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Abstract

Through a Complex Adaptive Systems (CAS) framework, this study aimed to [|] quantify the seasonal physical loading of
a Major League Soccer (MLS) homegrown player (age = 18 y; stature = 1.73 m; body mass = 68.7 kg; position = fullback)
undergoing the youth-to-senior transition and [2] explore club sport scientists’ perspectives on the working dynamics of
the player’s training program during the transition process. A mixed-methods single case study design was adopted, inte-
grating external load data (total duration of activity, total distance covered, and distance running at 14.4—19.7 km/h, high-
speed running at 19.8-25.1 km/h, and sprinting at >25.1 km/h) from both the player’s club and national federation using
global positioning systems (GPS) technology, alongside semi-structured interviews with sport science practitioners from
the player’s MLS organization. Descriptive statistics were used to summarize the GPS data, while hierarchical content
analysis was used to formulate categories. Findings addressed relevant features of a CAS within this youth-to-senior tran-
sition process, detailing a complex developmental pathway to first team (FT) soccer. The player’s physical loading exhib-
ited large variability during the preseason (Coefficient of Variation; CV = 19-58%) and in-season (CV =25-50%) phases,
reflecting the influence of contextual factors such as squad-shifting, international call-ups, and extensive travel when oscil-
lating between disparate training environments. Practitioners also highlighted the dual role of the reserve team (RT), pro-
viding the player consistent competitive match exposure to support his individual development. Overall, this study
demonstrates the value of a holistic, systems-level approach to better understand optimizing long-term player develop-
ment initiatives.
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transitioning players must often endure when progressing
into a professional FT soccer environment.

Player transitions as a complex adaptive system

The youth-to-senior transition process can be conceptua-
lized as a complex adaptive system (CAS), comprising of
multiple interrelated components that dynamically interact
with other components in the system and the system as a
whole, producing complex, emergent phenomena.’ Within
the organizational structure of a club, players and staff func-
tion as the system’s components, or adaptive agents, who
operate across these interconnected sub-systems (i.e., FT,
RT, YA) and respond to local conditions, often in unpre-
dictable ways.® The interactions between these agents are
multiple, rich, and non-linear, such that small actions or
decisions at the local, sub-system level (i.e., individual
team objectives) can produce disproportionate effects on
system-level outcomes (e.g., progressing homegrown talent
into the FT).’

In this system within MLS, adolescent YA players (i.e.,
14-18 y) identified as exceptional talents are often signed
directly to FT homegrown contracts. Promoting a young
player directly to the FT places them in volatile, complex,
adaptive environment where they may develop through
exposure to senior-level challenges.® To support their
development, clubs frequently employ an organizational
strategy known as “squad-shifting”,” whereby the young
professional trains in the FT during the week before tempor-
arily shifting down to the RT to compete in the third-tier
domestic league, MLS Next Pro (MLSNP). This ensures
more consistent playing time as opportunities in the FT
are often extremely limited.'® However, these interactions,
although short in nature,” render outcomes such as RT con-
tracted players losing playing time or promising YA players
being denied higher level competition. Such aspects of the
youth-to-senior transition process reveal vulnerabilities
inherent in a CAS. Further, when transitioning players
oscillate between the FT and RT, they may encounter differ-
ing training objectives and methodologies.” In CAS terms,
this reflects adaptive tension, where competing constraints
within the system create inefficiencies that may impede
player development.'!

Further complexity is introduced when FT homegrown
players are selected to join their respective youth national
teams (NTs) for domestic and/or international camps (i.e.,
the club-to-international transition), requiring a temporary
transition from their club to a NT program with distinct pri-
orities and performance demands.'” These transitions
necessitate boundary spanning,'® whereby club stake-
holders mediate across organizational settings to maintain
system coherence.'* When divisions exist between a club
and federation, disruptions to physical preparation and
recovery may negatively impact players’ training adapta-
tions and physical performance.'> These outcomes

resemble those observed in other complex systems, such
as healthcare, during the clinical handover of patients
between health professions.'®

A homegrown player regularly shifting between multiple
team settings exemplifies other characteristics of a CAS.
For example, emergent properties, such as unintended fluc-
tuations in physical loading when moving between dispar-
ate training environments, cannot be attributed to a single
component, but arise from the ongoing interplay between
the player and various internal and external elements of
the club’s organizational structure, as well as the greater
MLS and US soccer ecosystem. Consequently, the dynamic
and non-linear nature of the youth-to-senior transition can
give rise to imperfect periodised training structures or extra-
neous cumulative physical loads, which may significantly
influence both short-term performance and long-term devel-
opment. Addressing these challenges requires leveraging
the self-organizing properties of CAS through the design
of performance support systems that foster adaptability, col-
laboration, and shared learning among stakeholders.'”

