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Abstract The aim of this study was to examine the effect of various contextual factors, such as
relative age, biological maturation, or competitive level, on the jumping performance of young
football goalkeepers. Vertical jump performance was evaluated in a selection of goalkeepers
(n = 110) from U-14 and U-16 category teams. The sample was categorized by relative age, biologi-
cal maturation, and competitive level. The results revealed a trend in the overall sample towards
an overrepresentation of goalkeepers born in the early months of the year. Maturity status influ-
enced the most in jumping performance of young goalkeepers (SJ: F = 11.27, p < .001, hp2 = 0.187;
CMJ: F = 8.72, p < .001, hp2 = 0.162; AJ: F = 8.37, p < .001, hp2 = 0.146), while the birth quartile
had no effect on the jumping performance in the sample. Statistical differences were significant for
SJ and CMJ between competitive level groups in the U-14 group only. (F = 5.37, p = .008,
hp2 = 0.186) and CMJ (F = 4.54, p = .016, hp2 = 0.159). This study showed a greater association
between maturation and jumping performance in young football goalkeepers rather than with rela-
tive age, which could influence the selection process in this field position at early ages.
© 2024 CONSELL CATALÀ DE L'ESPORT. Published by Elsevier España, S.L.U. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

One of the main aims of youth football clubs is to identify
and select players at early ages who have the potential to
succeed, in order to enrolled them into a specialized devel-
opment program.1,2 Football is a multifaceted sport and a
high performance in technical, tactical, physical/physiologi-
cal and mental/psychological attributes are needed to

succeed. However, clubs have traditionally focused on
anthropometrical attributes and physical performance on
this talent identification process.3 These physical character-
istics are related to the young player�s growth and develop-
ment, which may influence the selection of players.4

Football categories are generally organized based on player�s
chronological age, and players are grouped into 1- or 2-year
cohorts accordingly.5 The term relative age (RA) refers to
the player�s age regarding the cohort age and it has been
observed that young football players with higher RA are
more likely to be selected for elite teams or football devel-
opment programs.6 This phenomenon is known as the rela-
tive age effect (RAE) and it has been observed in throughout

* Corresponding author at: Sport Research Centre of Miguel
Hern�andez University, Department of Sport Sciences, Avda. de la
Universidad s/n, 03202 Elche, Spain.

E-mail address: ipena@umh.es (I. Pe~na-Gonz�alez).

https://doi.org/10.1016/j.apunsm.2024.100436
2666-5069/© 2024 CONSELL CATALÀ DE L'ESPORT. Published by Elsevier España, S.L.U. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Apunts Sports Medicine 59 (2024) 100436

www.apunts/org

http://crossmark.crossref.org/dialog/?doi=10.1016/j.apunsm.2024.100436&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:ipena@umh.es
https://doi.org/10.1016/j.apunsm.2024.100436
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.apunsm.2024.100436
http://www.apunts/org


different national and international teams and competi-
tions, different competitive levels and at different age cate-
gories, suggesting that it is a real bias in talent identification
and selection processes.7

Eventually, RAE has been explained as an advantage in
anthropometric and physical performance for those older
players.8 Despite of this former assumption, recent
research has shown diverse results when comparing physi-
cal performance between early-born and late-born play-
ers.8�10 It appears that simply being born a few months
earlier or later during the selection year does not imply
a higher sports performance, when the effect of matura-
tion is controlled.4,11 Considering this, it could be
hypothesised that the maturity status might have a
greater influence on young players’ physical perfor-
mance, as it refers to the structural and functional
changes in the body.10,11 Maturation refers to the devel-
opmental process by which individuals transition into
their adult state, while the concept of maturity status
pertains to a distinct point within the progression of an
individual's maturation. Players with an advanced matu-
rity status (i.e. who have past their peak height velocity
[PHV]) are generally taller and heavier throughout all
age groups.12 Additionally, they also tend to exceed in
physical capacities their less mature peers.4,13,14

Specific anthropometric and physiological attributes
may be needed for each playing position, hence
advanced-maturity players regularly have an advantage
to be selected for specific outfield positions as they use
to be larger in body size, faster and stronger.15 In partic-
ular, the goalkeeper is the player with the most specific
position of the team. These players are the only players
allowed to play the ball with the upper limbs in his own
area. In particular, goalkeepers’ main objective is to
avoid the ball entering the goal. To achieve this aim,
goalkeepers needs specific technical abilities (to make a
save by either catching the ball or deflecting it to pre-
vent it from entering the goal)16 and a deep tactical
understanding of the game. Physically, goalkeepers tend
to exhibit superior anthropometrics characteristics been
the highest and the heaviest players.17 To fulfill their
objective of preventing the ball from entering the goal,
they must perform explosive jumps, high-velocity kicking,
throws and explosive runs.18 The most crucial movement
involved in goalkeeping is the diving action (moving
quickly or suddenly through the air, especially in a down-
ward direction), which is performed up to 17 times per
match.19

