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Abstract

Background Talent identification and development (TID) programs aim to identify players with the greatest potential for
long-term success. Previous research suggests that the assessment of sport-specific technical skills is valuable for discrimi-
nating between more and less skilled individuals and/or for predicting future performance.

Objective This review aims to provide an overview on both the instruments used to assess sport-specific technical skills and
their discriminatory, explanatory and/or predictive findings in the context of TID.

Methods Electronic searches were conducted in PubMed, Web of Knowledge, SPORTDiscus, SURF and Scopus (January
1990-October 2019). Search terms covered the areas of sport, technical skills assessment, performance, skill level and youth.
In the end, 59 relevant studies were identified and evaluated.

Results The results highlight the widespread and important role of technical skills in TID; almost all studies (93%) reported
discriminatory, explanatory and/or predictive benefits for the assessment of sport-specific technical skills. Analyzing and
categorizing the number of assessment methods applied in the studies (n=69) according to their method type (‘technique-
related’ or ‘outcome-related’ variables) and method set-up (‘experimental’ or ‘competition’ data acquisition environment)
indicated a clear tendency towards ‘outcome-related’ (73%) and ‘experimental’ (75%) assessment methods. We also found
a strong overrepresentation of studies assessing cross-sectional data (75%) in soccer (53%) in male samples (74% of studies
reporting subjects’ sex) from European countries (64%).

Conclusions On the one hand, our findings demonstrate the great capability of sport-specific technical skills assessments to
discriminate different performance levels and predict future performance in TID activities. On the other hand, this review
highlights the focus on ‘outcome-related’ and ‘experimental’ methods in specific populations and, consequently, the limited
knowledge in other areas. Here, the application of ‘technique-related’ and ‘competition’ methods appears promising for
adding new knowledge, especially in the light of technological advances.

possible in the hope of laying the foundations for supe-
rior senior performance and success in the long term [1].
Although the increase in early TID is likely the result of
several factors (e.g., increased professionalization of elite

1 Introduction

In the last few decades, an increasing number of talent
identification and development (TID) programs in sports

have been installed by professional sports clubs, commer-
cial agencies and national governing institutions. All have
the goal of identifying talented young athletes as early as
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sport, greater focus on organized sport during childhood),
this process is also supported by research highlighting the
value of ‘deliberate practice’ as an essential element of long-
term development [2, 3] as well as by studies suggesting the
5-year period before pubertal growth is a sensitive period
for the acquisition of motor skills [4-6]. However, there are
many open questions regarding TID in young and develop-
ing players as indicated by the limited predictive value and
questionable validity of TID programs in general [7-10].
In connection with the increase in TID programs, sci-
entific research in the area of talent in sport and its related
aspects has intensified. Gagné’s [11] Differentiated Model
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This systematic review summarizes and categorizes stud-
ies between the years 1990 and 2019 that investigated
differences in sport-specific technical skills in young
athletes from different skill or performance levels and/or
the role of these skills in predicting later performance.

The included studies highlight the value of sport-specific
technical skills in TID for discriminating different skill
or performance levels and/or predicting later perfor-
mance while depicting the narrow and limited knowl-
edge we currently have in regard to different populations
and various assessment methods.

These findings can be used by scientists to develop inno-
vative study designs potentially providing new insights
into TID, as well as by administrators and coaches to
improve selection procedures and decision-making in
TID contexts.

of Giftedness and Talent (DMGT) sees talent development
as the “transformation of outstanding natural abilities (called
[mental and physical] gifts) into outstanding knowledge and
skills (called [competencies or] talents)” [11], while intrap-
ersonal (e.g., motivation) and environmental catalysts (e.g.,
family) moderate this process. Discussing Gagné’s model
in combination with other work and concepts in the field,
Baker et al. [12] recently presented their starting point for a
conceptualization of talent in sport. While Gagné defines a
talent as a superb quality or type of a skill (or knowledge),
Baker et al. see it as “that component of development that
is present at birth differentiating it from skills, which reflect
learned behaviors that may be confounded by talent” [12].
That is, the authors see a superb skill or performance as a
consequence of talent and not as the talent itself, further
specifying talent as “innate (i.e., originating in biological
elements present at birth), multi-dimensional (i.e., consisting
of capacities from a range of broad cognitive, physical, and
psychological categories), emergenic (i.e., involving interac-
tions among factors that combine multiplicatively), dynamic
(i.e., evolving across developmental time due to interactions
with environments and random gene expression) and sym-
biotic (i.e., cultural and social factors will determine the
ultimate value of an individual’s talent)” [12]. This multidi-
mensional, individual and dynamic character of talent has
also been emphasized by other studies [13, 14], and forms
the basis for how talent is positioned in the present review.
As TID decisions in young age groups are often based
on singular talent scouting events or camps, a large number
of factors (e.g., deciding coach/scout, athlete performance,
opponent performance) have to coincide for young players

to be selected into a TID program [15, 16], where they can
further develop their skills benefiting from the system’s mul-
tifaceted resources (e.g., personal, organizational, financial).
This early entry into the TID system and the associated ben-
efits appears to be a crucial factor in talent development
in many sports, especially when the environment outside
the professionalized institutions is underdeveloped or non-
existent in smaller, financially less resourced sports (e.g.,
female sports or marginalized sports such as climbing).
During the selection process, regardless of whether
it is based on a singular event or a more longitudinal tal-
ent analysis, the sport-specific skill or performance level
plays a crucial role and is dependent on the correct range
of social, anthropometrical and physical/physiological fac-
tors as well as cognitive/psychological, tactical and technical
skills [17, 18]. Previous research has been largely focused on
the assessment of anthropometrical (e.g., height, wingspan)
and physical/physiological performances (e.g., endurance,
speed, agility, strength) which can be strongly influenced
by differences in maturation and growth processes as well
as different learning rates (e.g., leading to ‘relative age
effects’ [19-22]), emphasizing the dynamic and individual
nature of both performance and talent. This must always
be considered when assessing both performance and talent
determinants in developing athletes. While the assessment
of anthropometrical and physical/physiological variables is
understandable given their undeniable importance in many
sports as well as their rather simple, proven and conveni-
ent assessment methods, the focus on these factors and the
neglect of other determinants appears striking and leaves
great potential untapped. In particular, technical skills seem
to be essential given the highly demanding and specialized
proficiencies required for high-quality performance in vari-
ous sports [23, 24] even during early phases of development
[25]. A few studies assessing sport-specific technical skills
using a multidimensional approach found these skills pre-
dicted later performance in a range of sports, such as drib-
bling tests in field hockey [26], swimming performance and
ball handling skills in water polo [27], the Loughborough
Soccer Passing Test and dribbling, passing, shooting and
ball control skills in soccer [28], and a slalom dribbling test
in handball [29]. This research highlights the importance of
technical skills within a multidimensional skill set. This skill
set is not only dynamic and individual during the develop-
ment of athletes, but also commonly unique to the sport and
its role- and position-specific demands. In this context, an
athlete showing inferiority in one skill area might be able
to make up for it with superior skill in another area, as the
skill requirements vary across different positions. This posi-
tion specificity in combination with frequently used group
comparisons (e.g., selected vs. non-selected, elite vs. non-
elite), where performance/scores of all players of a team or
group are combined, neglects differences across roles and
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positions and may lead to methodological problems and/
or inconclusive results. Moreover, one has to consider how
position-specific demands evolve as sports and strategies
change, as well as the more general and less position-specific
skills development in younger age groups where coaches and
development policies aim to develop ‘all-rounders’ with a
wide range of fundamental technical skills (i.e., not special-
ized players to fit into specific roles).

Furthermore, it is important to realize the interaction
of technical skills with tactical skills (e.g., game-reading,
anticipation, decision-making) as the successful execution
of a technical—tactical strategy is always dependent on both
skill types. The optimal automation of technical skills entails
better possibilities for a player to execute tactical strategies
as this automation frees up attentional resources that can be
devoted to tactical and other objectives [30, 31].

Other research suggests the assessment of sport-specific
technical skills is an important element of effective TID.
It appears that sport-specific technical skills tests have the
capacity to discriminate between low and high performance
during pre-adolescence and adolescence (10-16 years of
age) and to better predict future performance compared
to other indicators [32-34]. However, technical skills can
be operationalized and assessed in different ways (e.g.,
focusing on the outcome or the technique) and it is not
clear which approach is best for TID across sports [35].
On the one hand, technical skills can be easily assessed
by measuring the time, speed and/or accuracy on a sport-
specific task (e.g., target goal kick in soccer or ball speed
in baseball pitching; that is, measuring the outcome or
result of the movement). On the other hand, more advanced
assessment methods can provide valid and reliable electro-
myographic, kinematic and kinetic data of the human body
during movement (i.e., measuring the movement technique
being defined as describing “[...] the relative position and
orientation of body segments as they change during the
performance of a sport task to perform that task effec-
tively” [35].) for the evaluation of technical skills within
TID [25, 36].

The findings described above emphasize the crucial role
of sport-specific technical skills in sports performance and
accordingly in TID. Until now, to our knowledge, there has
been no systematic overview on the assessment of sport-
specific technical skills in the field of TID. An overview of
both the applied assessment methods and the related findings
is needed to improve existing approaches to TID as well as
to develop new approaches to further exploration.

The aim of this systematic review was to provide a sum-
mary of studies assessing sport-specific technical skills,
their specific assessment methods in more detail (analyzed
by their method type and their method set-up; see Sect. 3.3
for details), and their findings in the context of TID research.

