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Abstract Talent development process in football is considered as a
process of providing the optimal environment for identifying and
realising the maximum ability of young athletes. A multidimensional
approach to analysing factors that influence junior to senior transition
can produce much better support for coaches and management to
distinguish elite and non-elite players. With development of digital
technologies and artificial intelligence, more clubs are able to perform
detailed analysis of their youth development programme. In this paper,
we focus on identfying good practices in connecting digital
technologies with talent development process in sports. Based on
established methods and techniques used by experts in a field of data
mining within sports, we want to select an appropriate methodology
and approach in discovering knowledge from the data for the doctoral
dissertation. Literature review presents a first step in a hollistic process
of identifying key attributes in junior to senior transition. The findings
suggest that the comprehensive approach towards analysing data in
sports, results in better identification of skills and attributes of young
athletes. Consequently, data mining in sports is becoming more and
more important in assessing important characteristics on every level

within talent development process.
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1 Introduction

European football market size has doubled over the past decades. Many private
investors from Asia, Middle Fast and Russia have joined the European football
landscape in that period. This inflow of funding raised transfer activity and many
clubs started searching for better options on market rather than in their own youth
academy. Financial capabilities allow big clubs to invest money in the more
developed players, while clubs with limited financial abilities need to go through the
entire junior-to-senior transition (JST) process in order to transition them to the first
squad or sell them. As most of the clubs depend on selling players, they must adapt
to current trends and development of new technologies. Among these are
comprehensive statistical analysis, which, combined with use of sophisticated
technology and artificial intelligence, create a new understanding of the development
process and evaluation of the players. Measuring performance of individuals during
training sessions and league games has increased in recent years together with
technological improvements. Artificial intelligence and modern statistical
approaches in discovering knowledge in data (data mining) have brought new ways
of understanding key factors in measuring performance, skill, attributes, talent
development and other important aspects, which play an important role in the world
of football. Most of the small and medium sized European football clubs evaluate
their youth prospects solely qualitatively or by using basic statistical methods, which
turn out to be insufficient in accurate monitoring of talents’ professional
development. Moreover, the collected data has small impact on decision-making
process as coaches and managers have limited or no professional support from data
analysts. Consequently, the data present a burden rather than the advantage for the
club.

2 Methodology

The central question of the research project is: Which athlete’s attributes play a key

role in successful transition from youth to professional football player?

In order to answer the central question, the purpose of the study is to create a model,
which will help us recognize importance of factors in youth development in football.
By creating a model, which will be based on quantitative research of sub-elite and

elite youth academies across various European football clubs, we want to encourage
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sport clubs around Europe to start using advanced data methods and modern
technological equipment to improve their youth academies and to understand the
value behind the work they put in raising youth to become professionals. First step
is literature review where we will overview the topic, compare different views of
authors about the existing problem and examine the gap in the research. Articles in
the literature review will be obtained through various online databases, such as Web
of Science (WoS) and other bibliographic databases, mainly connected to spotts,
talent development and digital technology. The key words used for literature review
included “talent development in sports”, “talent development and artificial
intelligence” and “data mining in sports”. The data for the research will mostly be
collected through interaction with high profile subjects within management of the
clubs and the players of the observed club and through different research methods.
We plan on using a mixed method of design science research (DSR) and multiple
case study (MCS). The main methodological approach will be DSR, while we intend
on using MCS for collecting and analysing the data for model development.
Quantitative data will be collected through observation and measurement tests of
pre-defined mental, physical, tactical and technical skills. The data will also include
other attributes and characteristics of each individual. Qualitative data will be
collected through interaction with managers and coaches within youth academy and
by interviewing observed players (semi-structured interviews). While some data are
publicly available, the rest is to be collected in agreement with the selected clubs and
individuals who are willing to provide their personal opinions on requested topics.
The proposed duration of collecting the data is a year and a half. Each of the selected
clubs will be evaluated once every 6 months in a span of a week. Clubs will be
selected according to groups and sub-groups classified by the ECA evaluation
system. Proposed sample involves up to 3 football clubs in each division (i.e. max.
12 clubs). Each club will be requested to assign their youth teams (between 13 — 17
years old) for the tests. Tests will be performed by coaches and training specialists
according to instructions given by the researchers. Altogether the sample should
involve between 600 - 1000 talents. The data will be analysed with modern statistical
methods and tools. Model will be based on data mining process and evaluated
through CRISP-DM process model. Anticipated methods include algorithms such
as KNN, AdaBoost, Naive Bayes and Random forest.
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3 Existing literature