Whereas this position-related variation in the selection
process and physical performance it’s been previously
examined,20 to the best of our knowledge, no previous
studies have analysed it exclusively within the position of
the goalkeepers, even though the specific requirements
of this position. Therefore, the purpose of this research
was to test the possible existence of RAE in the selected
sample and to examine the influence of contextual fac-
tors, such as RA, biological maturation, or competitive
level, on the jumping performance of young football
goalkeepers. This aims to underpin the impact of these
variables on the talent identification process and provide
relevant information to advance toward a fairer develop-
ment of future generations.

Methods

Participants

One hundred and ten young football goalkeepers from Spain,
from different U-14 (n = 58) and U-16 (n = 52) category teams
(age [years]: 14.16§ 1.12; PHV [years]: 0.22§ 1.22; mass
[kg]: 60.84§ 12.34; height [cm]: 167.80§ 8.97) were
included in this study. The inclusion criteria were1 having an
active goalkeeper license,2 having at least 3 years of experi-
ence as a goalkeeper, and3 being free from injury or illness
at the time of evaluation and in the preceding months or
weeks, respectively. The competitive level (CL) of the goal-
keepers were registered from CL1 (lowest CL in the country)
to CL4 (highest national CL in the country). This research
was approved by the Ethical Committee of the hosting insti-
tution (DCD.IPG.01.21). Each participant and their parents/
guardians signed an informed consent according to the Dec-
laration of Helsinki (2013).

Anthropometrics

Body height and sitting height were measured with a fixed
stadiometer (§ 0.1 cm; SECA LTD, Hamburg, Germany). Leg
length was obtained from body height � sitting height, and
body mass was measured with a digital scale (§ 0.1 kg;
Tanita BC-601, Tokio, Japan).

Relative age

The relative age was measured asking for the player’s birth
date. According to this data, the player was categorized in
an age group and in a birth quartile (Q) within its group. The
categorization by birth quartiles was carried out as follows:
Players born in the months of January to March were catego-
rized as Q1; players born between April and June as Q2,
those born between July and September as Q3; and those
born between October and December of the selection year
were categorized as Q4.

Maturity status

Players’ maturity status was estimated by the years from/to
the peak height velocity (PHV)21 which uses the players’
body weight, height, sitting height, leg-length and their dec-
imal age:

Yearsfrom=tothePHVforboys

¼ �9:236

þ 0:0002708 � Leglength � Sittingheightð Þð Þ

þ 0:001663 � Chronologicalage � Leglengthð Þð Þ

þ 0:007216 � Chronologicalage � Sittingheightð Þð Þ

þ 0:02292 � Weight=Height � 100ð Þð Þ

The estimation of the years from/to the PHV is the most
commonly used indicator of the somatic maturation in the
sports field.22 The PHV represents a theoretical point of
maximum growth in length during the individual’s adoles-
cence which usually happens at the age of 14 in boys and 12
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in girls.22�24 According to the years from/to the PHV, players
were matched in three maturity groups: PrePHV (players
before their PHV [< �0.5 years to their PHV]; n = 32),
MidPHV (players currently in their PHV [from �0.5 years to
their PHV to 0.5 years from their PHV]; n = 29) and PostPHV
(players after their PHV [> 0.5 years from their PHV];
n = 49).