Based on this state-of-the-science review, evidence-based
suggestions are derived to guide future work in the field.

2 Methods
2.1 Search Design, Inclusion and Exclusion Criteria

This systematic review followed the guidelines of the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [37]. Searches were
conducted in the electronic databases PubMed, Web of
Knowledge, SPORTDiscus, SURF and Scopus, and were
limited to peer-reviewed journal publications of original
studies published in English between January 1990 and
November 2019 (date of search: November 22, 2019).
Search terms were adjusted to the settings and limitations of
the respective database and covered the four areas of sport,
technique, talent and youth:

e Sport coverage. Studies must cover a sport.
Search terms: (sport* OR running OR “figure skating”
OR diving OR soccer OR volleyball OR basketball OR
handball OR football OR rugby OR “water polo” OR
golf OR hockey OR korfball OR cricket OR baseball
OR softball OR “table tennis” OR tennis OR badminton
OR squash OR “weight lifting” OR ski OR skiing OR
snowboard* OR swim* OR sprint* OR “long jump*”
OR “high jump*” OR hurdl* OR javelin* OR discus*
OR shot-put* OR pole OR cycling OR gymnastic* OR
lacrosse OR skating OR wrestling) AND
e Technique assessment. The study must include an assess-
ment of sport-specific technical skills.
Search terms: (techni*) AND (test* OR measur* OR
examin* OR assess* OR evaluat*) AND
e Talent assessment. Studies must contain a skill and/or
performance level assessment. That is, they must conduct
a group comparison (e.g., mean differences in elite vs.
sub-elite) or relate the technical skills to (future) achieve-
ments (e.g., tournament or championship ranking).
Search terms: (aptitud* OR talent* OR abilit* OR
expert® OR gift* OR endowment OR excellen* OR suc-
cess* OR perform* OR development OR identification)
AND
® Youth coverage. Only studies investigating pre-adult
(<18 years) subjects were considered for this review.
Search terms: (child* OR adolescen* OR boy* OR
girl* OR youth* OR teen* OR young* OR puberty OR
kid* OR junior* OR cadet* OR pupil* OR teen*).

After deleting duplicates and obtaining titles and
abstracts, three authors (IF, JS, TK) independently screened
the results based on the inclusion criteria above. Articles
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were excluded from the review if they did not represent
journal publications of original studies (e.g., reviews, com-
mentaries, or book chapters), handled general motor abili-
ties and their assessment (e.g., KorperkoordinationsTest fiir
Kinder), and/or did not relate technical skills to distinguish-
ing between skill levels or predicting future performance. In
cases where the titles and abstracts did not yield sufficient
information to decide on inclusion, full-text articles were
consulted. After this first set of articles was determined, ref-
erence lists of all articles still in the sample were checked for
additional studies to be included based on the criteria above.
This final list of articles was then included in both a quality
check and the data synthesis.

2.2 Quality Check

The methodological quality of all included articles was
evaluated using a modified checklist based on the STROBE
(Strengthening the Reporting of Observational Studies in
Epidemiology) Statement [38] and its adaptations by Smith
et al. [39]. Although the STROBE Statement’s checklist
explicitly was not developed as an instrument to evaluate the
quality of observational research, it includes a number of key
components of high-quality research and is frequently used
for quality evaluations within articles recently published in
Sports Medicine (e.g., [39-41]). Following the goal of pro-
viding “guidance on how to report observational research
well” [38], the STROBE Initiative developed an evaluation
solution for the cohort and cross-sectional study designs
that are highly prevalent in sports science. Accordingly, the
checklist allowed for an evaluation of the research assessed
in this systematic review that is at least as good as other
common evaluation instruments (e.g. the Downs and Black
checklist [42]).

The applied checklist included a total of 16 items assess-
ing the articles’ overall quality based on a score of ‘0’ for
missing or insufficient and ‘1’ for presented and sufficient
information. After every item was rated independently by
two researchers (IF, TK) and consensus was reached through
discussion, the overall score for each article was calculated
by summing the ratings of all items and transforming this
overall score into categories of low, moderate and high
quality based on scores of < 10, 10-13 and 14-16 [39],
respectively.

2.3 Data Extraction

Study characteristics were manually extracted into custom
Excel workbooks (Microsoft Excel 2019, Microsoft Corpo-
ration, Redmond, Washington, USA) for all studies included
in the review. The dataset included information on authors’

names, the journal and publication year, the sample’s coun-
try of origin, the sample size, the sport investigated, the
sample’s performance level and the respective terminology
applied, the participants’ age and sex, the applied assess-
ment methods (including the method type and the method
set-up, see Sect. 3.3 for a detailed description), and finally,
the study’s findings.

Subsequently, information on the studies’ quality (see
Sect. 2.2) and findings was combined to rate the level of
evidence for every assessment method based on the rating
system presented in Table 1. Each assessment method’s level
of evidence represents the empirical evidence confirming
(+) or rejecting (—) this method’s capability to discriminate
groups of different skill/performance levels, explain past
performance and/or predict future performance.

3 Results

The systematic database searches resulted in 8808 studies
(see flow chart, Fig. 1). After removing duplicates (n=2349)
and excluding studies based on their title and abstract
(n=6388), the full text of 71 studies were reviewed. Exam-
ining the reference lists of those papers resulted in eight
additional articles. After thorough assessment, 20 of the
79 articles were removed as they were missing either the
relationship of technical skills and skill/performance level
(n=11) or detailed information on the methods (n=1),
assessed only technical abilities instead of sport-specific
skills (n=15), were published as a book chapter (n=1) or
investigated subjects older than 18 years (n=2). Thus, a
final number of 59 articles were analyzed for the qualitative
synthesis.

3.1 Quality Check

After independent rating, the two researchers (IF, TK)
reached a sufficient agreement rate of 96% before differences
were discussed and a consensus was reached for all items.
The main differences between researcher ratings were for the
two items ‘Handling missing information’ and ‘Providing
effect sizes’. The quality check resulted in an average quality
score of 14.42 (+0.99) for all articles with the lowest scor-
ing articles receiving scores of 12 and the best quality article
having a perfect score of 16. Ten articles showed moderate
quality and the remaining studies were rated as high quality
(see Table 2). The largest deficits were found for the items
‘Study setting information’ (32/59 studies), ‘Study limita-
tions’ (39/59 studies), ‘Providing effect sizes’ (41/59 stud-
ies), and ‘Participant information’ (42/59 studies).
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Table 1 Level of evidence ratings

Level of evidence Definition Rating

Conflicting Conflicting results (<2:1 ratio) between studies finding (no) discriminatory, explanatory and/or predictive effects  +/—

Limited One study of high OR two studies of moderate quality find (no) discriminatory, explanatory and/or predictive + (=)
effects

Moderate Two studies of high OR three studies of moderate quality find (no) discriminatory, explanatory and/or predictive ~ ++(—)
effects

Strong At least three studies of high OR at least five studies of moderate quality find (no) discriminatory, explanatory +++(-)

and/or predictive effects

Records identified through electronic
database searching
(n =8808)

(PubMed =537, Web of Science = 2126,
SPORTDiscus = 1700, SURF = 824, Scopus = 3621)

Duplicates removed
(n=2349)

4

Screened for inclusion

(n = 6459)
Excluded articles based on
> title or abstract
v (n =6388)
Studies included in review
before reference check
(n=71)
Additional studies from
reference check >
(n=8) Full-text articles excluded
A (n=20)
Full-text articles assessed Main exclusion reason:
for eligibility * No investigation of relationship
(n=79) between technical skills and
performance (n =11)
.| * Published as a book chapter (n =1)
"l * No technical skills, only abilities (n = 5)
* Missing information on methods (n = 1)
4 * Subjects older than 18 years (n = 2)
Studies included in review
(n=59)
Fig.1 Flow diagram displaying the search’s work flow
3.2 Descriptive Results Almost two-thirds of the studies (n=38) were from Euro-

pean countries; while the rest were conducted in Australia
Most articles were published since 2009 (n=47) with a  (n=11), Brazil (n=4), Israel (n=13), Tunisia (n=1), Malay-
high increase since 2016 (n=27); the oldest included article sia (n=1) and the USA (n=1). The vast majority (n=44)
was from 1995; while all others were published after 2000. of studies used cross-sectional observations with 14 studies
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using a longitudinal design and one study applying a quasi-
longitudinal approach [43]. The studies used a range of ter-
minologies to describe the skill/performance level (e.g., non-
talented vs. talented, novice vs. expert, non-elite vs. elite).
Besides Archer et al. [44] and French et al. [45] dealing with
young children (4.1 +0.7 and 7-10 years, respectively), all
other studies examined samples between the ages of 10 and
18. Additionally, most samples were male (n=31) compared
to female only (n =4) and mixed samples (n=7). Seventeen
studies did not provide information on the participants’ sex.
Excluding four studies with extraordinary large sample sizes
(n=068,158, 14,178, 22,843 and 1134) [46—49] for this cal-
culation, the mean sample size was n=111 4 100 subjects.
The most commonly examined sports were soccer (n=32)
followed by Australian Football (n=7) and volleyball
(n=4). The remaining studies included swimming (n=3),
field hockey (n=2), thythmic gymnastics (n=2), water polo
(n=2), handball (n=2), tennis (n=2), rugby (n=1), basket-
ball (n=1) and baseball (n=1).

3.3 Assessment Methods for Technical Skills

In this review, the assessments are categorized based on
method type and set-up. These two categories describe the
different aspects of both the measured variables and the data
acquisition’s environment for assessing the sport-specific
technical skills.