Despite the recognized challenges and complexity of
career transitions in professional soccer, limited empirical
research has examined the seasonal physical loading of ado-
lescent professionals navigating multiple team settings (i.e.,
FT, RT, NT) during the transition process. A case study
informed by a CAS framework is therefore needed to
explore how interactions between the different sub-systems
within  professional soccer may influence career
transition processes and outcomes. Conceptualizing the
youth-to-senior transition process as a CAS provides a
more comprehensive understanding of this critical phase
of player development and highlights how effective transi-
tion planning must balance the dynamic tensions between
stability and adaptability across interconnected training
environments.

The role of performance staff

Within a professional club, sport science practitioners are
responsible for supporting the design and delivery of a
training program by advising on training methodologies
and employing technology, such as Global Positioning
Systems (GPS). This technology facilitates the monitoring
of training and match loads at both an individual and
team level, aligning with systems thinking approaches by
providing continuous inputs to the CAS.'® Real-time feed-
back derived from GPS data can inform decision-making
aimed at mitigating injury risk and preventing performance
decrements in young players transitioning to FT soccer.’
Sport scientists can play a critical role then in communicat-
ing information to coaches, their peers within a multidiscip-
linary team (MDT), and players, thereby acting as boundary
spanners who reduce the risk of conflicting priorities and
training-related errors that could otherwise disrupt long-
term development.'® Therefore, obtaining insights from
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these practitioners on how training programs are managed
to help support the development of transitioning players
can provide valuable contextual knowledge on the
youth-to-senior transition process.

The current study

Quantifying an MLS homegrown player’s seasonal phys-
ical loading across multiple team settings offers valuable
context for understanding the complex and dynamic nature
of the transition process to professional FT soccer. This
complexity reflects the non-linear interactions and emergent
properties of a CAS, where seemingly minor changes in one
part of the system can significantly influence long-term
developmental outcomes for a transitioning player.
Exploring the perspectives of sport scientists further
enriches this understanding by capturing how they manage
training programs for transitioning players. Through the
integration of external load monitoring and collaborative
working practices, these practitioners can contribute to the
system’s resilience by preparing players for the increased
physical demands they will face in a FT training environ-
ment. Accordingly, this mixed-methods single case study
used quantitative (i.e., external load) and qualitative (i.e.,
multi-perspective interviews) methods to examine an
MLS club’s approach to transition planning. Therefore,
this study aimed to [1] quantify the seasonal physical load-
ing of an MLS homegrown player undergoing the
youth-to-senior transition and [2] explore club sport scien-
tists” perspectives on the working dynamics of the player’s
training program during the transition process. Collectively,
these two aims will help elucidate some of the components,
interrelations, and emergent properties that will contribute
to a better understanding of the youth-to-senior transition
process as a CAS within professional soccer.”

Methods

Pragmatic study design

Considering the dual aims of this study, a pragmatic research
philosophy was adopted to examine the youth-to-senior tran-
sition process within an MLS organization.?® In keeping with
this alternative philosophical and methodological paradigm
tradition, a mixed-methods single case study design, specif-
ically a convergent design variant (i.e., the parallel-databases
variant), was selected so that parallel strands of quantitative
and qualitative data could be collected and analysed to pro-
vide two sets of results, enabling this study to examine facets
of the transition process for a homegrown player in MLS.?!
Accordingly, quantitative and qualitative data were collected
and analysed independently before utilizing the discussion,
first, to provide a descriptive summary of the case (i.e., a tran-
sitioning homegrown player’s first season in MLS), and
second, to synthesise a more nuanced, practical interpretation

of the complexity in managing a transitioning homegrown
player’s training program.?' Acquiring greater contextual
knowledge surrounding this adolescent homegrown player’s
training program by retaining different data sources subse-
quently produces an enhanced description and analysis of
the physical demands facing transitioning players. This can
also potentially lead to informing future research projects
that are more ecologically valid and applicable to both coa-
ches and sport scientists responsible for transition planning
within a club.**?

Participants

Player participant and single case selection. Prior to collating
data, the study received full ethical approval from an insti-
tutional ethics committee (23/SPS/028). Next, a tier 4,%*
professional soccer player (age=18y; stature=1.73 m;
body mass=68.7 kg; position = fullback) undergoing the
youth-to-senior transition provided written consent granting
the principal investigator access to his external load data
from both his club and federation. Shortly after the com-
mencement of the MLS season under investigation, the par-
ticipant had signed his first professional contract as a FT
homegrown player with an MLS organization that also
operated a professional RT in MLSNP. Additionally, the
recruited participant was a US youth international soccer
player selected to participate in both a domestic training
camp and a major youth international tournament whilst
quantitative data collection was being completed.