Test procedure

Player’s anthropometrical parameters were obtained before
the jump assessment. Before the jumping performance
tests, players carried out a standardized warm-up that con-
sisted in 5 min of low-intensity running, 3�5 min of dynamic
stretching and 3�5 min of high-intensity actions, such as
short accelerations and decelerations, changes of direction
and jumps. To finish the warm-up and to ensure the players
performed squat technique properly, the players performed
squatting movements (2£ 8 repetitions) and 3 submaximal
jumps. 2�3 min after the warm up, the jumping ability of
the young goalkeepers was assessed using three tests of ver-
tical jump: the Squat Jump test (SJ), which refers to the
muscles contractile capability; the Countermovement Jump
test (CMJ), which includes the plyometric capability in the
jump and the Abalakov Jump test (AJ), which includes coor-
dinative components to the jump ability.25,26 The players
executed the SJ from a starting position with a knee flexion
angle of 90�. Throughout the jump, they were required to
maintain their hands on their hips, and performing a prior
countermovement was prohibited.27 In the case of the CMJ,
players initiated the jump from a standing position. They
were instructed to execute a countermovement involving
knee and hip flexion before the jump. Additionally, players
were instructed to maintain their hands on their hips
throughout the entire movement.27 The AJ followed the
same protocol as the CMJ, with the inclusion of a player's
arm swing.26 In all three jump protocols, goalkeepers were
encouraged to maximize their jumping performance. They
were specifically instructed to land with ankle dorsiflexion
and knee extension to avoid an increase of the fly time.

Jump height during the jump was recorded using the
smartphone app My Jump 2 for iOS (Apple Inc., Cupertino,
CA, USA). The performance of My Jump 2 has been validated
in the literature against laboratory gold-standard criteria
and tested in many kinds of populations.28,29 An iPhone 13
unit (Apple Inc., Cupertino, CA, USA) was used to record and
process high-speed videos (240 fps, 720p) of jump execu-
tions.30 The participants performed three attempts of each
type of jump, with a one-minute rest between them, ran-
domizing the order of the jumps. The best attempt of each
jump type was used for subsequent analysis.

Statistical analysis

Data is presented as mean § standard deviation. A chi-
square test was used to test the statistical difference
between the observed and expected birth distribution,
assuming that the expected birth distribution is a 25 % of
births per quartile. Three one-way analyses of variance
(ANOVAs) with post-hoc (Bonferroni) tests were performed1

to compare the jumping ability according to the players’ Q
in each age category;2 to compare the jumping ability

according to the players’ maturity group; and3 to compare
the jumping ability between players from different CL. Due
to the low sample size in CL3 and 4 groups, they were com-
bined into a single group for statistical analyses. To calculate
the effect size for each ANOVA the “partial eta squared”
(hp2) was used and interpreted as follows: hp2 = 0.01 indi-
cates a small effect. hp2 = 0.06 indicates a medium effect.
hp2 = 0.14 indicates a large effect. All calculations were per-
formed using Microsoft Excel (Microsoft, Seattle, Washing-
ton, USA) and JASP software (JASP Team, Version 0.17.3)
and the level of significance was set at p < .05.

Results

The distribution of birth quartiles in the analyzed sample is
shown in Fig. 1. The chi-square analysis did not reveal statis-
tical differences between groups, but it was observed a
trend in the overall sample (as in each age group) towards
an overrepresentation of goalkeepers born in the early
months of the year compared to those born in the last quar-
tile of the year (Fig. 1).

The birth quartile did not influence the players’ jumping
performance (U-14: F = 0.58 to 1.30, p < .05, hp2 = 0.036 to
0.078; U-16: F = 0.68 to 1.28, p < .05, hp2 = 0.042 to 0.094)
(Table 1).

The jumping performance of the assessed goalkeepers
was influenced by their maturity status (SJ: F = 11.27, p <

.001, hp2 = 0.187; CMJ: F = 8.72, p < .001, hp2 = 0.162; AJ:
F = 8.37, p < .001, hp2 = 0.146). The pairwise comparison
revealed that for SJ, CMJ and AJ the statistical differences
were mainly between Pre- and PostPHV (Table 2).

Finally, it was observed a trend towards a higher vertical
jump performance of goalkeepers competing in higher CLs.
However, this observation was statistically significant for SJ
(F = 5.37, p = .008, hp2 = 0.186) and CMJ (F = 4.54, p = .016,
hp2 = 0.159) in the U-14 group only (Table 3).

Discussion

To the authors’ knowledge, this is the first study that aimed
to analyze the existence of relative age effect and the possi-
ble influence of contextual factors as the relative age, bio-
logical maturation and the competitive level of players in
the jumping performance of young football goalkeepers.
The main results of this study show that an advanced matu-
rity status was associated with statistically better values in
jump performance, whereas no association was found for
young goalkeepers with different RA regarding jumping per-
formance. These findings are in accordance with the recent
states which affirm that advance maturity, but not older RA,
is associated with better physical performance in young
football players.