Method type was divided into ‘technique-related’ or
‘outcome-related’ approaches. Here, ‘technique-related’
measurement methods followed a process- or technique-
focused approach; while ‘outcome-related’ methods inves-
tigated technical skills based on an outcome focus. For
example, a coach’s evaluation or a biomechanical analysis
(e.g., kinematic analysis of joint angles) of a throwing task
reflect a qualitative and quantitative [98], ‘technique-related’
measurement of throwing skill. On the other hand, the num-
ber of shots made in this throwing task is considered as an
‘outcome-related’ assessment of throwing skill. Based on
that classification, far more studies incorporated ‘outcome-
related’ (n=42) assessment methods of technical skills com-
pared to ‘technique-related’ (n=7) although some studies
used a mix of both (n=10).

To evaluate ecological validity and task representative-
ness, we examined the assessment method’s set-up and clas-
sified these as ‘experimental’ (i.e., experimental assessment
of isolated actions assessing various variables, e.g., time
needed for slalom course or shots made in shooting task)
and/or ‘competition’ (i.e., video and notational analysis of
competitions/matches assessing various variables, e.g., num-
ber of interceptions or successful passes) methods. Of the 59
studies, most applied ’experimental’ methods (n=48) with
only eight using ’competition’ measures; the remaining three
studies used a combination of both assessment methods [77].

We then related this information to the different method
types (‘outcome related’ vs. ‘technique related’) for all arti-
cles and found the 59 studies applied a total of 69 different
assessment methods across sports (see Fig. 2).

Figure 2 also shows the wide range in assessment meth-
ods’ level of evidence (see Sect. 2.3 and Table 1) with seven
‘strong’, 28 ‘moderate’, 29 ‘limited’ and five ‘conflicting’
levels of evidence. For example, 18 (14 of ‘high’, four of
‘moderate’ quality) studies found a discriminatory, explana-
tory and/or predictive effect for the time needed to complete
a slalom dribbling test in soccer, thus leading to a ‘strong’
and confirming (+++) level of evidence for this assessment
method (see Fig. 2). In another example, only one study (of
‘high’ quality) found no such effect for the number of un-/
successful carries in rugby, thus leading to a ‘limited’ and
rejecting (—) level of evidence (see Fig. 2). Overall, most
studies showed confirming results regarding the discrimina-
tory, explanatory and/or predictive capabilities of sport-spe-
cific technical skills, while the level of evidence was mainly
‘limited’ to ‘moderate’, mostly because of a lack of studies
applying the specific assessment methods.

3.4 Discriminatory Value of Technical Skills
Assessment

The most prevalent approaches in TID studies included in
this review checked for differences (e.g., ANOVA-based
approaches) in specific variables between athletes from dif-
ferent skill/performance levels (e.g., selected vs. unselected
or elite vs. sub-elite). Other common approaches aimed to
discriminate players based on those variables (e.g., discri-
minant analysis) or to relate those input variables to specific
outcome variables (e.g., correlations or regression analysis).
Of the 57 studies following these approaches, 53 found a
significant discriminatory and/or explanatory value for the
assessment of sport-specific technical skills. In the follow-
ing, representative examples of these studies are presented
and include data from basketball, Australian Football and
soccer.

Conducting an ‘outcome-related’ and ‘experimen-
tal’ methods approach in basketball, significantly better
shooting (Cohen’s d=1.11), passing (d=1.20), dribbling
(d=- 1.62) and defense (d=— 1.05) skills were found for
athletes selected to an elite regional team compared to non-
selected athletes [66]. Also following an ‘outcome-related’
and ‘experimental’ methods approach, a study in Australian
Football identified handball skills as being the most robust
single measure (area under receiver operator curve =76%,
confidence interval =62.5-89.5%) in a full logistic regres-
sion model to explain status (non-/state representation)
[55]. In their study of young soccer players (U12-U15),
Honer et al. [46] investigated technical skills applying an
‘experimental’ method set-up and a combination of both
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Assessment methods for sport-specific technical skills (n = 69)

Method type

Technique-related (n = 19) |

Method set-up | Experimental (n = 18) |

| Competition (n = 1) |

I Outcome-related (n = 50) |

| Experimental (n = 34) |
1§

| |
| Competition (n = 16) |
|

Rhythmic gymnastics
«  Four technical elements: Coach evaluation of
execution (+) [60]

Australian Football

* Handballing: Coach evaluation of target handballing
(++) [55, 86, 87]

« Kicking: Coach evaluation of target kicking (++) [55,
86,87]

+  Marking: Coach evaluation of execution (++) [86, 87]

Soccer
«  Dribbling: Coach evaluation of execution (+) [67]
* Shooting:
+ Coach evaluation of precision and speed
(based on GTSC) (+++) [46, 47, 48, 62, 67]
+ Kinematic analysis (+) [78]
* Passing: Coach evaluation based on GTSC (++) [62,
67)
*  First touch: Coach evaluation based on GTSC (+) [62]
* Marking: Coach evaluation based on GTSC (+) [62]
« Cover/Support: Coach evaluation based on GTSC (+)
[62]
« Control: Coach evaluation based on GTSC (+) [62]
* One versus One: Coach evaluation based on GTSC (+)
[62]
« Defense: Coach evaluation of execution (+) [91]

Swimming
* Coach evaluation of execution (++) [83, 85]

Baseball
*  Throwing: Force (+) [45]

Basketball

« Shooting: Total score (+) [66]

* Passing: Total score (+) [66]

*  Dribbling: Time needed for course (+) [66]

+ Defense: Time needed for seven slides (+) [66]

Australian Football
* Handballing: Ball accuracy (++) [93, 95]
* Kicking: Ball accuracy, Ball velocity (++) [93, 95]

Tennis
« Stroking: Ball accuracy, Ball velocity (++) [52, 71]

Volleyball

«  Spiking: Final score in target spiking (++) [65, 82]

* Serving: Final score in target serving (+/-) [65, 73,
82]

* Setting: Final score in target setting (++) [65, 82]

* Passing: Final score in target passing (++) [65, 82]

Field hockey
+  Shuttle dribbling: Time needed to finish (++) [26, 61]
« Slalom dribbling: Time needed to finish (++) [26, 61]

Handball

« Slalom dribbling: Time needed to finish (++) [29, 75]

« Throwing: Ball velocity (+) [75]

« Defense: Time needed to finish triangle sliding task
(+) [75]

Rhythmic gymnastics
Three technical elements: Ground contact time,
Flight time (-) [59]

Soccer
+ Shooting:
« Final score in target shots (+++) [49, 50, 51,
63, 70, 81, 8]
« Ball speed (+/-) [76, 77)
*  Ball control: Number of ball touches or sections in
juggling (+++) [46, 51, 57, 63, 79, 88, 96, 97]
+  Shuttle/Straight dribbling: Time needed to finish
(+++) [28, 44, 51, 53, 69]

«  Slalom dribbling: Time needed to finish (+++) [28, 44,

46, 47,48, 49, 50, 51, 53, 56, 68, 70, 78, 81, 88, 89,
96, 97]

« “skill index": time needed for slalom dribbling/time
needed for slalom sprinting (+) [56]

* Ugent dribbling test: Time needed to finish (++) [57,
79]

Australian Football

« Total disposals (match analysis) (++) [92, 94]

« Marks (match analysis) (++) [92, 94]

+ Contested possessions (match analysis) (++) [92, 94]
«Inside 50s (match analysis) (++) [92, 94]

« Rebounds 50s (match analysis) (++) [92, 94]

Baseball

+ Throwing: Accuracy (+) [45]
«  Batting: Average (+) [45]

« Catching: Total score (+) [45]

Rugby

+ Carrying: Un-/successful carries (match analysis) (-)
[90]

+ Tackling: Un-/successful tackles (match analysis) (-)
[90]

Soccer
+ Shooting: Correct/On-target shot (match analysis)
(+/-) [77, 84]
* Passing:
* Correct/Successful passes (match analysis)
(++) [77, 84, 89]
* Crosses (+) [84]
+ Dribbling: Correct dribbles (match analysis) (+/-)
(77, 84]
+ Defense: Disarms/Interceptions (match analysis)
(+/-) [77, 84, 89)

Swimming

Volleyball Water Polo
«  Spiking: Coach evaluation of execution (++) [64, 65, «  Straight swimming: Time needed to finish (+) [58]
82] Straight/Curve dribbling: Time needed to finish (++)
+ Serving: Coach evaluation of execution (++) [64, 65, [27, 58]
82] *  Slalom dribbling: Time needed to finish (+) [58]
+ Setting: Coach evaluation of execution (++) [64, 65, « Throwing:
82] + Number of successful throws at a target
* Passing: Coach evaluation of execution (++) [64, 65, (+) [27]
82] + Maximum distance in distance throwing
(+)[27]

* Passing:
* Final score in (target) passes (+++) [50, 63,
70, 77, 88, 89, 96]

+ Kinematic analyis (++):
+ Start velocity, Approach velocity, Pull-out
* Time needed for specific passing task (+++) velocity, Turn velocity, Finish velocity,
(46, 47, 48, 49, 97] Stroke rate, Stroke length, Swimming index
* Loughborough Soccer Passing Test (++) [83]
(43,70, 72] + Gliding, AA cycle, Distance per stroke, Craw!
* Goalkeeping: S-Keeper, LS-Keeper (+) [80] stroke cycle, Time for 25, 50, 800 m [74]

Fig.2 Overview of assessment methods included in the 59 studies; arranged by method type, method set-up, the different sports and the sport-

specific technical skill assessed

‘technique-related’ and ‘outcome-related” method types.
They compared players from competence centers of the Ger-
man Football Association (Deutscher Fu3ball Bund, DFB)
with youth academy players from professional clubs expect-
ing the latter to perform better. This was confirmed through
significant results on tests of dribbling (‘outcome related’;
Cohen’s d=0.59-0.74) and juggling (‘outcome related’;
Cohen’s d=0.46-0.90) with ball control (‘outcome related’;
Cohen’s d=0.38-0.67) and shooting (‘technique related’;
Cohen’s d=0.08-0.34) skills showing smaller effects [46].
In another study of elite male youth soccer players, techni-
cal skills were collected following an ‘outcome-related’ and
‘competition’ method approach using notation analysis [84].
Analyzing the data with multilevel Poisson models, they
found players retained by an academy performed more drib-
bles and retained defenders performed more tackles/blocks/
interceptions compared to released players and defenders,
respectively [84]. Other skills such as successful passes, on-
target shots, crosses and clearances did not differ by playing
status [84]. It is important to note that the authors consid-
ered the players’ position to account for position-specific
factors in their analysis and interpretation. In summary,
the presented studies found sport-specific technical skills
to be helpful in discriminating between groups of differ-
ent skill/performance levels using various methodological
approaches for data acquisition and analysis.

