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ABSTRACT

Background: Given the rapidly increasing interest in national futures programmes, and the associated
significant increased resource investment, there is a pressing need for data specific to futures programmes
to inform practice across world football.

Aim: To investigate the differences in the physical and perceptual demands of match-play using Global
Positioning Software technology and Rating of Perceived Exertion (RPE) in traditional youth international
team and age-matched international future teams for biologically late-maturing players over one
in-season period.

Subjects and methods: A total of 18 U15 future team (FT) players and 21 national team (NT) players
were examined.

Results: The results showed that FT players performed 9% greater total distances (p=0.008, Cohen’s d
1.29) and accumulated 20% greater total player loads (p<0.001, Cohen’s d 1.88) than NT players during
matches. In contrast, NT players covered 113% greater sprinting distances (p=0.033, Cohen’s d 0.63) and
performed 62% more high-intensity accelerations (p=0.015, Cohen’s d 0.90) than FT players. There were
no differences in high-intensity and very high-intensity running distances, number of accelerations,
number of decelerations or high-intensity decelerations, or match-play RPE. When accounting for
biological maturation, the adjusted marginal means were not different between FT and NT players in
any physical metric except for total player load (p=0.046) and high-intensity accelerations (p <0.030).
Conclusion: We conclude that while several physical performance metrics differ significantly between FT
and NT match-play, the most robust differences after controlling for maturation are in sprint performance
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and high-intensity accelerations.

Introduction

In the highly competitive world of professional football,
Football Associations spend considerable resources identify-
ing and nurturing young talent with the ultimate aim of
developing players for the elite senior level (Sweeney et al.
2021). Reflecting this, thousands of young players across
clubs and contexts are selected each year to engage in often
well-resourced national talent development programmes (e.g.
national emerging talent programmes, youth international
teams) (Glllich 2014; Hill et al. 2020). The selection of young
players into national and international development pro-
grammes often occurs at young ages, and for example, in
some Football Associations, can take place from as young as
twelve years of age (Sweeney et al, 2023). The selection of
the highest potential players into such programmes is pro-
posed to facilitate their long-term progress and increase the
probability of senior success. Conversely, athletes who are

not considered to show sufficient sporting promise at the
time of selection are not recruited and are denied such
experiences.

One of the most prominent factors holding young players
back from selection into such programmes is delayed biolog-
ical maturation (Ostojic et al. 2014; Johnson et al. 2017; Hill
et al. 2020). Individuals of the same chronological age can
show considerable differences in their biological maturation
status, timing, and tempo, as evidenced by differences of up
to six years in skeletal age and somatic growth among peers
(Borms 1986; Johnson 2015; Gundersen et al. 2022; Towlson
et al. 2022). It is, therefore, common to observe substantial
differences in body weight, height, lean body mass and the
proportion of mature adult height attained within age
cohorts (Johnson et al. 2017; Hill et al. 2020; McAuley et al.
2023; Sweeney et al,, 2023). Indeed, within chronological age
groups, variations in male body mass (~50%), stature (~17%),
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fat free mass (~21%) and percentage of predicted adult
height (~10-15%) are not uncommon (Hannon et al. 2020;
Salter et al. 2021). These maturity-related differences can pro-
vide early maturing individuals with significant physical
advantages in terms of size, muscle mass and strength, and
aerobic capacity (Meylan et al. 2010; Buchheit and
Mendez-Villanueva 2014; Brown et al. 2017; Teixeira et al.
2018; Radnor et al. 2021), all of which are critical for perfor-
mance in football (Sweeney et al., 2023).

In consequence, early maturing male players have an
increased probability of selection into national and interna-
tional development programmes in football at the detriment
of later maturing, aged-matched peers (Ostojic et al. 2014;
Johnson et al. 2017; Hill et al. 2020; Sweeney et al., 2023,
2023). For example, data from Sweeney et al. in the Irish con-
text suggests that there is a total exclusion of late maturing
male players at the (inter)national level by the U15 cohort
(Sweeney et al., 2023). Across the literature, these maturation
biases in a male youth football context generally seem to
emerge at around 11-12years of age, coinciding with the
onset of puberty, and increase in magnitude with chronolog-
ical age and the level of competition (Johnson et al. 2017;
Hill et al. 2020; Sweeney et al., 2023, 2023).