The birth quartile distribution follows an unbalanced
path in favor of those players born in the early month of the
year. These results, which are specific for the goalkeeper
field position, are consonant with previous research analyz-
ing RAE in young football players for all playing
positions.4,6,31 There is no certain explanation about the
causes of RAE in football. Previous investigations have
hypothesized about the influence of physical performance in
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RAE.8 In this study, it was evaluated this possible impact of
RA in goalkeepers’ physical performance, and the results
showed that the birth quartile did not influence the players’
jumping performance, so the hypothesis of an advantage of
early-born players due to a better physical performance
seemed to be diffuse in order to explain the RAE, as late
studies are also dismissing this statement.10

Moreover, different results are obtained when controlling
the maturity status as a covariable. Players with an
advanced maturity status are more likely to perform better
on physical tasks as a result of adaptations related to matu-
ration like an increase in androgen concentrations, fiber-
type differentiation, resting adenosine triphosphate, crea-
tine phosphate levels, and the architectural development of

Fig. 1 Birth quartile distribution in percentage (with a trend line) for the overall sample, U14 and U16 categories.
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muscle-tendon units.32 The results of the current study are
in line with this statement showing statistical differences in
jumping capabilities between maturity groups. The PostPHV
goalkeepers of this study obtained statistically better values
in SJ, CMJ and AJ than the PrePHV goalkeepers’ group. These
results did not differ from those investigations carried out in
outfield young players in which maturation had a substantial
influence on physical performance, as players advanced in
maturation performed better in field tests (i.e. linear sprint)
and presented greater match running performances, than
their less mature teammates.10,13 Therefore, in line with
the most recent publications, the results of this study under-
pin the statement of maturity having a greater association
than RA with physical performance in young football players
regardless the position.9 The advantage of PostPHV players
in jump tests against their less mature peers, may be truly
consider in talent identification processes as given the physi-
cal advantages associated with early maturation (e.g.,
higher muscle mass, different fiber-type composition or
higher recruitment of motor units).33

In order to compete at early stages, coaches and scouts
usually select goalkeepers at early ages with higher

anthropometrical parameters such as body heigh or wing-
span. In the attempt to select young goalkeepers for short-
term performance, coaches and scouts in youth football
academies often choose goalkeepers with a more advanced
maturation status. This results in the exclusion of goalkeep-
ers with a delayed maturation status due to a temporary
anthropometric and physical disadvantage.34 Later matures,
thus, may likely perform in disadvantageous conditions,
making it challenging for clubs to identify attributes in these
players that indicate they have the potential to perform at
an elite level. Nevertheless, athletes with delayed matura-
tional states can not only perform as well as their peers with
a more advanced maturational state in the future but can
also achieve higher anthropometric and performance levels,
as they have more time for the application of appropriate
training stimuli for conditional improvement.

Football specific physical performance tests are widely
used as an objective and reliable method to evaluate young
football players current level or future success.35 Whereas
sprint, change of direction or dribbling speed test are com-
monly used to test outfield players’ physical performance,
goalkeepers’ evaluation may be analyzed in line with their

Table 1 Jumping performance (SJ, CMJ and AJ) according to player’s birth quartile (Q) for U-14 and U-16 categories.

Q1 Q2 Q3 Q4 F p hp2

U-14 SJ (cm) 24.46§ 4.29 24.57§ 4.35 21.33§ 4.88 24.13§ 4.33 1.30 .287 0.078
CMJ (cm) 27.80§ 4.32 28.79§ 5.60 25.54§ 5.39 27.80§ 5.33 0.77 .517 0.047
AJ (cm) 31.57§ 4.43 34.62§ 8.15 31.63§ 5.88 32.87§ 7.18 0.58 .631 0.036

U-16 SJ (cm) 31.22§ 8.54 27.70§ 5.56 29.80§ 8.20 27.73§ 5.37 0.68 .570 0.042
CMJ (cm) 36.33§ 9.37 30.87§ 4.84 34.37§ 11.05 30.05§ 5.21 1.28 .296 0.094
AJ (cm) 41.28§ 8.91 37.04§ 5.76 37.29§ 9.64 35.97§ 4.79 1.00 .401 0.063

U-14: Under 14 category; U-16: Under 16 category; SJ: Squat jump; CMJ: Countermovement jump; AJ: Abalakov jump; Q1: Birth quartile
1; Q2: Birth quartile 2; Q3: Birth quartile 3; Q4: Birth quartile 4; hp2: Partial eta squared.

Table 2 Jumping capability (SJ, CMJ and AJ) according to player’s maturity status.