The four studies finding no discriminatory and/or explan-
atory value for the assessment of sport-specific technical
skills followed different method type and set-up combina-
tions in different sports. Thus, there is no clear tendency for
a specific method type and set-up combination to be infe-
rior. In their discussion, Di Cagno et al. [59] state that the
high skill level in both groups (elite and sub-elite) probably
led to similar results in the technical skills assessment in
rhythmic gymnastics. Similarly, the homogeneity between
groups probably also led to non-significant results compar-
ing starters and non-starters in soccer [77] and in volleyball
[73]. Furthermore, Waldron et al. [90] discussed their find-
ings in the light of a small sample size (only one squad)
and restricting the technical skills assessed to tackling and
carrying skills while neglecting other crucial factors (e.g.,
passing, kicking). In summary, those authors emphasize
the importance of population or sample as well as skill and
method selection.

3.5 Predictive Value of Technical Skills Assessment

In addition to the discriminating and explaining approaches
above, two studies used a (quasi)-longitudinal approach to
predict future swimming performance (e.g., in 1 year) with
the help of neural networks and artificial intelligence proce-
dures to compare these predictions with the reality (in this
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example, 1 year later) [74, 85]. For example, sport-specific
technical skills predicted future 50-m (absolute error values
of 20.39 s for n=30) and 800-m (absolute error values of
4:11.96 s for n=30) performances in swimming [74].

4 Discussion

The aim of this systematic review was to provide an over-
view of studies assessing sport-specific technical skills and
the specific methods/instruments that have been used for
assessment, as well as to discuss these findings in the context
of TID research. The assessment methods generally followed
an ’outcome-related” method type within an ’experimental’
method set-up. Most importantly, almost all studies found a
discriminatory, explanatory and/or predictive value for the
technical skill(s) being assessed. Notably, TID research has
largely focused on cross-sectional study designs assessing
male samples in soccer in European countries.

4.1 Assessment Methods for Technical Skills

In this review, we established the two categories of method
type and method set-up for the classification of different
assessments. Our results showed the studies focused on
‘outcome-related’ method types and ‘experimental’ method
set-ups, highlighting the outcome-focus and limited eco-
logical validity and task representativeness of common
assessment methods [25, 99]. Here, rarely used assessment
methods incorporating ‘technique-related’ method types
(e.g., biomechanical movement analysis) and/or ‘competi-
tion’ method set-ups (e.g. competition performance data)
may offer possibilities; that said, the combination of both
(i.e. biomechanical assessments in performance contexts)
appears methodologically challenging. The potential of these
methods is discussed in greater depth in Sect. 4.5.

4.2 Discriminatory and Predictive Value of Technical
Skills

Almost all studies included in this review found technical
skills to be helpful when discriminating players from differ-
ent skill/performance levels, explaining past performance
or when predicting future performance. While this fact, on
the one hand, emphasizes the crucial role of sport-specific
technical skills in performance and talent, on the other hand,
these results may have been affected by a publication bias.
That is, there is a significant chance of studies assessing
technical skills and finding no positive value for TID not
being published (e.g., either due to bias on the part of the
journal or the authors to publish null findings) [100]. This
then leads to a biased interpretation of the overall field of
available research. However, as presented and discussed

above, we believe that sport-specific technical skills and
their assessment have great potential, especially given the
broad range of not-yet-employed assessment methods.

4.3 Study Quality

The overall quality of studies included in this review was
‘moderate’ to ‘high’. If there were limitations, they were
generally related to the methods, results and discussion. That
is, some studies lacked crucial information on their sample
(e.g., year the study was conducted or participants’ sex),
gave no information on effect sizes and/or did not provide a
sufficient discussion of their studies’ limitations or their find-
ings’ generalizability. Although the overall quality was fairly
high, these limitations reduce the studies’ validity to some
degree. In addition to providing all necessary information,
future studies should discuss the limitations and potential
flaws in their work before debating the findings’ transfer-
ability to other contexts.

4.4 Need for More Diverse Research

The descriptive results on the analyzed samples emphasized
the need for more diverse research in TID as previously
noted by Johnston et al. [17]. In particular, this relates to a
greater diversity of sports, countries and sex/gender.

More than half of the studies (54%) analyzed samples
in soccer, while only three other sports were investigated
more than twice (7 X Australian Football, 4 X volleyball and
3 x swimming). The breadth and depth of work in soccer
is not surprising as previous research and reviews have pro-
vided overviews on assessment methods in soccer (e.g. [101,
102]); however, the lack of research exploring technical
skills in other sports was somewhat surprising. In addition,
most of the studies in this review (64%) were conducted on
samples from European nations, while the remaining stud-
ies included participants from Australia (19%), Brazil (7%),
Israel (5%), Malaysia (2%) and the USA (2%). Furthermore,
there was a clear over-representation of samples with male
(64%) compared to studies including female participants
(19%). This is noteworthy given the unique developmental
and performance-related constraints of many female sports.
Additionally, only two studies investigated athletes younger
than 10 years of age, with the rest focusing on athletes
between 10 and 18 years of age, which highlights the lack of
knowledge in samples under the age of 10 years, despite the
prevalence of TID activities (especially talent selection) in
this age group. Collectively, the lack of information in many
contexts (females, sports other than soccer, countries outside
Europe, etc.), the often unique performance contexts across
different sports, and the high investment in the field of TID
in many countries, emphasize the importance of increased
and more diverse research.



1606

T. Koopmann et al.

4.5 Future Directions

Our results show there are only a few studies assessing sport-
specific technical skills based on ‘technique-related’” method
types and/or ‘competition’ method set-ups. In the future,
biomechanical motion analysis and competition performance
data could help to explore these assessment methods’ great
potential.

4.5.1 Biomechanical Motion Analysis

Glazier [25] suggests that sports biomechanics—with its
valid and reliable electromyographic, kinematic and kinetic
data—could make valuable contributions to TID by advanc-
ing a more process-focused approach to gain a better under-
standing of the underlying patterns of coordination and
control (i.e., technical skills) in more ecologically valid,
sport-specific situations. He emphasizes the crucial roles of
both control (i.e., absolute motion of a single body segment)
and coordination (i.e., relative motion of body segments)
in the execution and the analysis of movements. Here, for
example, time-discrete kinematic variables (e.g., description
of arm motion) could be used to identify associations with
outcome variables (e.g., ball speed).

The potential of these methods increases further with the
rise of innovative and steadily improving data collection
and analysis tools. These types of technological advances
will help to reduce the high organizational efforts of motion
analysis. Camera systems with image recognition technol-
ogy, markerless motion analysis systems or inertial measure-
ment units (IMUs) are examples of improving technology
tools for motion analysis that allow for more representative
and ‘technique-related’ assessments with minimal athlete
disruption. In addition to improvements and innovations in
data collection tools, the fields of data processing and data
analysis are evolving quickly (e.g., self-organizing maps,
neural networks), enabling new ideas and approaches.

In one of the few studies following this approach, Zago
et al. [103] examined dribbling skills in sub-elite players in
soccer by conducting a 3D motion analysis during a slalom
dribbling test. Afterwards, the data from this ‘technique-
related’ method type were used to determine kinematic vari-
ables and cycle parameters. The researchers found differ-
ences between players with slower and faster dribbling test
times for the foot-ball cadence, the mediolateral and verti-
cal center of mass range of motion, the right stride cadence
as well as the hip and the knee flexion range of motions.
Although this study was not conducted in elite athletes and
only tried to discriminate between dribbling test times and
not overall skill/performance levels, the methodological
approach illustrates the benefits and potential of ‘technique-
related’ method types.