Various strategies such as bio-banding (Cumming et al.
2018), player labelling (Lidin et al. 2022), discrete perfor-
mance banding (Moran et al. 2022), and adjusting chronolog-
ical age groups (i.e. playing up or down) (Kelly et al. 2021)
have been proposed to mitigate maturity-related selection
biases in youth football. One emerging intervention of inter-
est in a football-specific context is national futures pro-
grammes (Royal Belgian Football Association 2019; Future
Team: Svenska Fotbollférbundet 2022; Future National Team:
Dansk Boldspil-Union 2023). National futures programmes
enable opportunities for late-maturing players to be retained
within the national system in a separate international team
and experience training, competition, coaching, and travel as
part of a national team (Sweeney et al., 2023). Crucially, how-
ever, the strategy still means that selection is based on play-
ers being identified as technically, tactically, and psychologically
able for youth international football. Specifically, the Swedish
Football Association invest significant resources into their
Futures programme, with the ultimate aim being to retain
more late biologically maturing players at the international
level, and ultimately increase the number and quality of youth
players transitioning to the senior international level (Future
Team: Svenska Fotbollférbundet 2022).

Whilst the rationale for national futures programmes is
well-intentioned, to the best of the authors’ knowledge, there
is currently no peer-reviewed published data relating to any
aspect of national futures programmes. Indeed, whilst futures
programmes are predominantly based upon bridging the
physical disadvantages of biologically late maturing players,
there are, therefore, no data to illustrate the physical demands
of future-level football, nor are there any data relating to the
perceived physical demands of future-level match-play from
the players themselves. Given the rapidly increasing interest
in national futures programmes e.g (Royal Belgian Football
Association 2019; Future Team: Svenska Fotbollférbundet
2022; Future National Team: Dansk Boldspil-Union 2023), and

the associated significant increased resource investment e.g
(Taylor et al. 2022; Sweeney et al., 2023, 2023), there is a
pressing need for data specific to futures programmes to
inform practice across world football. Therefore, this study
sought to examine the differences in the physical and per-
ceptual demands of junior national team and aged-match
international future team match-play, as well as to examine
to what extent such physical differences are attributable to
biological maturity-related factors.

Materials and methods
Research context

The Swedish Football Association is the National Governing
Body for football in Sweden. As part of the Swedish Football
Association’s male national team pathway, at the Under 15
(U15) age group, those players considered the highest per-
forming in the country are selected into the national team
squad (e.g. the Swedish male U15 national team). At the
same age group, those players who are considered equally
capable for international youth soccer from a technical, tacti-
cal, and psychological perspective, but are delayed in biolog-
ical maturity and deemed not yet physically ready for
international youth soccer, are selected into the national
future team squad. The current study focused on male U15
players selected into either the Swedish Football Association’s
national team or national futures team squads during the
2022/23 season over a six-month period.

Participants, ethics and consent

A total of 39 players were analysed during the study period,
18 of whom were future team players (14.9+0.3years) and 21
of whom were national team players (15.2+0.2years). All
physical and perceptual match-play variables were recorded
and analysed for each player. Of these players, we had com-
plete information on date of birth, height, weight, biological
parent height, and biological maturity for 17 future team
players and 12 national team players. There were notable dif-
ferences in biological maturation and anthropometrics
between the two squads (Table 1). By participating in the
Swedish Football Association’s underage national teams and
national futures teams, players and their parents/guardians
are informed that anthropometric data, physical performance
data, and other information will be collected as part of reg-
istration for, and participation in, the Association’s national
programmes. Their participation in these assessments is con-
sidered consent to routine data collection. Ethical approval

Table 1. Anthropometric characteristics and biological maturation data of the
players relative to the national team and the future team.