Performance staff participants. To explore the youth-to-
senior transition process within this specific MLS organiza-
tion, two sport science practitioners employed by the club
were recruited. Both the FT head of sport science [Tobias]
and RT physical performance coach [Gabriel] agreed to par-
ticipate and were thus purposively sampled.?> At the time of
conducting qualitative data collection, Tobias, an accredited
United Kingdom Strength & Conditioning Coach and
Gabriel, a Certified Strength & Conditioning Coach, had
two- and four-years’ experience, respectively, at the club.
Prior to conducting interviews with each practitioner, both
provided verbal consent, following the provision of a partici-
pant information sheet and an opportunity to pose any ques-
tions regarding the study.

Data collection

External load. Pitch-based training and match loads were
measured using GPS technology (Apex, STATSports,
Newry, Northern Ireland). Two separate GPS devices
were assigned to the player by his club and federation.
Both devices operated at a sampling rate of 18 Hz, provid-
ing information on positioning and time to calculate vel-
ocity and distance.”® These devices have demonstrated
excellent inter-unit reliability along with valid and reliable
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estimates of distance and velocity (<2% typical error of
measurement).””*® In each training environment, the device
was activated 15-30 minutes before data collection com-
menced to allow acquisition of satellite signal and syn-
chronize the GPS clock with the satellite’s atomic clock.
Next, it was inserted into a tight-fitting, manufacture
made vest worn by the player. GPS data were collected
for 40 weeks, including the preseason (6 wk), in-season
(33 wk), and postseason (1 wk) phases. A total of 34 official
matches, 4 non-official matches (i.e., scrimmages), 148
training sessions, and 7 post-match compensatory sessions
were included in the subsequent analysis. Following each
of these pitch-based events, GPS data were downloaded
using the manufacturer’s software (Apex Software,
STATSports, Belfast, UK) and clipped accordingly.*’

Semi-structured interviews. Before conducting qualitative
semi-structured interviews, a provisional guide was devel-
oped and based on relevant literature concerning the talent
pathway and youth-to-senior transition within MLS."*° The
final interview guide was organized into two sections. The
first section focused on the broader youth-to-senior transi-
tion process within the club. Topics included perceived bar-
riers to successful transitions and strategic approaches
adopted by the organization. The second section was case
specific, concentrating on the management and develop-
ment of the featured player. To help foster a deeper, richer
discussion with participants, the interviewer employed a
graphic elicitation technique in which both of the practi-
tioners were presented with visual representations (i.e.,
monthly calendars) summarizing the homegrown player’s
training and match schedule.®’ This elicitation technique
provided not only a more illustrative representation of the
case, but it also assisted the interview process by stimulat-
ing practitioner recall.>? The two separate interviews with
Tobias (54 minutes) and Gabriel (40 minutes) were con-
ducted over video call (Microsoft Teams, Microsoft,
Redmond, WA).

Data analysis

Quasi-statistical ~ analysis. Quantitative  analysis  was
employed to determine both the player’s training and match
exposures across the three different team settings. The for-
mer is the total number of training minutes, and the latter is
the total number of match minutes played.>® For the
player’s seasonal physical loading, descriptive statistics
were used to present mean + SD, minimum, maximum
and the coefficient of variation (CV) for weekly (i.e.,
Monday to Sunday) external loads. The external load vari-
ables selected for the analysis were duration (minutes), total
distance (km), and three different speed categories that were
organized into the following thresholds: running (14.4—
19.7 km/h), high-speed running (19.8-25.1 km/h), and

sprinting (>25.1 km/h). These speed categories have been
previously used in research within the adult men’s game.*

Hierarchical content analysis. The interviews were tran-
scribed verbatim, and a hierarchical content analysis
(HCA) was conducted that incorporated movement back
and forth between inductive and deductive approaches,
whereby an unconstrained and evolving matrix enabled cat-
egories to be generated.*** The aim of a HCA is to system-
atize, reduce, and interrogate the content of the qualitative
data by coding it, identifying consistencies, or patterns, to
develop smaller and larger categories into a hierarchical
structure that enables researchers to coherently describe
their findings.*® To prepare the HCA, the lead investigator
[PM] immersed himself in the data, reading the interview
text line-by-line on several occasions. Meanwhile, he was
also tagging raw data during this immersion phase, jotting
down notes and headings, and beginning to detect and
establish codes. Next was the process of abstraction, which
means a general description of the qualitative data capture is
formulated by generating categories.’” This entailed the
lead investigator clustering codes together to create mean-
ingful categories, using content-characteristic words to pro-
duce the names of each category.®* Categories were then
organized into larger, more comprehensive categories.
The reliability of the sub-categories was cross-checked
with the raw data, while the grouping of the sub-categories
under both the generic and main categories was
re-examined on multiple occasions by the lead investigator.
Next, the analysis was turned over to two members of the
research team [ML, SR], who hold significant experience
and engagement in qualitative research in professional soc-
cer, for confirmation. This process of confirmation supports
the trustworthiness of the analysis, as these researchers were
not involved in the video data capture and instead serve as
an independent check on the integrity of the analytic frame-
work.*® Thus, they reviewed the coded data and category
structure, critically examining the alignment between
tagged raw data, illustrated exemplar quotes, and repre-
sented categories, before providing feedback on the coher-
ence and interpretative clarity of the analysis. The
qualitative results are presented in a table format and con-
tain quantitative counts for each category.

