played at higher speeds in the future” (45). Evolutions

in game speed and the shift to shorter, more intense play periods

(10) as well as enhancements of maximum running speed and

higher proportions of explosive sprints (11) underline that a certain

level of sprint speed is indispensable within the modern game.

Besides linear sprint, the observed enhancements at academy level

in general agility and in the ability to perform rapid changes in

direction may be ascribed to progresses concerning training

specificity (46) as contemporary training approaches integrate

physical work into tactical and technical work by the use of small

sided games (47) and soccer-specific change-of-direction drills (48,

49). Nevertheless, supplementing small sided games and soccer-
Frontiers in Sports and Active Living 08
specific drills with isolated strength, power and speed training may

be most beneficial during the academy years (50, 51) to enhance

both the ability to perform single maximal efforts (i.e., acceleration,

deceleration, change-of-direction) and the ability of repeating such

maximal efforts (52). The prognostic relevance of both linear and

change-of-direction speed as well as repeated sprint ability and

endurance in terms of talent identification (53) further underlines

the need for both fast and well-conditioned players within the

modern game.

Furthermore, recent players showed superior multi-choice

reaction time performance over the years, especially at U13 and

U15 level. These two age groups mark decisive transitions within

the Austrian talent promotion system, where players are selected

into either YDC (U13) or youth soccer academies (U15).

Growing evidence and awareness of the impact of cognitive

performance on the success in ball sports (e.g., 54) make it very

plausible that coaches favor players with improved cognitive

functions (e.g., faster decision making skills) and better game

reading skills (e.g., responding more rapidly to a relevant sign)

nowadays (10, 55, 56). Besides these positive performance trends

over the investigated period, recent players demonstrate inferior

general flexibility compared to former ones, ranging from small

to medium Cohen’s d throughout all age categories. Considering
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FIGURE 1

Changes (Cohen’s d ) in “speed” (square), “coordination and endurance” (circle), and “power and flexibility” (triangle) between former (2002 to 2005) and
current (2012 to 2015) U13 (A), U14 (B), U15 (C), U16 (D), U17 (E), and U18 (F) soccer players after matching (full symbols) compared to Gonaus et al. (19)
(empty symbols). 5/10/20 m= 5/10/20 m sprint, SS = 5 × 10 m shuttle sprint, HAR = hurdles agility run, RT = reaction test, FT = foot tapping, ER = 20 m
multi-stage endurance run, CMJ = countermovement jump, DJ = drop jump, MBT = 2 kg overhead medicine ball throw, SR = sit-and-reach. * p < 0.05;
** p < 0.01; *** p < 0.001. Positive Cohen’s d values indicate superior performance of current players, whereas negative Cohen’s d values
denote performance decreases.
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TABLE 4 Descriptive, M ± SD (n), and inferential analyses for the factor “speed”.

2002 to 2005 2012 to 2015 Mean difference [95% CI] t-statistic p Cohen’s d [95% CI]

5 m sprint (s)
U13 1.17 ± 0.07 (584) 1.16 ± 0.06 (584) 0.01 [0.00; 0.02] 3.197 0.001 0.187 [0.072; 0.302]

U14 1.14 ± 0.07 (573) 1.12 ± 0.06 (573) 0.02 [0.01; 0.03] 5.021 <0.001 0.297 [0.180; 0.413]

U15 1.10 ± 0.07 (475) 1.06 ± 0.06 (475) 0.03 [0.02; 0.04] 7.191 <0.001 0.467 [0.338; 0.596]

U16 1.06 ± 0.07 (325) 1.04 ± 0.06 (325) 0.02 [0.01; 0.03] 3.904 <0.001 0.306 [0.152; 0.461]

U17 1.05 ± 0.07 (262) 1.03 ± 0.06 (262) 0.02 [0.01; 0.03] 3.578 <0.001 0.313 [0.140; 0.485]

U18 1.04 ± 0.06 (129) 1.03 ± 0.05 (129) 0.01 [−0.00; 0.03] 1.934 0.054 0.241 [−0.004; 0.486]

10 m sprint (s)
U13 2.01 ± 0.10 (584) 1.99 ± 0.09 (584) 0.02 [0.01; 0.03] 3.976 <0.001 0.233 [0.118; 0.348]

U14 1.96 ± 0.09 (573) 1.93 ± 0.09 (573) 0.03 [0.02; 0.04] 4.902 <0.001 0.290 [0.173; 0.406]