Sport-specific technical skills and their assessment as
they relate to performance and talent evaluation eventually
require some discussion of the need for a clear definition of
an optimal or excellent technique for a given task. While
this appears to be easier for constrained and closed move-
ments (e.g., in gymnastics, cycling or rowing), it is harder to
establish for open movements with many degrees of freedom
(e.g., in basketball, soccer or baseball) [25], because in the
latter, different control and coordination patterns can pro-
duce the same outcome parameters leading to the same result
(e.g., two different shooting motions leading to the same ball
trajectory and the same result in basketball). Furthermore,
these ‘movement solutions’ (i.e., differing movements that
lead to the same successful outcome) might be affected by
individual organismic (e.g., anatomical) differences such as
those are influenced by maturation and growth processes
which end up altering technique due to changes in the body’s
biomechanical limits (e.g., lever arms, moment of inertia and
strength capacities) [104]. Thus, Glazier [25] emphasizes
the need for “athlete-specific optimal techniques for differ-
ent sports” [25] while at the same time stating this to be
impossible at present. Here, although not issue free in both
the modeling itself [105] and the following application (e.g.,
‘intrinsic dynamics’ [104]), theoretical approaches such as
computer simulation modeling [106] could at some point in
time allow for more athlete-based approaches [107, 108].

However, linking important outcome parameters (e.g.,
ball rotation, ball speed, and ball launch angle in basketball
throwing) to specific motion variables and investigating their
relationships could already help, particularly with talent and
technique development activities [25]. Furthermore, biome-
chanical assessment of technical skills in an ‘experimental’
method set-up could be connected with research on percep-
tion (e.g., quiet eye via eye tracking), as previous research
has suggested that perception plays an important role in
the execution of technical skills (e.g., advanced cues) [109,
110]; its inclusion would certainly increase the method’s
ecological validity and representativeness.

In summary, despite a host of unique challenges, biome-
chanical motion analysis data could be used to deepen and
extend relationships between sport-specific technical skills
and performance. In addition, once developed and validated,
these methods could be used for the evaluation of other,
in terms of organization and data processing demands, less
effortful (‘outcome related’) assessment methods (e.g., ques-
tionnaires or observation sheets).

4.5.2 Competition Performance Data

Another promising avenue for information on sport-spe-
cific technical skills is competition performance data (e.g.,
goals scored or successful passes). In many sports, quantifi-
able statistics from notational analyses [111] and activity
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profiling are commonly used as part of performance analyt-
ics, but are rarely used in TID. The few studies analyzing
sport-specific technical skills with competition performance
data (i.e., applying an ‘outcome-related’ method type and a
‘competition’ method set-up) found contested possessions/
marks and inside 50s to be associated with better draft selec-
tion in Australian Football [92, 94]; while, number of drib-
bles or tackles/blocks/interceptions, dribbling speed and
(un-)successful ball retentions were able to discriminate
elite from sub-elite or selected from unselected players in
soccer [84, 89]. Accordingly, assessing sport-specific tech-
nical skills quantitatively during competition seems to be a
valuable and highly ecologically valid approach. However,
these studies also noted that their data are affected by growth
and maturity processes as less mature rugby players were not
selected despite performing higher volumes of high-intensity
running [90]. Although volumes of high-intensity running
are not considered technical skills, the latter are probably
also affected by maturity and relative age effects. Accord-
ingly, early maturing soccer players performed higher num-
bers of tackles/blocks/interceptions [84]. As the understand-
ing of the underlying relationships is limited to date, further
research should examine a range of variables across different
sports and their connection to talent and performance. Here,
quantitative data could be combined with qualitative data
(e.g., interviews targeting important variables/factors) to
complete the profile using a mixed methods approach. Fur-
thermore, learning from sports that utilize judging systems
to evaluate the quality of technical skills (e.g., figure skating
or artistic gymnastics) may be worthwhile as they feature
‘technique-related’ and/or ‘outcome-related’ method type
in combination with a ‘competition’ method set-up.

Studies using competition performance data suggest some
potential for improving our understanding of TID and the
methods used for identification and selection. The discrim-
inatory and predictive value of these data increases even
more given the growing variety of analytical methods and
computing power in combination with the development of
new technical and tactical game performance statistics [112].

4.6 Limitations

Despite the intriguing findings summarized above, there
were some limitations to our systematic review. First,
restricting our search to only English articles in five data-
bases probably led to missing articles and knowledge pub-
lished in other languages. Accordingly, future studies could
complement our findings by integrating searches and articles
in other languages. Second, our findings are likely influ-
enced by an already discussed (see Sect. 4.2) publication
bias towards positive results. As future studies should try to
combine data for meta-analyses, a statistical evaluation of
the publication bias should be included. Third, there might

be reliable and valid assessment methods for technical skills
in practice, but no studies checked for their scientific and
practical value in TID so far and thus, they were not inte-
grated into our review. Fourth, our approach to assess eco-
logical validity via the method set-up as ’experimental’ or
’competition’ is rather simplistic and is meant to be only a
first step in the direction of this classification. Future studies
should apply a more differentiated system and consider eval-
uating the reciprocal effects of ecological validity and con-
trolling variables in an experimental set-up. Fifth, despite
most sports conducting their TID activities before adult-
hood, restricting our search to studies of samples younger
or equal to 18 years of age may have neglected sports with
a higher age of peak performance. Future research should
consider this age of peak performance for certain sports.
Sixth, looking at the distribution of sports assessed in the
included articles, there is a range of sports with very differ-
ent performance and skill requirements as represented by
team-ball-sports like Australian Football, racquet sports like
tennis or individual sports like swimming. In addition, the
representation of various sports shows a significant skew
towards soccer with minimal coverage of other sports. Thus,
the results of the present review are most valid for TID in
soccer and should be generalized and transferred to other
sports with caution. However, given the similarly crucial
role of sport-specific technical skills in many sports, this
generalization and transfer appears legitimate at least for
proposing hypotheses that need to be tested. Based on this
review, analysis of sport-specific technical skills using ‘tech-
nique-related’ biomechanical assessment methods and per-
formance data seems to be a promising direction for future
research to add to the existing knowledge base.

5 Conclusions

Our results emphasize that the assessment of sport-specific
technical skills is an integral part of comprehensive, multi-
dimensional and longitudinal approaches within TID con-
texts. Accordingly, they should be investigated to further
extend existing approaches and develop new tools for the
‘technique-related’ assessment of sport-specific technical
skills, particularly given the advancements in technologies
associated with sports biomechanics and match analysis.
Furthermore, following a ‘competition’ method set-up,
the application of competition performance data should be
expanded in the context of TID. In addition, the combina-
tion of assessment methods seems to offer a useful and more
ecologically valid source of information for TID. Collec-
tively, this research will be useful for both scientists develop-
ing new TID tools and coaches in the practice of TID as it
improves our understanding of the value of technical skills
across the athlete pathway, thereby improving the quality of
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TID decision-making, and ultimately leading to better sport
performances.

Acknowledgements Open Access funding was provided by Projekt
DEAL.

Author Contributions All authors contributed to the study conception
and design. The literature search and data collection were performed
by Till Koopmann. The data analysis was performed by Till Koopmann
and Irene Faber. The first draft of the manuscript was written by Till
Koopmann and all authors critically revised and commented on pre-
vious versions of the manuscript. All authors read and approved the
final manuscript.

Data Availability The datasets generated and/or analyzed during the
current review are available from the corresponding author on reason-
able request.

Compliance with Ethical Standards

Funding No sources of funding were used to assist in the preparation
of this article. Open Access funding was provided by the Carl von
Ossietzky University Oldenburg, Germany, within Projekt DEAL.

Conflict of interest Till Koopmann, Irene Faber, Joseph Baker, and
Jorg Schorer declare that they have no conflicts of interest relevant to
the content of this review.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Vaeyens R, Giillich A, Warr CR, Philippaerts R. Talent identifi-
cation and promotion programmes of Olympic athletes. J Sports
Sci. 2009;27(13):1367-80.

2. Ericsson KA, Krampe RT, Tesch-Romer C. The role of deliberate
practice in the acquisition of expert performance. Psychol Rev.
1993;100(3):363.

3. Baker J, Young B. 20 years later: deliberate practice and the
development of expertise in sport. Int Rev Sport Exerc Psychol.
2014;7(1):135-57.

4. Watanabe D, Savion-Lemieux T, Penhune VB. The effect of early
musical training on adult motor performance: evidence for a sen-
sitive period in motor learning. Exp Brain Res. 2007;176(2):332—
40. https://doi.org/10.1007/300221-006-0619-z.

5. Knudsen EI. Sensitive periods in the development of the brain
and behavior. J Cogn Neurosci. 2004;16(8):1412-25.

6. Anderson DI, Magill RA, Thouvarecq R. 12 Critical periods,
sensitive periods, and readiness for motor skill learning. Skill

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

acquisition in sport: research, theory and practice, vol. 211. New
York: Routledge; 2012.

Vaeyens R, Lenoir M, Williams AM, Philippaerts RM. Talent
identification and development programmes in sport. Sports
Med. 2008;38(9):703-14. https://doi.org/10.2165/00007256-
200838090-00001.

Abbott A, Collins D. A theoretical and empirical analysis of
a ‘state of the art’ talent identification model. High Abil Stud.
2002;13(2):157-78.

Koz D, Fraser-Thomas J, Baker J. Accuracy of professional sports
drafts in predicting career potential. Scand J Med Sci Sports.
2012;22(4):e64-9.

Schorer J, Rienhoff R, Fischer L, Baker J. Long-term prognostic
validity of talent selections: comparing national and regional
coaches, laypersons and novices. Front Psychol. 2017. https://
doi.org/10.3389/fpsyg.2017.01146.

Gagné F. Motivation within the DMGT 2.0 framework. High Abil
Stud. 2010;21(2):81-99.

Baker J, Wattie N, Schorer J. A proposed conceptualization of
talent in sport: the first step in a long and winding road. Psychol
Sport Exerc. 2019;43:27-33. https://doi.org/10.1016/j.psychsport
.2018.12.016.