Results

Training and match exposures

The MLS homegrown player’s training and match exposure
from the preseason, in-season, and postseason phases across
the three different team settings are presented in Table 1.
The distribution of training types by match day code for
each team setting is presented in Figure 1. The homegrown
player recorded a total of 49 tapering sessions (i.e., MD
—1), 31 acquisition sessions (i.e., MD —4 and MD -3
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Figure 2. The MLS homegrown player’s total weekly running (14.4—19.7 km/h), high-speed running (19.8-25.1 km/h), and sprinting
(>25.2 km/h) distances across three training phases. Notes. In addition to attending two NT camps during the preseason and in-season
phases, the homegrown player also completed two training microcycles exclusively within the RT setting. DTC = domestic training

camp; YIT =youth international tournament.

combined), and six compensatory sessions (i.e., MD +1 and
MD +2 combined) across the three team settings during
three phases of training.

Seasonal physical loading

Figure 2 illustrates the mean weekly running, high speed
running, and sprinting distances across three phases of
MLS. The preseason and in-season GPS data are

summarized in Table 2, which provides the mean + SD,
minimum, maximum, and CV of weekly external loading.
Additionally, the total duration, total distance, running,
high-speed running, and sprinting distances covered
during the preseason and in-season phases are included
and is representative of both training and match loads
combined. External load data from the postsecason was
not included as it only comprised a single training
microcycle.
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Table 2. Descriptive data of preseason and in-season mean weekly external loads (m). Total external loads accumulated during the
preseason and in-season phases are posted in the gray column (km).

Phase Parameters Mean +SD Min Max cv Total
Total distance (m) 27,040 + 5889 17,074 33,116 22 162.2 km

Preseason Running (m) 3761 +702 3215 5027 19 22.6 km
High-speed running (m) 1357 + 632 284 2050 47 8.1 km
Sprinting (m) 389 +226 7 604 58 2.3 km
Total distance (m) 22,515+ 5689 4536 31,068 25 743 km

In-season Running (m) 2780 + 894 438 4770 32 91.7 km
High-speed running (m) 1185 +402 87 1762 34 39.1 km
Sprinting (m) 354+ 177 0 715 50 11.7 km

Formulated categories

The HCA generated two main categories, six generic cat-
egories and 26 sub-categories (Table 3). Both Tobias and
Gabriel addressed their club’s organizational aims (69
codes) and the provision of sport science support (55
codes). The former entails an overarching club strategy
and structure, which employs various player development
strategies aimed at supporting those transitioning into the
FT whilst balancing the management of the squad that is
training on a regular basis within the FT setting. The latter
encompasses staff alignment, which ensures the integration
between members of the MDT, particularly sport science
and medicine practitioners, whose collaboration can help
safeguard player health and performance. Further, the
employment of planning and periodization strategies were
key areas of practice for the two sport science practitioners
given that their club operates two professional entities,
including the FT and RT in MLS and MLSNP, respectively.
Technology and data management were also deemed vital
for knowledge dissemination to coaches and members of
the MDT who together are responsible for designing and
delivering training programs to support talented young
players transitioning to the FT.

Discussion

From the analysis of the quantitative and qualitative data
sources, this study’s findings have been organized into
two sections. Each section provides a summary and inter-
pretation of the homegrown player’s training program,
addressing relevant features of the CAS identified within
this case study concerning the youth-to-senior transition
process. The first section examines the player’s seasonal
physical loading, detailing the preseason and in-season
phases in separate subsections. Next, the second section
examines the working dynamics behind the provision of
match play in MLS and MLSNP for the homegrown player,
highlighting the club’s strategic use of its professional RT

to bolster the player’s match exposure in the latter third div-
ision domestic league to support his individual develop-
ment. Across both sections, relevant quotes from Tobias
and Gabriel provide contextual evidence pertaining to the
club’s organizational aims and their sport science provision,
which together contributed to the overall management of
the homegrown player’s training program during the course
of his first MLS season.

Physical loading during the preseason and in-season
phases

The first aim of this single case report was to quantify the
seasonal physical loading of an MLS homegrown player
transitioning to FT soccer. The player’s GPS data revealed
greater weekly external load volumes were recorded during
preseason versus the in-season phase, while a large within-
subject variation was also observed for both phases across
all external load measures. These findings concerning sea-
sonal physical loading are examined further in the following
subsections, while analyses are also provided on the
player’s training program whilst he shifted between the
FT, RT, and NT. For the postseason phase, insufficient
data was available to draw inferences due to an early elim-
ination from the MLS playoffs.