Future Team National Team

Height (cm) 166.6 (4.9) 178.0 (7.9)
Weight (kg) 54.6 (6.0) 65.4 (6.6)
%PAH 94.4 (1.5) 97.5 (1.6)
Maturity Z-score (SD) —0.19 (0.31) 0.31 (0.36)
Chronological age (yrs) 14.9 (0.3) 15.2 (0.2)

Note: Data are means (SD). All measurements were collected ~ 3months prior
to the first matches.



for the use of de-identified data for research purposes was
granted by the Swedish Ethical Review Authority
(2023-05881-01).

Anthropometric data and biological maturity

The Khamis-Roche method was used to predict each child’s
adult height (Khamis and Roche 1994, 1995), with each child’s
current height subsequently expressed as a percentage of
their predicted adult height (hereafter, percentage of pre-
dicted adult height is referred to as “%PAH"). This method is
based upon the presumption that within a cohort of chrono-
logically aged-matched peers, those closer to their predicted
adult height are more advanced in their biological matura-
tion than those further from their predicted adult height
(Khamis and Roche 1994, 1995). This method allows for the
prediction of mature adult height using a regression formula
based upon age, height, weight, biological mid-parent height,
and sex-specific regression coefficients outlined by Khamis
and Roche (Khamis and Roche 1994). Players had their body
height measured to the closest 0.1cm using a stadiometer
(Seca 213i, Seca GmbH, Hamburg, Germany) and their body
mass measured to the closest 0.1kg using digital scales (Seca
803). These measurements for height and weight were taken
approximately three months prior to the first international
matches. Biological parents’ heights were self-reported and
then adjusted for overestimation as outlined by Epstein et al.
(Epstein et al. 1995). Mean self-reported adjusted paternal
and maternal heights (167 +6cm and 180+7cm, respectively)
were in line with sex-specific means for Swedish adults
(Wikland et al. 2002). Biological maturity status was expressed
as a Z-score for each individual player using the child’s %PAH
compared to age-specific means and standard deviations
outlined in the Swedish population growth reference study
(Wikland et al. 2002).

Physical performance variables

During the 2022/23 season, the national team played 5
matches composed of two 45-minute halves per match (total
450 match-play minutes), and the national futures team
played 3 matches composed of two 40-minute halves per
match (total 240 match-play minutes). The reason for these
differences in the number of matches played are due to the
international football calendar. Traditional national teams
compete in international fixtures during the international fix-
ture window, similar to those observed at the senior interna-
tional level. In contrast, and given the relative infancy of
national future’s programmes, future fixtures are arranged on
a case-by-case basis between Associations. These differences
are reflective of the real-world nature and practical realities
of youth international football and the logistical differences
between national teams and the newly formed futures
programmes.

All matches were against other national or national futures
teams, respectively, with 11 players per team with matches
played on natural grass. During the matches, the players
wore a portable and validated global positioning systems
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(GPS) device (Catapult, Vector S7, Catapult Sports, Melbourne,
Australia) (Scott et al. 2016), with a sampling frequency of
10Hz. These units were placed in vests located between the
players’ scapula, as outlined in the manufacturer guidelines.
Players wore the same GPS unit each game to limit inter-unit
reliability issues and all GPS devices were turned on 30min
prior to the start of each match to ensure adequate satellite
connection (Gundersen et al. 2022). Raw GPS data were syn-
chronised at the end of each match and exported to Microsoft
Excel (version 2312) for further analysis. The following physi-
cal performance variables were analysed: total distance (m),
total player load (arbitrary units), high-intensity running
(14.4-19.8km/h)  distance, very high-intensity running
(19.8-25.2km/h) distance, sprinting (>25.2km/h) distance,
number of accelerations (2-3m/s?), number of high-intensity
accelerations (>3m/s2), number of decelerations (2-3m/s?),
number of high-intensity decelerations (>3 m/s?). Player load
is a volume estimate of effort level and is derived from GPS
by summing the acceleration recorded by a triaxial acceler-
ometer in all directions. To facilitate analysis, the total accel-
eration is divided by 100, which simplifies the player Load
value (Catapult Sports 2024).

Rate of perceived exertion

At the end of each match, players self-reported their Rate of
Perceived Exertion (RPE) using the Borg 1-10 scale (Impellizzeri
et al. 2004). RPE was collected within 30 min upon the com-
pletion of each match to ensure that the perceived effort was
referred to as the whole match rather than the most recent
event intensity. Players were familiarised with the procedures
at the start of each tournament and RPE data were collected
using the SAP Sports One (Walldorf, Germany) mobile app
and then uploaded to Microsoft Excel for further analysis.