Elferink-Gemser MT, Jordet G, Coelho-E-Silva MJ, Visscher C.
The marvels of elite sports: how to get there? Br J Sports Med.
2011;45(9):683—4. https://doi.org/10.1136/bjsports-2011-09025
4.

Phillips E, Davids K, Renshaw I, Portus M. Expert performance
in sport and the dynamics of talent development. Sports Med.
2010;40(4):271-83. https://doi.org/10.2165/11319430-00000
0000-00000.

Gagné F. Transforming gifts into talents: the DMGT as a devel-
opmental theory. High Abil Stud. 2004;15(2):119-47.

Faber IR. The talent quest—comment on Baker & Wattie. Curr
Issues Sport Sci. 2019. https://doi.org/10.15203/CISS_2019.103.
Johnston K, Wattie N, Schorer J, Baker J. Talent identification
in sport: a systematic review. Sports Med. 2018;48(1):97-109.
https://doi.org/10.1007/s40279-017-0803-2.

Faber IR, Bustin PM, Oosterveld FG, Elferink-Gemser MT,
Nijhuis-Van der Sanden MW. Assessing personal talent deter-
minants in young racquet sport players: a systematic review. J
Sports Sci. 2016;34(5):395-410. https://doi.org/10.1080/02640
414.2015.1061201.

Pearson D, Naughton GA, Torode M. Predictability of physi-
ological testing and the role of maturation in talent identification
for adolescent team sports. J Sci Med Sport. 2006;9(4):277-87.
Silva CE, Carvalho HM, Gongalves CE, Figueiredo AJ, Elferink-
Gemser MT, Philippaerts RM, et al. Growth, maturation, func-
tional capacities and sport-specific skills in 12—13 year-old-bas-
ketball players. J Sports Med Phys Fitness. 2010;50(2):174-81.
Malina RM, Cumming SP, Morano PJ, Barron M, Miller SJ.
Maturity status of youth football players: a noninvasive estimate.
Med Sci Sports Exerc. 2005;37(6):1044-52.

Wilson RS, James RS, David G, Hermann E, Morgan OJ, Nie-
haus AC, et al. Multivariate analyses of individual variation
in soccer skill as a tool for talent identification and develop-
ment: utilising evolutionary theory in sports science. J Sports
Sci. 2016;34(21):2074-86. https://doi.org/10.1080/02640
414.2016.1151544.

Wilson RS, Smith NM, Ramos SdP, Giuliano Caetano F, Apare-
cido Rinaldo M, Santiago PRP, et al. Dribbling speed along
curved paths predicts attacking performance in match-realistic
one vs. one soccer games. J Sports Sci. 2019;37(9):1072-9.
Wilson RS, David GK, Murphy SC, Angilletta MJ Jr, Niehaus
AC, Hunter AH, et al. Skill not athleticism predicts individual
variation in match performance of soccer players. Proc R Soc B
Biol Sci. 1868;2017(284):20170953.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00221-006-0619-z
https://doi.org/10.2165/00007256-200838090-00001
https://doi.org/10.2165/00007256-200838090-00001
https://doi.org/10.3389/fpsyg.2017.01146
https://doi.org/10.3389/fpsyg.2017.01146
https://doi.org/10.1016/j.psychsport.2018.12.016
https://doi.org/10.1016/j.psychsport.2018.12.016
https://doi.org/10.1136/bjsports-2011-090254
https://doi.org/10.1136/bjsports-2011-090254
https://doi.org/10.2165/11319430-000000000-00000
https://doi.org/10.2165/11319430-000000000-00000
https://doi.org/10.15203/CISS_2019.103
https://doi.org/10.1007/s40279-017-0803-2
https://doi.org/10.1080/02640414.2015.1061201
https://doi.org/10.1080/02640414.2015.1061201
https://doi.org/10.1080/02640414.2016.1151544
https://doi.org/10.1080/02640414.2016.1151544

Technical Skills in Talented Youth Athletes

1609

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Glazier PS. Could sports biomechanics provide the missing
pieces to the talent identification and development puzzle? In:
Cobley S, Schorer J, Wattie N, Baker J, editors. The Routledge
handbook of talent identification and development in sport. New
York: Taylor & Francis; 2017.

Elferink-Gemser MT, Visscher C, Lemmink KA, Mulder T.
Multidimensional performance characteristics and standard
of performance in talented youth field hockey players: a lon-
gitudinal study. J Sports Sci. 2007;25(4):481-9. https://doi.
org/10.1080/02640410600719945.

Falk B, Lidor R, Lander Y, Lang B. Talent identification and
early development of elite water-polo players: a 2-year follow-up
study. J Sports Sci. 2004;22(4):347-55.

Huijgen BC, Elferink-Gemser MT, Lemmink KA, Visscher C.
Multidimensional performance characteristics in selected and
deselected talented soccer players. Eur J Sport Sci. 2014;14(1):2—
10. https://doi.org/10.1080/17461391.2012.725102.

Lidor R, Falk B, Arnon M, Cohen Y, Segal G, Lander Y. Meas-
urement of talent in team handball: the questionable use of motor
and physical tests. J Strength Cond Res. 2005;19(2):318-25.
https://doi.org/10.1519/1533-4287(2005)19.

Kannekens R, Elferink-Gemser MT, Visscher C. Positioning and
deciding: key factors for talent development in soccer. Scand
J Med Sci Sports. 2011;21(6):846-52. https://doi.org/10.111
1/1.1600-0838.2010.01104 ..

Wang M, Liu Y, Chen C. Techniques and tactics analysis related
to personality in table tennis doubles. In: Proceedings 13th ITTF
Sports Science Congress 2013. p. 154-8.

Elferink-Gemser MT, Te Wierike S, Visscher C. The acquisi-
tion and maintenance of expertise. Multidisciplinary, longitudi-
nal studies: a perspective from the field of sports. In: Ericsson
KA, Hoffman R, Kozbelt A, Williams M, editors. Cambridge
handbook of expertise. Cambridge: Cambridge University Press;
2018. p. 271-90.

Den Hartigh RJR, Niessen ASM, Frencken WGP, Meijer RR.
Selection procedures in sports: improving predictions of athletes’
future performance. Eur J Sport Sci. 2018;18:1191-8.

Lidor R, Cote J, Hackfort D. ISSP position stand: To test or not
to test? The use of physical skill tests in talent detection and in
early phases of sport development. Int J Sport Exerc Psychol.
2009;7(2):131-46.

Lees A. Technique analysis in sports: a critical review. J Sports
Sci. 2002;20(10):813-28.

Knutzen KM, Martin LA. Using biomechanics to explore chil-
dren’s movement. Pediatr Exerc Sci. 2002;14(3):222-47.
Moher D, Liberati A, Tetzlaff J, Altman DG, Group at P. Pre-
ferred reporting items for systematic reviews and meta-analyses:
the PRISMA statement. Ann Intern Med. 2009;151(4):264-9.
https://doi.org/10.7326/0003-4819-151-4-200908180-00135.
von Elm E, Altman DG, Egger M, Pocock SJ, Ggtzsche PC, Van-
denbroucke JP. The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) Statement: guidelines for
reporting observational studies. Int J Surg. 2014;12(12):1495-9.
https://doi.org/10.1016/j.ijsu.2014.07.013.

Smith KL, Weir PL, Till K, Romann M, Cobley S. Relative age
effects across and within female sport contexts: a systematic
review and meta-analysis. Sports Med. 2018;48(6):1451-78.
https://doi.org/10.1007/s40279-018-0890-8.

Nguyen JVK, Brennan JH, Mitra B, Willmott C. Frequency and
magnitude of game-related head impacts in male contact sports
athletes: a systematic review and meta-analysis. Sports Med.
2019. https://doi.org/10.1007/s40279-019-01135-4.

King D, Hume P, Cummins C, Pearce A, Clark T, Foskett A,
et al. Match and training injuries in women’s rugby union: a
systematic review of published studies. Sports Med. 2019. https
://doi.org/10.1007/540279-019-01151-4.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Downs SH, Black N. The feasibility of creating a checklist for the
assessment of the methodological quality both of randomised and
non-randomised studies of health care interventions. J Epidemiol
Commun Health. 1998;52(6):377-84.

Huijgen BCH, Elferink-Gemser MT, Ali A, Visscher C. Soc-
cer skill development in talented players. Int J Sports Med.
2013;34(8):720-6. https://doi.org/10.1055/s-0032-1323781.
Archer DT, Drysdale K, Bradley EJ. Differentiating technical
skill and motor abilities in selected and non-selected 3—5 year
old team-sports players. Hum Mov Sci. 2016;47:81-7.

French KE, Spurgeon JH, Nevett ME. Expert-novice differences
in cognitive and skill execution components of youth baseball
performance. Res Q Exerc Sport. 1995;66(3):194-201.

Honer O, Votteler A, Schmid M, Schultz F, Roth K. Psychomet-
ric properties of the motor diagnostics in the German football
talent identification and development programme. J Sports Sci.
2015;33(2):145-59.

Honer O, Leyhr D, Kelava A. The influence of speed abilities
and technical skills in early adolescence on adult success in
soccer: A long-term prospective analysis using ANOVA and
SEM approaches. PLoS One. 2017;12(8):e0182211. https://doi.
org/10.1371/journal.pone.0182211.

Honer O, Votteler A. Prognostic relevance of motor talent pre-
dictors in early adolescence: A group- and individual-based
evaluation considering different levels of achievement in
youth football. J Sports Sci. 2016;34(24):2269-78. https://doi.
org/10.1080/02640414.2016.1177658.