Preseason phase: first team and national team training
environments. The physical demands during preseason are
generally acknowledged to be greater than any other phase
of training as the primary objective during this period is to
develop players’ fitness in order to prepare them for the
impending competitive season.*® Accordingly, all external
load measures collected in this study, including duration,
total distance, running, high-speed running, and sprinting
demonstrated greater mean weekly volumes during pre-
season compared to the in-season for the adolescent home-
grown player (Table 2). Gabriel also noted that FT training
opportunities available during this period were particularly
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Table 3. Categories related to the youth-to-senior transition process within an MLS organization from the perspective of its sport
science practitioners.

Main
categories

Generic categories

Sub-categories

Supporting Quotes

Organizational

aims (69)

Sport science
provision
(55)

Club strategy and
structure (12)

Player development

strategies (30)

Squad management (27)

Planning and
periodization (37)

RT aims (2)

Results driven (2)

Talent development
pathway (2)

Training site setup (1)

Transfer market (1)

YA aims (4)

Educational interventions
4)

Growth and maturation
assessment (1)

Holistic development (4)

Lifestyle management
support (3)

Match play opportunities

©®)

Physical development (9)

FT needs (6)

FT training opportunities

(©)

Managing shifting players
(15)

Individualized
programming (4)

Injury risk analysis (5)

Match exposure (5)

Microcycle structure (4)

Planning process (8)

Rest and recovery (5)

Travel demands (6)

Gabriel: “We were working with the FT, supporting them
and they were supporting us."

Tobias: “But again, it’s a results business. If they feel like he’s
the best player, they wanna play them."

Tobias: “the American model compared to the European
model, it isn’t the same."

Gabriel: “We don’t train on the same fields, but we train at
the same time."

Tobias: “Looking at the wider picture of the league, clubs are
looking to cash in on exciting young players and sell them."

Tobias: “The goal is get players ready for the FT, but that’s
not the focus of a lot of academies. The focus [instead] is
just winning games."

Gabriel: “We are educating these players every year as we
evolve."

Tobias: “The academy is measuring peak height velocity and
taking performance metrics, but I’'m not sure that it really
moved the needle in terms of decisions made on players"

Tobias: “For me, a lot of it is looking out for them holistically
rather than just a playing perspective."

Gabriel: “It’s not only two hours of their day coming into
[train]... | think these players need to learn there’s also a
recovery process to it."

Tobias: “If he’s not going to be part of a FT game, then he will
definitely be part of the RT game."

Gabriel: “I think my role is to definitely help them enhance
themselves physically. We speak about it all the time here
at the club ... make sure these players are technically,
mentally and physically ready."

Tobias: “There’s always going to be an aspect of what
positions do we need if we're trying to play | 1vI]."

Tobias: “Sometime it may only be one session for some, but
in preseason, we had the first and second team together to
start."

Gabriel: “One of the challenges is the communication ...
obviously communication is key when these players move
up and down."

Gabriel: “We set the guidelines of what each player’s
schedule will look like, whether they have gym
post-training or pre-training."

Tobias: “That would be the biggest debates. Like what time
is the game the next day? Are we gonna put him at
unnecessary risk because of lack of sleep?"

Tobias: “You never know exactly how many minutes they’re
gonna play. And so a lot of the challenges would be around
schedule."

Gabriel: “The FT would always deal with his [training]
microcycle and know what his month would look like"
Gabriel: “We understood that we always had to have a Plan
B and a plan C just in case plan A didn’t go. It was us

adapting to what the FT wanted."

Tobias: “These things are incredibly taxing, so we just shut
him down for the weekend"

Gabriel: “Some of the challenges [for]the player is coming

(continued)
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Table 3. Continued.

Main

categories Generic categories Sub-categories

Supporting Quotes

Staff alignment (10)

Multidisciplinary team
communication (6)
Technology and data
management (8) 4)
Physical performance
testing (4)

Coach communication (4)

Centralized information

back from a [long] weekend of travel or coming back from
an international camp."

Gabriel: “We make sure that we know which players are
moving up and down. We communicate with head coaches
to [confirm] when any RT players needs to move up to the
FT and vice versa."

Tobias: “We have morning meetings before training with
our first and second team performance and medical staff"

Tobias: “The AMS comes in [handy], being able to, at all
times, have a complete record, so we know where they’re
trending, given the different coaching styles"

Gabriel: “The coaching staff like to compare any
performance testing we do with these players"

demanding for the homegrown player and other young pro-
fessionals, stating that “for a lot of these players, it becomes
a long preseason... guys like him and some of the [other]
second team players get exposure to the FT environment.
I think the mental fatigue is [something] we have to deal
with.” Similar to this practitioner’s perspective, it was
reported that when RT players participated in a FT pre-
season, they incurred higher external and internal loads
and experienced increased fatigue and stress compared to
their previous RT preseason.®” These findings reinforce
the importance of monitoring the load and response of ado-
lescent players on an individualized basis. Moreover, the
absence of established methods concerning how best to
integrate young professionals into the FT setting, combined
with a dearth of objective training guidelines for adolescent
players participating in adult team sport, emphasizes the
need to adopt tailored approaches.*’