Data analysis

Data were analysed using mixed-effects models to account
for the nested structure of repeated games within players.
The “team” (future team vs. national team) was treated as a
fixed effect to examine its influence on the dependent match
variables. Players and matches were included as random
effects to model intra-individual variability and repeated mea-
sures design. Marginal means (with standard errors) were cal-
culated to obtain adjusted group-level summaries, and the
fixed effect estimate of the mean difference (with 95% confi-
dence intervals) between teams was reported to quantify the
effect size, accounting for within-player and within-game cor-
relation. Statistical analysis was performed using Jamovi and
graphs were created using GraphPad. The significance level
was set at p<0.05. Effect sizes (Cohen’s D) were also used to
examine the magnitude of any significant differences (trivial =
<0.2; small = 0.2-0.49; moderate = 0.5-0.79; large
0.8—1.19; very large > 1.2) (Sawilowsky 2009).

As the future team matches lasted 80 min and the national
team matches 90 min, we adjusted all individual match times
to 90min using a conversion factor for each player. To con-
firm the appropriateness of this approach, we examined the
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correlation between the individual playing time and the out-
come data with playing time extrapolated to 90 min. The only
factor where individual playing time correlated significantly
with the outcome was RPE (players who played full games
reported a higher RPE than players with less playing time).
Therefore, we included playing time as a covariate when ana-
lysing RPE. As the matches were spread over a six-month
period, we also investigated whether there were any linear
trends in the match data that might complicate the compar-
ison (e.g. that certain metrics tended to increase over time
due to the slightly increasing age of the players). However,
this was not the case and there were metrics that peaked in
both the first and last matches. Therefore, we did not adjust
the mixed model for time.

Finally, in the cases where there was a significant differ-
ence between future team and national team in the outcome
variable, we included maturation (%PAH) and chronological
age as a covariate in the mixed model to investigate whether
maturation or chronological age moderated the difference
between the teams.

Results

The mixed-effects model analysis revealed significant differ-
ences between the future team and the national team in sev-
eral key variables (Figure 1). In terms of total distance
covered, players in the future team covered a significantly
greater distance compared to players in the national team
(F=8.9, p=0.008, Cohen’s d 1.29), with an adjusted mean dif-
ference of 890m (95% Cl: 303 to 1476 m). The players’ total
player load over 90min was also significantly higher in the
future team (F=19.6, p<0.001, Cohen’s d 1.88) than in the
national team, with a fixed effect size of 207 units (95% ClI:
115 to 299 units).

Distance covered at sprint speeds above 25.2km/h also
showed a notable difference (F=5.2, p=0.033, Cohen’s d
0.63), with the future team covering shorter distances in the
highest speed zone, resulting in a mean difference of 81 m
(95% ClI: 11 to 150m). During high-intensity accelerations (>
3m/s?) over 90 min, players in the future team performed less
efforts than those in the national team (F=8.7, p=0.015,
Cohen’s d 0.90), with a mean difference of 10.7 efforts (95%
Cl: 3.6 to 17.9). Decelerations (> 3m/s?) also appeared to dif-
fer between the teams (31.6 vs. 37.8 for future team and
national team, respectively), but this difference did not reach
statistical significance (p=0.075, Cohen’s d 0.42). The other
physical performance factors examined (i.e. the distance cov-
ered in the lower speed zones and the accelerations and
decelerations within the 2-3 m/s? zone) did not differ between
the teams. In terms of the perceptual demands, the RPE
value of the game (7.2 for future team and 7.7 for national
team, adjusted for individual playing time) also did not differ
between the teams (Figure 2).

When accounting for biological maturation, the adjusted
marginal means were no longer significantly different
between future team and national team in terms of total dis-
tance covered (p=0.340) and distance covered in sprint
speeds >25.2km/h (p=0.292). In contrast, the difference

between the future team and national team in terms of total
player load (p=0.046) and high-intensity accelerations > 3m/
s? (p=0.030) remained significant despite adjustment for bio-
logical maturation. Taking chronological age into account
only eliminated the difference between the teams in the dis-
tances covered at sprint speeds >25.2km/h (p-value changed
from 0.033 to 0.098).