U15 1.87 ± 0.10 (475) 1.83 ± 0.08 (475) 0.04 [0.03; 0.05] 7.328 <0.001 0.476 [0.346; 0.604]

U16 1.81 ± 0.09 (325) 1.79 ± 0.08 (325) 0.03 [0.02; 0.04] 4.254 <0.001 0.334 [0.179; 0.489]

U17 1.79 ± 0.09 (262) 1.76 ± 0.07 (262) 0.03 [0.01; 0.04] 4.101 <0.001 0.358 [0.185; 0.531]

U18 1.77 ± 0.07 (129) 1.76 ± 0.06 (129) 0.02 [0.00; 0.04] 2.143 0.033 0.267 [0.021; 0.512]

20 m sprint (s)
U13 3.51 ± 0.16 (584) 3.49 ± 0.15 (584) 0.02 [0.01; 0.04] 2.638 0.008 0.154 [0.039; 0.269]

U14 3.41 ± 0.16 (573) 3.38 ± 0.16 (573) 0.03 [0.01; 0.05] 3.327 <0.001 0.196 [0.080; 0.312]

U15 3.24 ± 0.16 (475) 3.17 ± 0.15 (475) 0.07 [0.05; 0.09] 6.736 <0.001 0.437 [0.308; 0.566]

U16 3.12 ± 0.13 (325) 3.08 ± 0.15 (325) 0.05 [0.03; 0.07] 4.534 <0.001 0.356 [0.201; 0.511]

U17 3.07 ± 0.12 (262) 3.03 ± 0.11 (262) 0.04 [0.02; 0.06] 4.409 <0.001 0.385 [0.212; 0.558]

U18 3.05 ± 0.11 (129) 3.01 ± 0.10 (129) 0.04 [0.02; 0.07] 3.130 0.002 0.390 [0.143; 0.636]

5 × 10 m shuttle sprint (s)
U13 12.75 ± 0.57 (585) 12.72 ± 0.57 (585) 0.03 [−0.03; 0.09] 0.898 0.369 0.053 [−0.062; 0.167]
U14 12.34 ± 0.53 (570) 12.38 ± 0.55 (570) −0.04 [−0.10; 0.02] −1.275 0.202 −0.076 [−0.192; 0.041]
U15 11.77 ± 0.52 (470) 11.68 ± 0.48 (470) 0.09 [0.03; 0.16] 2.850 0.004 0.186 [0.058; 0.314]

U16 11.42 ± 0.47 (324) 11.34 ± 0.45 (324) 0.08 [0.01; 0.15] 2.184 0.029 0.172 [0.017; 0.326]

U17 11.27 ± 0.41 (260) 11.15 ± 0.41 (260) 0.12 [0.05; 0.19] 3.405 <0.001 0.299 [0.126; 0.472]

U18 11.22 ± 0.41 (129) 11.02 ± 0.45 (129) 0.20 [0.09; 0.31] 3.740 <0.001 0.466 [0.218; 0.713]
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that a reduced hip flexion range of motion increases the likelihood

for hamstring injuries (57) and that hamstring flexibility is a key

factor for performing soccer-specific skills (58), dynamic warm-

up programs including strength, balance and mobility exercises

should be added before games or during training sessions to

counter this negative trend (59).

Within the context of selection policies, relative age and

biological maturation are often attributed to affect fitness

performance at young ages (20, 21, 60) and thus, to influence

selection decisions in favor of early born or, even more, early-

matured players in elite youth soccer (61).

However, it is important to note that the impact of biological

maturation is greater on fitness than on motor coordination skills

(62) and that the effect of relative age and maturation should be

recognized as independent constructs (63). Accordingly, the

present MANCOVA showed a significant influence of the

covariables exact age, height and body mass on the fitness

performance. In addition, the number of pretests, e.g., representing

potential learning effects (26) as well as the location of the YDC

or academy, e.g., that coaches use different player recruitment

criteria and strategies (28), significantly influenced the fitness

outcome. Thus, the results of the MANCOVA served as the

rational for controlling these variables via statistical matching.

The results of the subsequent PS matching showed that the

matching led to an improved balance in all confounding

variables (exact age, height, body mass, pretests, interval, location)
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between the two periods throughout all six age groups. Any

statistical pre-matching differences of these confounders

disappeared after the matching procedure. Appling the PS

matching approach is rather unique in the talent development

research, even though this established multivariate matched

sampling method has received increased attention in medical

research (64) and social sciences (65). The statistical procedure is

typically applied in observational studies, when random

assignment to condition is not feasible (66). It uses the PS as a

single balancing variable to construct probabilistically equivalent

groups on the relevant covariates (39), and thus to minimize the

bias in the estimation of the treatment effect (35).