Although the homegrown player successfully underwent
a six-week preseason, the absence of internal loading, such
as self-reported wellness response data, inhibits the ability
to evaluate how well he coped with the demands. When
appraising the substantial variability (CV = 19-58%) in pre-
season physical loading, it is important to consider the
underlying circumstances. Specifically, the homegrown
player engaged in two distinct training environments during
this demanding period. Following the second training
microcycle, which recorded the greatest volumes of running
(5027 m), high-speed running (2050 m) and sprinting
(604 m), the player temporarily transitioned from the adult
FT setting to an age-restricted youth NT for a domestic
training camp (Figure 2). Transitioning from club to coun-
try, particularly during preseason, reinforces important
assertions made by applied practitioners advocating for
greater transparency from both clubs and national federa-
tions when it comes to exchanging players’ health and per-
formance data,*' as these data sharing practices serve as
important, organized feedback loops to the agents within

this CAS (e.g., sport scientists).” Further, a lack of data
sharing may unnecessarily increase players’ risk of injury
and present a missed opportunity to optimize player devel-
opment.*? In the current study, the combination of a differ-
ent playing system (i.e., technical and tactical demands) and
a relatively younger training environment may have likely
disrupted the club’s prescribed physical loading for the
homegrown player leading into the MLS season.
Therefore, this club-to-international transition strengthens
the point that sports scientists can serve as boundary span-
ners for their organizations, developing relationships and
establishing networks between clubs and federations to
facilitate the exchange of data,* which can help improve
players’ integration into different training environments
by ensuring a more informed and tailored loading prescrip-
tion is implemented.44 Further, such data is invaluable, par-
ticularly for club practitioners during the preseason phase,
as their responsibilities generally include integrating com-
petition programming (i.e., the number of scrimmages
and/or friendlies scheduled), intense conditioning, and tech-
nical and tactical sessions into a cohesive training

program.*

In-season phase: first team, reserve team, and national team
training environments. Similar to the preseason phase, a
substantial within-subject variability in physical loading
was also observed during the in-season phase (CV =25—
50%). While this variability may in part be due to changes
that can occur in any player’s weekly training structure
within a single team setting, such as adjustments to fre-
quency, density, intensity, and volume,*¢ it may also be
due to several contextual factors specific to this particular
case study, which are related to the homegrown player’s
engagement in disparate training environments.
Therefore, the first factor to consider is the club’s use of
a squad-shifting strategy, which can often result in surplus
physical loading due to insufficient recovery pre- or post-
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match.’ In this study, the player frequently began his train-
ing microcycle in the FT, attending two or three sessions,
before shifting to the RT and participating in one or two
training sessions to prepare for the upcoming MLSNP
opponent. In other instances, if the player was either an
unused substitute or played for only a marginal number
of minutes in the FT (i.e., <20 minutes), he was then allo-
cated to the RT to be rostered for a match the following day
when scheduling permitted. Afterwards, he returned to the
FT for the ensuing training microcycle. While this transi-
ent state, involving regular movement back and forth
between the FT and RT over multiple training microcycles,
may have contributed to the homegrown player’s in-season
physical loading variability, Gabriel commented on the
club’s approach to individualized programming, stating
“we made sure he was getting the [match] minutes he
needed, but at the same time that his routine [for] recovery
and preparation wasn’t affected at all, whether he was with
us or with the FT.” This statement underscores the continu-
ous inputs needed from agents to maintain system func-
tioning while the homegrown player was shifting
between training environments.’

The next factor to consider involves the travel demands
within the MLS ecosystem (i.e., first and third division
domestic leagues), as the geographical size of the US and
Canada means players encounter trans-meridian air travel,
extended hotel stays, and alterations to training schedules,
which can subsequently impair their physical preparation
for away competition.*”** In this study, the homegrown
player was rostered for 16 away matches, including eight
first division matches, seven third division matches, and
one domestic cup match. Tobias spoke on the implications
of travel, stating “the effects of travel, playing professional
soccer in the US is huge... Travel is a big one, obviously. It
impacts sleep, nutrition, training load...” This remark illus-
trates how MLS sport science practitioners must strategic-
ally plan training programs around protecting players’
sleep, ensuring appropriate food and fluid intake, and syn-
chronizing appropriate physical loads around travel, espe-
cially as the in-season phase progresses and the
psycho-physiological toll of travel fatigue begins to accu-
mulate.** Moreover, a league-wide retrospective study
recently reported a small positive association between
cumulative travel and high-intensity (>20.2 km/h) distance
covered by away-teams.>® While the study’s authors note
that the implications of these findings on applied practice
are difficult to determine, practitioners in MLS may wish
to consider monitoring squad-shifting players’ accumulated
travel distance, duration, and time away as a means of man-
aging organizational stressors related to extensive travel. By
collecting measures associated with travel, a club’s MDT
may better determine an appropriate balance between
underloading and overloading, especially during periods
when the player is regularly shifting between the sub-
systems (i.e., FT, RT, NT) of this CAS.