Discussion

This study sought to examine the differences in the physical
and perceptual demands of junior national team and
aged-matched national future team match-play, as well as to
examine to what extent such physical differences are attrib-
utable to biological maturity-related factors. Future team
players covered greater total distances and accumulated
greater loads than national team players. However, national
team players covered greater sprint distances and performed
more high-intensity accelerations per match (even when
adjusting for biological maturity). Surprisingly, there were no
statistical differences between teams in terms of high-intensity
running, very high-intensity running, or the number of decel-
erations, nor were there any differences in match-play RPE
between teams.

Although there is a lack of existing studies to directly
compare to the current investigation, the general consensus
across the literature is that the more biologically mature play-
ers tend to perform greater distances at the highest speed
thresholds and perform more high-intensity actions during
matches (Buchheit and Mendez-Villanueva 2014; Francini
et al. 2019; Goto et al. 2019; Gundersen et al. 2022; Parr et al.
2022). For instance, Buchheit and Mendez-Villanueva (Buchheit
and Mendez-Villanueva 2014) investigated physical perfor-
mance outputs by biological maturity in U15 players from
one professional academy, finding that the more biologically
advanced players covered greater distances at >16km/h,
reached higher peak running speeds, and also performed
more high-intensity (>19km/h) and repeated high-intensity
actions than less mature players during matches, with no dif-
ferences in total distances covered. Similar findings have
been observed by Francini et al. (Francini et al. 2019) in U14-
17 Italian players, whereby differences in biological maturity
appear to differentiate the distances covered at the
highest-intensities between players (>18 and >23km/h).
These findings are largely consistent with the current study
and could likely be attributed to the physical and physiolog-
ical adaptations (and advantages) conferred by advanced bio-
logical maturity (Meylan et al. 2010; Buchheit and
Mendez-Villanueva 2014; Brown et al. 2017; Teixeira et al.
2018; Radnor et al. 2021). Indeed, it is well established that
early maturing male youths have a higher lean muscle mass,
strength and power as well as a higher maximal oxygen con-
sumption than their late maturing peers (Malina et al. 2004;
Meylan et al. 2010; Brown et al. 2017; Teixeira et al. 2018;
Radnor et al. 2021). These adaptations are generally advanta-
geous when efforts requiring a high level of strength, power,
high-speed running, or sprinting are required; all of which
are key physical attributes for effective football performance
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Figure 1. The physical performance demands between national team and future team match-play.

(Gundersen et al. 2022). Indeed, at the elite senior level,
sprinting is the most frequent physical action preceding
goal-scoring situations (Faude et al. 2012). However, it should
be also noted that, across studies, varying methods have
been used to calculate biological maturity (e.g. %PAH, skele-
tal x-rays, estimation of age at peak height velocity), meaning
that inter-study comparison should be done with caution.
The primary aim of our study was to compare the physical
and perceptual performance demands between national and

future national team match-play. Whilst national team players
were more biologically mature than chronologically
aged-matched future team players (maturity Z-score 0.31 vs.
—0.19, %PAH 97.5 vs. 94.4), during matches, there were no sta-
tistical differences in high or very-high intensity running,
decelerations, or RPE between players. When adjusting for
biological maturity, high-intensity accelerations and player
load were the only metrics where statistical differences
between team matches were observed. The differences in
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Figure 2. The Rate of Perceived Exertion (RPE) scores for match-play between
national team and future team players.

high-intensity accelerations are perhaps unsurprising given
the physiological adaptations conferred by advanced biologi-
cal maturity as outlined in the preceding paragraph. Yet, the
lack of statistical difference in any of the other high-intensity
metrics is somewhat surprising given the literature in this
regard (Buchheit and Mendez-Villanueva 2014; Francini et al.
2019; Goto et al. 2019; Gundersen et al. 2022; Parr et al. 2022).
Despite being notably delayed in biological maturity relative
to national team players, future team players performed simi-
lar amounts of high and very-high intensity running distances
and a similar number of lower-speed accelerations and decel-
erations during matches, and yet did not perceive these
demands to be any more physically exerting.