Leyhr D, Kelava A, Raabe J, Honer O. Longitudinal motor per-
formance development in early adolescence and its relationship
to adult success: an 8-year prospective study of highly talented
soccer players. PLoS One. 2018;13(5):e0196324. https://doi.
org/10.1371/journal.pone.0196324.

Abdullah M, Maliki A, Musa R, Kosni N, Juahir H. Intelligent
prediction of soccer technical skill on youth soccer player’s
relative performance using multivariate analysis and artificial
neural network techniques. Int J Adv Sci Eng Inf Technol.
2016;6(5):668-74.

Aquino R, Alves IS, Padilha MB, Casanova F, Puggina EF, Maia
J. Multivariate profiles of selected versus non-selected elite youth
Brazilian soccer players. ] Hum Kinet. 2017;60(1):113-21. https
://doi.org/10.1515/hukin-2017-0094.

Baiget E, Iglesias X, Rodriguez F. Aerobic fitness and technical
efficiency at high intensity discriminate between elite and sub-
elite tennis players. Int J Sports Med. 2016;37(11):848-54.
Bekris E, Gissis I, Ispyrlidis I, Mylonis E, Axeti G. Combined
visual and dribbling performance in young soccer players of dif-
ferent expertise. Res Sports Med. 2018;26(1):43-50.

Bennett KJ, Novak AR, Pluss MA, Stevens CJ, Coutts AJ,
Fransen J. The use of small-sided games to assess skill profi-
ciency in youth soccer players: a talent identification tool. Sci
Med Footb. 2018;2(3):231-6.

Cripps AJ, Joyce C, Woods CT, Hopper LS. Biological matu-
rity and the anthropometric, physical and technical assessment
of talent identified U16 Australian footballers. Int J Sports Sci
Coaching. 2017;12(3):344-50. https://doi.org/10.1177/17479
54117710507.

Dardouri W, Selmi MA, Sassi RH, Gharbi Z, Rebhi A, Moalla
W. Reliability and discriminative power of soccer-specific
field tests and skill index in young soccer players. Sci Sports.
2014;29(2):88-94.

Deprez DN, Fransen J, Lenoir M, Philippaerts RM, Vaeyens R.
A retrospective study on anthropometrical, physical fitness, and
motor coordination characteristics that influence dropout, con-
tract status, and first-team playing time in high-level soccer play-
ers aged 818 years. J Strength Cond Res. 2015;29(6):1692-704.
https://doi.org/10.1519/JSC.0000000000000806.


https://doi.org/10.1080/02640410600719945
https://doi.org/10.1080/02640410600719945
https://doi.org/10.1080/17461391.2012.725102
https://doi.org/10.1519/1533-4287(2005)19
https://doi.org/10.1111/j.1600-0838.2010.01104.x
https://doi.org/10.1111/j.1600-0838.2010.01104.x
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.1016/j.ijsu.2014.07.013
https://doi.org/10.1007/s40279-018-0890-8
https://doi.org/10.1007/s40279-019-01135-4
https://doi.org/10.1007/s40279-019-01151-4
https://doi.org/10.1007/s40279-019-01151-4
https://doi.org/10.1055/s-0032-1323781
https://doi.org/10.1371/journal.pone.0182211
https://doi.org/10.1371/journal.pone.0182211
https://doi.org/10.1080/02640414.2016.1177658
https://doi.org/10.1080/02640414.2016.1177658
https://doi.org/10.1371/journal.pone.0196324
https://doi.org/10.1371/journal.pone.0196324
https://doi.org/10.1515/hukin-2017-0094
https://doi.org/10.1515/hukin-2017-0094
https://doi.org/10.1177/1747954117710507
https://doi.org/10.1177/1747954117710507
https://doi.org/10.1519/JSC.0000000000000806

1610

T. Koopmann et al.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

D’Ercole AA, D’Ercole C, Gobbi M, Gobbi F. Technical, percep-
tual and motor skills in novice-expert water polo players: an indi-
vidual discriminant analysis for talent development. J Strength
Cond Res. 2013;27(12):3436—-44. https://doi.org/10.1519/
JSC.0b013e318298d48f.

Di Cagno A, Baldari C, Battaglia C, Brasili P, Merni F, Piazza
M, et al. Leaping ability and body composition in rhythmic
gymnasts for talent identification. J Sports Med Phys Fitness.
2008;48(3):341-6.

Di Cagno A, Battaglia C, Fiorilli G, Piazza M, Giombini A, Fag-
nani F, et al. Motor learning as young gymnast’s talent indicator.
J Sports Sci Med. 2014;13(4):767-73.

Elferink-Gemser MT, Visscher C, Lemmink KAPM, Mulder
TW. Relation between multidimensional performance charac-
teristics and level of performance in talented youth field hockey
players. J Sports Sci. 2004;22(11-12):1053-63. https://doi.
org/10.1080/02640410410001729991.

Fenner JS, Iga J, Unnithan V. The evaluation of small-sided
games as a talent identification tool in highly trained prepubertal
soccer players. J Sports Sci. 2016;34(20):1983-90. https://doi.
0rg/10.1080/02640414.2016.1149602.

Figueiredo AJ, Goncalves CE, Coelho ESMJ, Malina RM.
Characteristics of youth soccer players who drop out, per-
sist or move up. J Sports Sci. 2009;27(9):883-91. https://doi.
org/10.1080/02640410902946469.

Gabbett T, Georgieft B. The development of a standardized skill
assessment for junior volleyball players. Int J Sports Physiol Per-
form. 2006;1(2):95-107. https://doi.org/10.1123/ijspp.1.2.95.
Gabbett T, Georgieff B, Domrow N. The use of physiological,
anthropometric, and skill data to predict selection in a talent-iden-
tified junior volleyball squad. J Sports Sci. 2007;25(12):1337—44.
https://doi.org/10.1080/02640410601188777.

Guimaraes E, Baxter-Jones A, Maia J, Fonseca P, Santos A, San-
tos E, et al. The roles of growth, maturation, physical fitness,
and technical skills on selection for a Portuguese under-14 years
basketball team. Sports. 2019;7(3):61.

Hendry DT, Williams AM, Hodges NJ. Coach ratings of skills
and their relations to practice, play and successful transitions
from youth-elite to adult-professional status in soccer. J Sports
Sci. 2018;36(17):2009-17. https://doi.org/10.1080/02640
414.2018.1432236.

Hoéner O, Raabe J, Murr D, Leyhr D. Prognostic relevance of
motor tests in elite girls’ soccer: a 5-year prospective cohort
study within the German talent promotion program. Sci Med
Footb. 2019:1-10.

Huijgen BC, Elferink-Gemser MT, Post WIJ, Visscher C. Soc-
cer skill development in professionals. Int J Sports Med.
2009;30(8):585-91. https://doi.org/10.1055/s-0029-1202354.
Keller BS, Raynor AJ, Bruce L, Iredale F. Technical attributes of
Australian youth soccer players: implications for talent identifica-
tion. Int J Sports Sci Coaching. 2016;11(6):819-24. https://doi.
org/10.1177/1747954116676108.

Kolman N, Huijgen B, Kramer T, Elferink-Gemser M, Visscher
C. The Dutch Technical-Tactical Tennis Test (D4T) for talent
identification and development: Psychometric characteristics. J
Hum Kinet. 2017;55(1):127-38. https://doi.org/10.1515/hukin
-2017-0012.

Le Moal E, Rué O, Ajmol A, Abderrahman AB, Hammami
MA, Ounis OB, et al. Validation of the Loughborough Soc-
cer Passing Test in young soccer players. J Strength Cond Res.
2014;28(5):1418-26. https://doi.org/10.1519/js¢.0000000000
000296.

Lidor R, Hershko Y, Bilkevitz A, Arnon M, Falk B. Measurement
of talent in volleyball: 15-month follow-up of elite adolescent
players. J Sports Med Phys Fitness. 2007;47(2):159.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Maszczyk A, Roczniok R, Czuba M, Zajac A, Waskiewicz Z,
Mikotajec K, et al. Application of regression and neural mod-
els to predict competitive swimming performance. Percept Mot
Skills. 2012;114(2):610-26. https://doi.org/10.2466/05.10.
Pms.114.2.610-626.

Naisidou S, Kepesidou M, Kontostergiou M, Zapartidis I. Differ-
ences of physical abilities between successful and less successful
young female athletes. J Phys Educ Sport. 2017;17(1):294-9.
https://doi.org/10.7752/jpes.2017.01044.

Rada A, Kuvaci¢ G, De Giorgio A, Sellami M, Ardigo LP, Braga-
zzi NL, et al. The ball kicking speed: a new, efficient performance
indicator in youth soccer. PLoS One. 2019;14(5):¢0217101.

Re AHN, Cattuzzo MT, Santos FMC, Monteiro CBM. Anthropo-
metric characteristics, field test scores and match-related techni-
cal performance in youth indoor soccer players with different
playing status. Int J Perform Anal Sport. 2014;14(2):482-92.
Re AHN, Correa UC, Bohme MT. Anthropometric character-
istics and motor skills in talent selection and development in
indoor soccer. Percept Mot Skills. 2010;110(3 Pt 1):916-30.
https://doi.org/10.2466/pms.110.3.916-930.