The final factor influencing the player’s physical loading
variability was the application of rest and recovery, particu-
larly after his participation in a major youth international
tournament in Central America during microcycles 16—19
with the NT. The weekly external load volumes recorded
during these four training microcycles ranged between
2768-3571 m, 938-1301 m, and 193-451 m for running,
high-speed running, and sprinting, respectively. Upon
returning to his club, the homegrown player was prescribed
a five-day rest period, during which he refrained from struc-
tured training and club activities entirely. This break, sched-
uled during microcycle 20, resulted in a substantial
reduction in physical loading before full training was
resumed in the subsequent microcycle (Figure 2). Tobias
elaborated on the reasoning behind this decision.

We managed to give him time off in July. He was keen to get
straight back into it... but he’d been away for four weeks...
I've experienced those [international] environments, and you
don’t realize how demanding they are, and players can often
have a little dip [in performance] afterwards.

Due to the homegrown player’s prolonged period away
with the NT, resulting in 5 appearances and 383 minutes
played, the club determined a conventional prescription of
passive rest was appropriate as it entered the latter months
of the MLS season. Ultimately, the multiple days of rest
may have benefited the player’s physical, psychological,
and emotional recovery, subsequently enabling him to
deactivate cognitions and emotions related to the inter-
national tournament,”' while also mitigating any residual
fatigue elicited by the cumulative impact of training, com-
petition, and travel up to this point during the in-season
phase.*’

Match play provision to support player development

The second aim of this single case report was to explore the
working dynamics behind the transitioning player’s training
program through the perspectives of two club sport scien-
tists. The qualitative interviews revealed that a fundamental
aspect of this MLS club’s approach to transition planning
was to ensure the homegrown player experienced regular
match play, which is recognized as essential to any club’s
systematic training program aimed at developing young
players.>* Upon further examination of the total accumula-
tive physical load (Table 2), GPS data revealed that the
MLS homegrown player’s in-season volumes were analo-
gous to the seasonal physical loads of starters in an
English Premier League club, including duration (10,678
+916 minutes), total distance (816.2 +92.5 km), running
(91.8 + 16.3 km), high-speed running (35.0 + 8.2 km) and
sprinting (11.2+4.2km) distances.” Such volumes
recorded in the present study are likely due to the substantial
match exposure the homegrown player accrued across the
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three different team settings, particularly the professional
RT.

Within this MLS club, technical leadership had ear-
marked match play opportunities as a key priority for young
players, which Tobias highlighted when sharing his per-
spective on the club’s approach to developing players tran-
sitioning to the FT.

1 give the manager and assistant manager a lot of credit, they
were very big on making sure these young [players] got as
many minutes as they could. That was a big focus area...
say, the MLS Next Pro side would play directly after [the
FT], and if they didn’t play major minutes, let’s get them min-
utes... Let’s get them the opportunity to go out there and play
games, because that’s how they re going to get better.

However, playing time is never guaranteed for young
players when they sign a contract with the FT, which can
impact their sense of belonging with the team, raise their
levels of stress, and leave them frustrated and feeling lonely
by the lack of playing opportunities.'®>**>* In the context of
this case study, at the beginning of the season, the home-
grown player was selected as a starter and substitute, log-
ging nine appearances and 505 minutes played with the
FT from February to May, but as the in-season phase pro-
gressed, the number of appearances and subsequent playing
time in FT competitions abruptly declined (Table 1).
Consequently, when opportunities in the FT became lim-
ited, the club adapted the homegrown player’s transition
plan, giving rise to emergent behaviors within this CAS,’
whereby the agents within the club’s sub-systems subse-
quently elected to utilize third division competition pro-
gramming with the RT to ensure adequate match
exposure was afforded to the homegrown player while he
completed his transition to FT soccer.

Other practical solutions for managing transitioning
players include designing individualized development plans
and formalizing more direct communication.'® The latter
may alleviate stressors that can arise when players feel
they are in a “gray period,” whereby they do not understand
what their standing is within the club.'® Whilst the former is
crucial, as it helps address players’ specific developmental
needs and prevents stagnation that can occur when reduced
playing time coincides with a FT training schedule focused
on recovery and preparation for competition, rather than
individualized coaching and intensive training.*>
Furthermore, although compensatory training sessions can
provide an adequate conditioning stimulus for non-starting
players,>® participation in competitive matches remain the
most effective way to achieve high-intensity loads while
also exposing players to realistic, soccer-specific stimuli
essential for individual development.?’