Compared to the original, non-matched dataset in Gonaus

et al. (19), balancing this covariate distribution via PS matching

resulted in rather similar outcomes. Even after controlling for

exact age, height, body mass, pretests, interval, and location,

recent Austrian youth soccer players were faster but less flexible

than former players in all age groups. However, the size of the

decade effects decreased especially at younger age groups when

comparing the non-matched vs. the PS matched dataset: at U13

to U14 in 5 m (0.360–0.463 vs. 0.187–0.297), 10 m (0.371–0.443

vs. 0.233–0.290), and 20 m sprint (0.294–0.358 vs. 0.154–0.196)

as well as at U13 to U15 in countermovement jump (0.199–0.255

vs. 0.045–0.118). It is reasonable that the greater influence of the

covariates on speed and lower-body power in younger age groups is

primarily caused by age and maturity related factors, underpinning
frontiersin.org
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TABLE 5 Descriptive, M ± SD (n), and inferential analyses for the factor “coordination and endurance”.

2002 to 2005 2012 to 2015 Mean difference [95% CI] t-statistic p Cohen’s d [95% CI]

Hurdles agility run (s)
U13 12.95 ± 0.93 (582) 12.90 ± 0.98 (582) 0.05 [−0.06; 0.15] 0.834 0.404 0.049 [−0.066; 0.164]
U14 12.57 ± 0.82 (565) 12.52 ± 0.99 (565) 0.05 [−0.06; 0.15] 0.857 0.391 0.051 [−0.066; 0.168]
U15 12.02 ± 0.75 (468) 11.82 ± 0.75 (468) 0.20 [0.11; 0.29] 4.112 <0.001 0.269 [0.140; 0.398]

U16 11.53 ± 0.66 (316) 11.45 ± 0.75 (316) 0.09 [−0.02; 0.20] 1.566 0.118 0.125 [−0.032; 0.281]
U17 11.37 ± 0.61 (251) 11.18 ± 0.71 (251) 0.19 [0.07; 0.30] 3.133 0.002 0.280 [0.104; 0.455]

U18 11.30 ± 0.70 (125) 11.06 ± 0.69 (125) 0.23 [0.06; 0.41] 2.682 0.008 0.340 [0.089; 0.589]

Reaction test (ms)
U13 760 ± 105 (585) 731 ± 93 (585) 29 [17; 40] 4.927 <0.001 0.288 [0.173; 0.403]

U14 686 ± 92 (567) 675 ± 104 (567) 11 [−1; 23] 1.867 0.062 0.111 [−0.006; 0.227]
U15 628 ± 92 (440) 603 ± 70 (440) 25 [15; 36] 4.590 <0.001 0.310 [0.177; 0.442]

U16 578 ± 79 (306) 569 ± 60 (306) 9 [−1; 20] 1.643 0.101 0.133 [−0.026; 0.291]
U17 563 ± 75 (248) 558 ± 57 (248) 5 [−6; 17] 0.856 0.392 0.077 [−0.099; 0.253]
U18 551 ± 62 (124) 554 ± 61 (124) −3 [−18; 12] −0.354 0.724 −0.045 [−0.294; 0.204]

Foot tapping (Hz)
U13 11.1 ± 1.1 (585) 11.0 ± 1.2 (585) −0.0 [−0.1; 0.1] −0.114 0.909 −0.007 [−0.121; 0.108]
U14 11.7 ± 1.1 (572) 11.5 ± 1.2 (572) −0.2 [−0.4; −0.1] −3.513 <0.001 −0.208 [−0.324; −0.091]
U15 12.7 ± 1.3 (475) 12.6 ± 1.2 (475) −0.1 [−0.3; 0.1] −1.216 0.224 −0.079 [−0.206; 0.048]
U16 13.4 ± 1.2 (323) 13.2 ± 1.2 (323) −0.2 [−0.4; −0.0] −2.165 0.031 −0.170 [−0.325; −0.016]
U17 13.6 ± 1.3 (262) 13.7 ± 1.2 (262) 0.1 [−0.1; 0.3] 0.710 0.478 0.062 [−0.109; 0.233]
U18 13.7 ± 1.2 (129) 13.9 ± 1.4 (129) 0.2 [−0.2; 0.5] 0.925 0.356 0.115 [−0.129; 0.360]