As football is the most popular and played sport in the world with estimated 3,5
Billion fans all around the world, much research has been done in the academic and
non-academic field. With more and more technology involved in sports, many other
professions, traditionally less connected to football, find their common points of
research with football. A lot of research has been done connecting football and
medicine (such as Hawkings et al., 2001, Krustrup & Krustrup, 2018, Kramer, 2010)
or football and tracking systems (e.g. Link et al., 2016, Schutz et al., 2019). With
development of football related topics, clubs learn and implement new business
models to their youth academies. On the other hand, it is important to understand
the perspectives of youth players themselves. Chamotro et al. (2016) suggest, that
youth football players, who are not only interested in becoming professionals but
also give importance to education and private life, appear to be more resourceful to
cope with the transition to professional football. According to Franck (2018, p.55)
JST is very complex and therefore, she suggests the following: “I recommend that
future research should continue combining quantitative methods with in-depth
interviews in a mixed-methods approach when exploring the JST. This type of
approach provides detailed pictures of different pathways and life experiences. In
the future, research exploring how social agents in the environment perceive their
roles in assisting JST athletes could also be beneficial« Beside athletic
predispositions, it is also crucial for youth to compete on high level before moving
to senior level. Hollings (2013) claims, that there is a higher probability for youth
athletes, who have already competed on high level, to become elite senior players.
Lorenzo et al. (2009) came to the same conclusion in basketball. Interviewed youth
players pointed out tougher demand and seriousness when they train with the senior
team. They required more mental and physical effort. In order to train more, they
had to sacrifice their leisure time and consequently they wasted more time for
studying. The transition from amateur to professional can differ from sport to spott.
One of the most prominent researchers in the youth development process in sports,
Stambulova (2010), presents a 5-step career planning strategy as a guideline for each
individual to estimate different spheres in his/her current life and structute the
future by thinking forward and adjusting priorities to the wished result. Bennie &
O’Connor (20006) claim, that transition from youth to senior stage is also influenced
by other forces, such as psychological, social, economic and political forces. This
claim is consistent with the prediction, that development of youth players is not only
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connected to one’s motivation and existing sportive components, but also challenges
and problems of a daily life. Another important factor in the youth development
process are talent’s parents. They are important for young athletes, but can often be
too pushy (Stambulova et al., 2009). To check intensiveness of pushing young talents
by their parents, coaches or other authorities, authors many times rely on the push
pull anti-push anti-pull model. Ekstrém & Sundqvist (2009) use the model to
investigate the reasons of continuing or dropping out of the sport at Swedish youth
hockey players in transition. In order to understand why and how much an athlete
improves, we must create a continuous process of measuring and evaluating
individual’s physical, tactical and technical attributes. Growing sport industry has
become more demanding and consequently, professional sport teams hardly
compete on an international level without a full support of advanced technology.
Yokesh & Kumar (2015) state, that technology changes the way we see sports. It
influences what we play and how we play it. It improves ways to predict and treat
injuries. De Koning (2010) agrees with that by claiming, that technological
improvements could be the key to future world records. Author based his claims on
comparing world record times in 1500-m speed skating for men and development
of technology. Cortsen & Rascher (2018) focus on technology and data within
football. They claim that data inside sport have much higher value than many would
think and are much more difficult to use effectively. The problem is not just
technical but lack of financial and human resources as well. They also argue the
ownership of the data, which is crucial for profitability. Yet, profitability is only
possible if the quality of the data is sufficient and if the owner knows how to
commercialize it properly. Rein & Memmert (2016) agree with these claims and add
that big amount of data may pose a problem if the club does not have a sufficient
organizational structure and knowledge behind using modern technology. Machine
learning process in football can be valuable, but it must be in collaboration with
spott scientists as the process of understanding big data within tactical and technical
progress is extremely complex. With implementation of machine learning process
Musa et. al. (2020) present multiple performance-related parameters in beach
football and sepak takraw. Key performance indicators that define performance
were found in beach football, while results from analysis of sepak takraw turned out
inconclusive. However, it was demonstrated in the findings, that a number of
performance indicators are essential in distinguishing between losing and winning.
It was also concluded, that anthropometric indexes (such as standing and sitting
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height, leg length, skinfold measurements and other) have an impact in performance
of sepak takraw. Deep statistical analysis of the team and individuals performing in
team sports have also shown correlation between behavioural characteristics and
overall result of the team. Excellent players, who are hated in the dressing room,
who are prone to injuries or homesick, are less likely to bring out the best in their
colleagues (Tunaru & Viney, 2010). Another important characteristic of a successful
talent development is motivation. Forsman et. al. (20106) identify motivation as one
of the key reasons of successful talent development among football players in
Finland. Motivation does not only help a player maximize his abilities, furthermore,
it helps the team boost their confidence and rises morality. Authors also recognized
agility, passing and centering skills as most important ones in becoming elite player.
Pappalardo et. al. (2019) show that elite players do not always play excellence, they
just achieve it more often than the other players. Murr et al. (2018) add, that elite
players perform significantly better in dribbling tests and ball control, while shooting
ability had little impact on future development success. Authors have also found
significant positive correlation between motivation and future performance, which
confirms Forsman et. al. assumptions. Players with higher self-determination were
more likely to get selected to a higher performance level compated to the players
with lower self-determination. The results are supported by Kelly et. al. (2020)
analysis, which identified higher potentials had significantly better technical skills
such as lob pass ability, possession reliability, pass completion and average total
touches. Another important factor in talent identification at early age is relative age
effect (RAE). Doncaster et. al. (2020) demonstrate a persistent bias toward selecting
individuals born earlier in year in male football and basketball.

4 Conclusion

Based on this paper, the findings regarding talent development process and data
analysis show significant correlation. This study systematically analysed literature
review within connections between sports, talent development and use of data. It is
suggested that an appropriate use of data can determine and identify future abilities
and skills of young athletes. Moreover, it is required for professional sport teams to
use modern machine learning processes in order to compete on a top level
However, it is important to understand the value of the ownership of the data.
Furthermore, data need to be addressed professionally, as too much data might bring
more confusion rather than positive effect if treated wrongly. Conclusions regarding
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the importance of social factors show that parents, coaches and management of the
club have an important role in talent development. Another important feature in JST
is personality. Studies have shown that individuals with professional approach and
teamwork mindset are more likely to influence positive on the other individuals
within the squad. They are also more likely to advance faster in development process
as they spend more leisure time for individual practice. Future research is required
to explore other attributes and factors which play an important role in elite and sub-
elite player assessment. Additionally, data driven decision-making in football is still

relatively young process, which offers many opportunities to research and explore.
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