During the in-season phase, the homegrown player only
completed seven compensatory sessions, or “top-up” ses-
sions, immediately post-match and six compensatory

sessions 24-t0-48 hours post-match (Figure 1). At the con-
clusion of the in-season phase, the homegrown player’s
match exposure comprised a total of 26 appearances and
1796 minutes played in official competitions for his MLS
club, including 11 (470 minutes played) and 15 appearances
(1327 minutes played) for the FT and RT, respectively. The
dynamic, non-linear interactions, albeit short in nature,
between the RT and homegrown player seem to demon-
strate that over the course of the parallel MLS and
MLSNP seasons, the aims of the RT within this club’s
organizational structure render it holding different symbolic
and strategical roles,’’ meaning it serves as both a develop-
ment team and an extension of the FT.>° As Gabriel
explained, “we work hand in hand with the FT, supporting
them... the goal for us is to support the FT and to have
second team players ready to make the jump into the FT
environment.”

Practical implications

This case study highlights several important considerations
for practitioners charged with designing, implementing, and
monitoring the systematic training programs of transition-
ing adolescent homegrown players. First, physical loading
may be highly variable across preseason and in-season
phases, especially for players oscillating between disparate
training environments (i.e., FT, RT, and NT). For a MDT
working within a club, GPS technology is an important
diagnostic tool during the transition process, informing tai-
lored training interventions not only to progressively
expose developing players to greater intensities that drive
adaptations to meet the increased physical demands in the
FT, but also to help mitigate a transitioning player’s risk
of injury, overtraining, and/or burnout. Thus, the GPS
data serves as a feedback mechanism within this broader
player development system, supporting data-informed prac-
tices throughout the transition process.”® Second, travel
demands related to domestic competition programming
and international call-ups further underscore the need for
strategic planning approaches to optimize players’ perform-
ance and recovery.*® Sport scientists and other MDT mem-
bers (e.g., athletic trainers, physiotherapists, strength and
conditioning coaches, etc.) can act as boundary spanners,
fostering communication between clubs and national fed-
erations to facilitate data sharing and maintain continuity
in load monitoring, which can ultimately support the adapt-
ability of this CAS. Finally, coordinated squad-shifting pol-
icies should be guided by a clear understanding of the RT’s
dual role, serving as both a developmental environment and
an auxiliary to the FT. Clubs explicitly defining this entity’s
role may better ensure alignment in objectives and commu-
nication between FT and RT staff, which can subsequently
optimize development outcomes for transitioning players
while also managing cascading effects across the wider
RT roster.
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Limitations and future directions

Despite the valuable GPS data and practitioner insights pro-
vided in this study, there exists limitations and opportunities
for future research. First, given the homegrown player
accrued 16 appearances (798 minutes played) with the
FT, this study focused on what could be deemed a success-
ful transition, which may overlook valuable information
that could be gathered on players determined to be less tal-
ented or whose transitions were less effective. A compara-
tive analysis of these contrasting transition experiences
could have provided a more balanced understanding of
the factors influencing the transition process.
Additionally, while this single case offers greater contextual
depth of a transitioning player’s training program, conduct-
ing multiple case studies across multiple clubs would allow
for broader generalizations and uncover systematic differ-
ences in transition planning that are employed by clubs
across MLS. Future research should also consider employ-
ing longitudinal studies, tracking player transitions over
multiple seasons, which would offer a more nuanced and
complete understanding of long-term development trajec-
tories and adaptations to transition planning. Finally, future
research should consider including the perspective of
players themselves, as well as national federation personnel,
to capture a more holistic and multi-level understanding of
how youth-to-senior transitions are navigated and supported
across the broader sport ecosystem.

Conclusion

To the authors’ knowledge, this is the first study to quantify
the seasonal physical loading of an adolescent homegrown
player navigating the youth-to-senior transition process in
MLS. This study highlights the complexity in managing a
transitioning player’s training program when shifting
between multiple team settings, each with distinct objec-
tives, training demands, and organizational constraints.
Variability in physical loading across preseason and
in-season phases reflected the influence of contextual fac-
tors such as squad-shifting, international call-ups, and
extensive travel, underscoring the need to design tailored,
adaptive strategies for effective transition planning. This
study also reinforced the strategic importance that the RT
can have in providing consistent match exposure for a
developing homegrown player transitioning to FT soccer.
The integration of GPS data and practitioner interview
data further demonstrated how sport scientists act as key
agents in maintaining coherence and resilience within the
system. Overall, this study has provided an alternative
approach to examining the youth-to-senior transition
through a CAS framework. Identifying the dynamic, non-
linear, and emergent properties inherent in the transition
process is essential for balancing immediate performance
priorities with long-term player development goals. By

embedding system-wide approaches that integrate monitor-
ing, collaboration, and strategic alignment, clubs can more
effectively support talented homegrown players as they pro-
gress into professional FT soccer.
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