20 m multi-stage endurance run (km h−1)
U15 11.92 ± 0.85 (384) 11.89 ± 0.70 (384) −0.02 [−0.13; 0.09] −0.364 0.716 −0.026 [−0.168; 0.115]
U16 12.01 ± 0.84 (312) 12.06 ± 0.70 (312) 0.05 [−0.08; 0.17] 0.767 0.443 0.061 [−0.096; 0.218]
U17 12.15 ± 0.88 (249) 12.20 ± 0.71 (249) 0.05 [−0.09; 0.20] 0.729 0.466 0.065 [−0.110; 0.241]
U18 12.22 ± 0.72 (119) 12.23 ± 0.69 (119) 0.00 [−0.17; 0.18] 0.042 0.966 0.005 [−0.224; 0.229]

TABLE 6 Descriptive, M ± SD (n), and inferential analyses for the factor “power and flexibility”.

2002 to 2005 2012 to 2015 Mean difference [95% CI] t-statistic p Cohen’s d [95% CI]

Countermovement jump (cm)
U13 26.7 ± 5.2 (587) 27.3 ± 4.9 (587) 0.6 [0.0; 1,2] 2.019 0.044 0.118 [0.003; 0.232]

U14 29.1 ± 5.8 (572) 29.6 ± 5.1 (572) 0.5 [−0.1; 1.1] 1.569 0.117 0.093 [−0.023; 0.209]
U15 33.9 ± 5.6 (475) 34.2 ± 5.5 (475) 0.2 [−0.5; 1.0] 0.689 0.491 0.045 [−0.083; 0.172]
U16 37.0 ± 5.4 (325) 36.8 ± 6.5 (325) −0.2 [−1.1; 0.6] −0.479 0.632 −0.038 [−0.191; 0.116]
U17 38.7 ± 5.7 (262) 38.0 ± 5.1 (262) −0.7 [−1.6; 0.2] −1.499 0.134 −0.131 [−0.302; 0.040]
U18 39.5 ± 5.2 (129) 39.0 ± 5.3 (129) −0.5 [−1.8; 0.8] −0.749 0.455 −0.093 [−0.338; 0.151]

Drop jump (coeff.)
U13 5.05 ± 1.80 (583) 5.10 ± 2.06 (583) 0.05 [−0.17; 0.27] 0.422 0.673 0.025 [−0.090; 0.139]
U14 5.70 ± 1.89 (573) 5.58 ± 2.16 (573) −0.12 [−0.35; 0.11] −1.008 0.314 −0.060 [−0.175; 0.056]
U15 6.48 ± 2.27 (468) 6.47 ± 2.00 (468) −0.01 [−0.27; 0.25] −0.092 0.927 −0.006 [−0.134; 0.122]
U16 7.49 ± 2.21 (319) 7.14 ± 2.49 (319) −0.35 [−0.73; 0.02] −1.900 0.058 −0.150 [−0.306; 0.005]
U17 8.33 ± 2.21 (259) 7.94 ± 2.44 (259) −0.39 [−0.79; 0.01] −1.901 0.058 −0.167 [−0.340; 0.006]
U18 8.55 ± 2.85 (126) 8.02 ± 2.36 (126) −0.53 [−1.16; 0.10] −1.611 0.109 −0.203 [−0.451; 0.045]

2 kg overhead medicine ball throw (m)
U13 6.0 ± 1.3 (580) 5.7 ± 1.0 (580) −0.3 [−0.4; −0.2] −4.739 <0.001 −0.278 [−0.394; −0.163]
U14 7.1 ± 1.6 (567) 6.6 ± 1.3 (567) −0.5 [−0.7; −0.3] −5.850 <0.001 −0.347 [−0.465; −0.230]
U15 8.6 ± 1.5 (470) 8.7 ± 1.7 (470) 0.1 [−0.1; 0.3] 0.757 0.449 0.049 [−0.078; 0.177]
U16 9.9 ± 1.4 (323) 9.9 ± 1.8 (323) −0.1 [−0.3; 0.2] −0.524 0.600 −0.041 [−0.195; 0.113]
U17 10.7 ± 1.5 (261) 10.6 ± 1.5 (261) −0.0 [−0.3; 0.2] −0.350 0.727 −0.031 [−0.202; 0.141]
U18 11.0 ± 1.4 (126) 11.3 ± 1.7 (126) 0.3 [−0.1; 0.7] 1.544 0.124 0.194 [−0.053; 0.441]