PrePHV MidPHV PostPHV F p hp2

SJ (cm) 22.53§ 4.48 25.55§ 3.85 29.23§ 7.37a,b 11.27 <.001 0.187
CMJ (cm) 26.63§ 5.33 29.49§ 4.42 33.24§ 8.38a 8.72 <.001 0.162
AJ (cm) 31.26§ 5.75 35.06§ 7.04 38.03§ 7.89a 8.37 <.001 0.146

U-14: Under 14 category; U-16: Under 16 category; SJ: Squat jump; CMJ: Countermovement jump; AJ: Abalakov jump; PrePHV: Previous to
the peak height velocity; MidPHV: Around the peak height velocity; PostPHV: Past the peak height velocity.
a : statistically different (p < .05) from PrePHV.
b : statistically different (p < .05) from MidPHV.

Table 3 Jumping capability (SJ, CMJ and AJ) according to player’s competitive level (CL) for U-14 and U-16 categories.

CL1 CL2 CL3�4 F p hp2

U-14 SJ (cm) 22.24§ 4.29 24.59§ 3.85 28.05§ 4.16a 5.37 .008 0.186
CMJ (cm) 25.83§ 5.35 29.01§ 3.86 31.69§ 4.47a 4.54 .016 0.159
AJ (cm) 30.85§ 6.53 34.07§ 6.30 34.86§ 5.69 1.94 .155 0.075

U-16 SJ (cm) 26.86§ 5.82 28.79§ 7.33 31.89§ 7.71 2.30 .111 0.089
CMJ (cm) 30.42§ 6.18 33.36§ 6.18 35.89§ 9.21 1.57 .220 0.077
AJ (cm) 35.48§ 5.70 37.63§ 8.95 40.97§ 8.17 2.11 .132 0.084

U-14: Under 14 category; U-16: Under 16 category; SJ: Squat jump; CMJ: Countermovement jump; AJ: Abalakov jump; CL1: Competitive
level 1; CL2: Competitive level 2; CL3�4: Competitive levels 3 and 4.
a : statistically different (p < .05) from PrePHV.
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match demands. Goalkeepers’ match performance analysis
show up that diving action may be the most crucial action
made by a goalkeeper, as it may be performed to intercept
goal shots. The diving save is characterized by large forces
exerted at push off generated in a very short period of
time.36 Consequently, good vertical jump capacity may be
determinant for goalkeepers, as they are required to per-
form high vertical jumps to catch or deflect the ball as well
as the mentioned diving actions.37 It has been observed that
goalkeepers tend to exhibit the highest jump values among
all the positions.38,39 In addition, Arnason et al., (2004)40

show up that during selection processes the finally selected
players had better jump values than the nonelected ones.
This argument may be reflected in the positive trend
between vertical jump and competitive level observed in
this sample, goalkeepers competing in a higher CL tend to
obtain higher vertical jump values than the goalkeepers
competing in minor CLs. Furthermore, these differences
were statistically significant for SJ and CMJ in the U-14
group. These results are comparable to Rebelo et al.,
(2013)41 in which elite players perform higher vertical jumps
than nonelite one. However, the results of this section
should be taken with caution, as the sample size of some CLs
was not sufficient to carry out statistical analysis indepen-
dently (the authors combined CL3 and 4), which represents
a limitation in this study.

This study provides an isolated assessment of the
abilities that should be considered in the process of
identifying and selecting young goalkeeping talents, so
the results obtained should be approached with cau-
tion, understanding that there are other conditional
variables, as well as technical, tactical, and psychologi-
cal variables that may be influencing the selection pro-
cess of young goalkeepers and have not been analyzed
in this study. In future research, it would be interesting
to globally analyze the effect of relative age and matu-
ration in the selection of young goalkeepers, consider-
ing physical, technical, and tactical parameters that
provide the reader with a broader perspective on the
impact of these variables on the overall performance of
the athlete.

As a conclusion, this study supports a better understand-
ing of contextual factors as the influence of relative age,
biological maturation and the level of competition in the
young football goalkeepers’ jumping performance. It was
identified a trend towards an overrepresentation of goal-
keepers born in the early months of the year. As well as
results supporting the statement of maturation having a
greater association than relative age with physical perfor-
mance in young football goalkeepers. For all this, football
professionals should assess and control biological maturation
in young football goalkeepers, as maturity status may have
an important role in the whole talent identification process
to avoid an unfair selection process based on actual perfor-
mance rather than identifying the goalkeepers with the
potential to become elite players.
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