These findings present several implications regarding the
role of future programmes within national Football
Associations. Players selected for national futures programmes
are considered capable for international youth soccer from a
technical, tactical, and psychological perspective but are
delayed in biological maturity and are deemed not yet phys-
ically ready for international youth soccer. Yet, our findings
demonstrate that aside from sprinting speed and
high-intensity accelerations, there are little differences in the
physical performance metrics between national team and
future national team matches. These findings would suggest
that, aside from sprinting speed and high-intensity accelera-
tions, futures players can largely meet the physical demands
of aged-matched international youth football. Thus, futures
programmes do not necessarily provide an environment of
reduced physical challenge for later maturing players.

Our findings support the thesis that futures programmes
represent a promising part in the development of late matur-
ing players and an important addition for Football Associations.
The ultimate aim of futures programmes are to retain more
late biologically maturing players at the international level
(Future Team: Svenska Fotbollférbundet 2022). A consistent
theme across the literature, particularly at the (inter)national
level, is the underrepresentation (or complete absence) of late
maturing male players from national systems circa age
13/14years (Ostojic et al. 2014; Sweeney et al., 2023, 2023). By
being excluded from such systems, late maturing players are

denied access to the professional coaching, sports science
and medical support, superior training equipment and facili-
ties, and the high levels of competitive challenge that are
typically associated with (inter)national youth football (Hill
et al. 2020; Sweeney et al., 2023). Futures programmes pro-
vide an environment exclusively for late maturing players to
experience such developmental provision, and players may
not get such experiences outside of these programmes. These
experiences can be a crucial part in the talent development
process and help to facilitate junior to senior transitions
(Ostojic et al. 2014; Sweeney et al., 2023; Niklasson et al.
2024). These experiences are facilitated by effectively dou-
bling the playing pool of those selected at the national level;
something deemed as advantageous for talent development
(Erikstad et al. 2021), although resource intensive (Taylor et al.
2022; Sweeney et al.,, 2023). However, the relative infancy of
national futures programmes means that there has been no
research conducted to evidence the role of such programmes
in long-term player development. Indeed, this was the first
study to present empirical data relating to any aspect of
national futures programmes. Such longitudinal research is a
desirable next step for futures programmes.

In the more immediate term, whilst we evidence the phys-
ical and perceived demands of national team and future
team match-play, no technical, tactical, or psychological data
is provided for either cohort. Whilst physical performance is
an important part of football performance, it is just one ele-
ment that sits alongside a broad range of other biopsychoso-
cial variables (Bailey et al. 2010). The collection of technical,
tactical, and psychological data, in addition to the current
physical performance metrics would be a desirable next step
for research of this nature in the more immediate term. More
broadly, it should be noted that our findings are specific to
the national level for male youth from one age cohort within
the Swedish Football Association over one competitive sea-
son and should be interpreted with caution when gener-
alised to alternate contexts or age groups. We also
acknowledge that we used a non-invasive method to esti-
mate somatic maturity, and parental heights for the predic-
tion of adult height were self-reported, rather than measured,
and subsequently adjusted for overestimation (Epstein et al.
1995). We also appreciate that measurements for height and
weight used to predict each player’s adult height were taken
approximately three months prior to the first match and such
variables may have changed in some players over the course
of the season.

Conclusion

This study compared the physical and perceptual perfor-
mance demands between national team and aged-matched
national future team match-play. The results show that
high-intensity accelerations and high-speed sprints were the
main differentiator of physical performance in favour of NT
players, while FT players covered more distance overall and
had higher externally estimated player loads. The most robust
differences after controlling for maturation were noted in
high-intensity accelerations. Interestingly, there were little



differences in the high or very high intensity running per-
formed, with players perceiving these demands as similarly
strenuous. This was despite the notable differences in biolog-
ical maturity between players. We encourage greater investi-
gation into national futures programmes, incorporating more
longitudinal designs and accounting for additional perfor-
mance variables, including technical, tactical, and psycholog-
ical data.
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