Sit-and-reach (cm)
U13 6.4 ± 5.2 (583) 3.7 ± 6.5 (583) −2.8 [−3.5; −2.1] −8.091 <0.001 −0.474 [−0.590; −0.357]
U14 8.1 ± 5.4 (573) 4.9 ± 5.5 (573) −3.2 [−3.8; −2.6] −9.973 <0.001 −0.589 [−0.707; −0.471]
U15 10.0 ± 6.4 (474) 9.0 ± 7.3 (474) −1.0 [−1.9; −0.2] −2.328 0.020 −0.151 [−0.279; −0.024]
U16 12.8 ± 6.4 (322) 11.0 ± 8.0 (322) −1.8 [−2.9; −0.7] −3.204 0.001 −0.253 [−0.408; −0.097]
U17 13.5 ± 6.3 (260) 11.2 ± 6.9 (260) −2.4 [−3.5; −1.2] −4.065 <0.001 −0.357 [−0.530; −0.183]
U18 13.4 ± 6.3 (128) 12.1 ± 7.1 (128) −1.3 [−2.9; 0.3] −1.542 0.124 −0.193 [−0.439; 0.053]
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the importance to take these in talent identification and long-term

analyses of fitness parameters into account, particularly at YDC

level. Similar effects of the decade were found for reaction time at

younger age groups (U13 and U15) and for general agility as well

as for change-of-direction speed at academy level.

The present analysis is based upon our data from 2019 (19) but

aims to best possibly determine the effect of the decade on fitness

test performance alone by taking into account for some important

limitations mentioned in our previous paper. It is one main

strength of our study that it draws on a comprehensive fitness test

battery and on a large, longitudinal and nationwide sample. A

second unique feature is that the PS matching approach was

applied to reduce the bias in the estimation of the decade effect on

fitness when controlling for exact age, anthropometric variables,

repeated testing and academy location. Unlike traditional

parametric models such as the analysis of covariance, PS matching

does not rely on strict assumptions about the data (67) and is

capable to simultaneously control for many covariates (68). It has

further advantages over alternative approaches to achieve balance in

the covariate distribution particularly when conditions or groups do

not fully overlap, and there are nonlinear relationships between

covariates and the outcome (39).

Nevertheless, supplementary information on training content and

the amount of training hours might have been beneficial to draw more

precise conclusions about whether performance improvements over

time can be attributed to training induced evolutions or simply to

selection modifications. In addition, even though height and body

mass were included as confounders, more specific conclusions about

the impact of maturity on the current results may have been achieved

with knowledge of the level of maturation. For the future, adding

another decade (i.e., seasons 2022 to 2025) would be of great interest

to further examine the fitness evolution in elite Austrian youth soccer

players. Also, assuming that a sufficient amount of data are available,

the athletic development from U13 to U18 should be presented in a

true longitudinal design and could be further compared over the

decades. The prerequisite for this approach, however, is to maintain

consistency in the tests and the test procedures throughout the years.

Another limitation of the current procedure might be that all tests are

performed on the same day. Nevertheless, this approach is common

for field-based test batteries to balance testing economy (i.e., time

efficiency) and logistical factors (i.e., player availability), provided that

a sufficient amount of recovery between the tests and a standardized

test protocol is ensured (69).
5. Conclusion

Along with the evolution of physical performance in

professional soccer, elite Austrian youth soccer players have

become faster over a 10-year period under statistical control for

exact age, anthropometric variables, repeated testing and

academy location. These progressions in speed were not only

restricted to advances in linear sprint speed and change-of-

direction ability but also to improvements in reaction time.

Soccer training should therefore target all aspects of speed, both

the physical as well as the cognitive component. Preferable
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training contents should include small sided games and soccer-

specific drills but also consist of isolated strength, power and

speed training. Cognitive components should be improved by

appropriate training interventions and talent diagnostics should

be upgraded by adding cognitive tests. To prepare the youth

soccer players optimally for the transition to the first-team and

to keep up with the ongoing progressions of the elite level game

demands, reference values of fitness tests in youth soccer should

be updated on a regular basis. Besides those activities to enhance

players’ performance, flexibility training along with other

preventive strategies to avoid injuries should not be neglected in

order to maintain and/or increase players’ availability on the pitch.
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