Rebelo A, Brito J, Maia J, Coelho-e-Silva MJ, Figueiredo AJ,
Bangsbo J, et al. Anthropometric characteristics, physical fitness
and technical performance of under-19 soccer players by compet-
itive level and field position. Int J Sports Med. 2013;34(4):312-7.
https://doi.org/10.1055/s-0032-1323729.

Rebelo-Gongalves R, Figueiredo AJ, Coelho-E-Silva MJ, Tessi-
tore A. Assessment of technical skills in young soccer goalkeep-
ers: Reliability and validity of two goalkeeper-specific tests. J
Sports Sci Med. 2016;15(3):516-23.

Reilly T, Williams AM, Nevill A, Franks A. A multidiscipli-
nary approach to talent identification in soccer. J Sports Sci.
2000;18(9):695-702. https://doi.org/10.1080/026404100501200
78.

Rikberg A, Raudsepp L. Multidimensional performance charac-
teristics in talented male youth volleyball players. Pediatr Exerc
Sci. 2011;23(4):537-48. https://doi.org/10.1123/pes.23.4.537.
Saavedra JM, Escalante Y, Rodriguez FA. A multivariate anal-
ysis of performance in young swimmers. Pediatr Exerc Sci.
2010;22(1):135-51. https://doi.org/10.1123/pes.22.1.135.
Saward C, Morris JG, Nevill ME, Sunderland C. The effect
of playing status, maturity status, and playing position on
the development of match skills in elite youth football play-
ers aged 11-18 years: a mixed-longitudinal study. Eur J
Sport Sci. 2019;19(3):315-26. https://doi.org/10.1080/17461
391.2018.1508502.

Silva AJ, Costa AM, Oliveira PM, Reis VM, Saavedra J, Perl J,
et al. The use of neural network technology to model swimming
performance. J Sports Sci Med. 2007;6(1):117-25.

Tangalos C, Robertson SJ, Spittle M, Gastin PB. Predictors of
individual player match performance in junior Australian foot-
ball. Int J Sports Physiol Perform. 2015;10(7):853-9.

Tribolet R, Bennett KIM, Watsford ML, Fransen J. A mul-
tidimensional approach to talent identification and selec-
tion in high-level youth Australian Football players. J Sports
Sci. 2018;36(22):2537-43. https://doi.org/10.1080/02640
414.2018.1468301.

Vaeyens R, Malina RM, Janssens M, Van Renterghem B, Bour-
gois J, Vrijens J, et al. A multidisciplinary selection model for
youth soccer: the Ghent Youth Soccer Project. BrJ Sports Med.
2006;40(11):928-34. https://doi.org/10.1136/bjsm.2006.02965
2 (discussion 34).

Waldron M, Murphy A. A comparison of physical abilities and
match performance characteristics among elite and subelite
under-14 soccer players. Pediatr Exerc Sci. 2013;25(3):423-34.
‘Waldron M, Worsfold PR, Twist C, Lamb K. A three-season com-
parison of match performances among selected and unselected


https://doi.org/10.1519/JSC.0b013e318298d48f
https://doi.org/10.1519/JSC.0b013e318298d48f
https://doi.org/10.1080/02640410410001729991
https://doi.org/10.1080/02640410410001729991
https://doi.org/10.1080/02640414.2016.1149602
https://doi.org/10.1080/02640414.2016.1149602
https://doi.org/10.1080/02640410902946469
https://doi.org/10.1080/02640410902946469
https://doi.org/10.1123/ijspp.1.2.95
https://doi.org/10.1080/02640410601188777
https://doi.org/10.1080/02640414.2018.1432236
https://doi.org/10.1080/02640414.2018.1432236
https://doi.org/10.1055/s-0029-1202354
https://doi.org/10.1177/1747954116676108
https://doi.org/10.1177/1747954116676108
https://doi.org/10.1515/hukin-2017-0012
https://doi.org/10.1515/hukin-2017-0012
https://doi.org/10.1519/jsc.0000000000000296
https://doi.org/10.1519/jsc.0000000000000296
https://doi.org/10.2466/05.10.Pms.114.2.610-626
https://doi.org/10.2466/05.10.Pms.114.2.610-626
https://doi.org/10.7752/jpes.2017.01044
https://doi.org/10.2466/pms.110.3.916-930
https://doi.org/10.1055/s-0032-1323729
https://doi.org/10.1080/02640410050120078
https://doi.org/10.1080/02640410050120078
https://doi.org/10.1123/pes.23.4.537
https://doi.org/10.1123/pes.22.1.135
https://doi.org/10.1080/17461391.2018.1508502
https://doi.org/10.1080/17461391.2018.1508502
https://doi.org/10.1080/02640414.2018.1468301
https://doi.org/10.1080/02640414.2018.1468301
https://doi.org/10.1136/bjsm.2006.029652
https://doi.org/10.1136/bjsm.2006.029652

Technical Skills in Talented Youth Athletes

1611

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

elite youth rugby league players. J Sports Sci. 2014;32(12):1110-
9. https://doi.org/10.1080/02640414.2014.889838.

Wilson RS, Smith NMA, Santiago PRP, Camata T, Ramos
SD, Caetano FG, et al. Predicting the defensive performance
of individual players in one vs. one soccer games. PLoS One.
2018;13(12):98. https://doi.org/10.1371/journal.pone.0209822.
Woods CT, Joyce C, Robertson S. What are talent scouts actu-
ally identifying? Investigating the physical and technical skill
match activity profiles of drafted and non-drafted U18 Austral-
ian footballers. J Sci Med Sport. 2016;19(5):419-23. https://doi.
org/10.1016/j.jsams.2015.04.013.

Woods CT, Raynor AJ, Bruce L, McDonald Z, Robert-
son S. The application of a multi-dimensional assessment
approach to talent identification in Australian football. J Sports
Sci. 2016:;34(14):1340-5. https://doi.org/10.1080/02640
414.2016.1142668.

Woods CT, Veale JP, Collier N, Robertson S. The use of
player physical and technical skill match activity profiles to
predict position in the Australian Football League draft. J
Sports Sci. 2017;35(4):325-30. https://doi.org/10.1080/02640
414.2016.1164334.

Woods TE, Raynor JA, Bruce L, McDonald Z. The use of skill
tests to predict status in junior Australian football. J Sports
Sci. 2015;33(11):1132-40. https://doi.org/10.1080/02640
414.2014.986501.

Zibung M, Zuber C, Conzelmann A. The motor subsystem as a
predictor of success in young football talents: a person-oriented
study. PLoS One. 2016;11(8):e0161049. https://doi.org/10.1371/
journal.pone.0161049.

Zuber C, Zibung M, Conzelmann A. Holistic patterns as an
instrument for predicting the performance of promising young
soccer players—a 3-years longitudinal study. Front Psychol.
2016. https://doi.org/10.3389/fpsyg.2016.01088.

Bartlett R. Introduction to sports biomechanics: analysing human
movement patterns. New York: Routledge; 2014.

Pinder RA, Davids K, Renshaw I, Aradjo D. Representative
learning design and functionality of research and practice in
sport. J Sport Exerc Psychol. 2011;33(1):146-55.

Dwan K, Gamble C, Williamson PR, Kirkham JJ. Systematic
review of the empirical evidence of study publication bias

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

and outcome reporting bias—an updated review. PLoS One.
2013;8(7):e66844.

Ali A. Measuring soccer skill performance: a review. Scand
J Med Sci Sports. 2011;21(2):170-83. https://doi.org/10.111
1/j.1600-0838.2010.01256.x.

Unnithan V, White J, Georgiou A, Iga J, Drust B. Talent identifi-
cation in youth soccer. J Sports Sci. 2012;30(15):1719-26. https
://doi.org/10.1080/02640414.2012.731515.

Zago M, Piovan AG, Annoni I, Ciprandi D, laia FM, Sforza
C. Dribbling determinants in sub-elite youth soccer players. J
Sports Sci. 2016;34(5):411-9. https://doi.org/10.1080/02640
414.2015.1057210.

Kostrubiec V, Fuchs A, Kelso J. Beyond the blank slate: routes
to learning new coordination patterns depend on the intrinsic
dynamics of the learner—experimental evidence and theoretical
model. Front Hum Neurosci. 2012;6:222.

Hicks JL, Uchida TK, Seth A, Rajagopal A, Delp SL. Is my
model good enough? Best practices for verification and valida-
tion of musculoskeletal models and simulations of movement. J
Biomech Eng. 2015;137(2).

Yeadon MR, King MA. Computer simulation modelling in sport.
Biomechanical evaluation of movement in sport and exercise.
New York: Routledge; 2017. p. 221-54.

Glazier PS, Mehdizadeh S. Challenging conventional para-
digms in applied sports biomechanics research. Sports Med.
2019;49(2):171-6.

Glazier PS, Mehdizadeh S. In search of sports biomechanics’
holy grail: can athlete-specific optimum sports techniques be
identified? J Biomech. 2019;94:1-4.

Mann DT, Williams AM, Ward P, Janelle CM. Perceptual-cog-
nitive expertise in sport: a meta-analysis. J Sport Exerc Psychol.
2007;29(4):457-78.

Loffing F, Cafial-Bruland R. Anticipation in sport. Curr Opin
Psychol. 2017;16:6-11.

Hughes M, Franks I. The essentials of performance analysis: an
introduction. New York: Routledge; 2007.

Link D. Data analytics in professional soccer. New York:
Springer; 2018.


https://doi.org/10.1080/02640414.2014.889838
https://doi.org/10.1371/journal.pone.0209822
https://doi.org/10.1016/j.jsams.2015.04.013
https://doi.org/10.1016/j.jsams.2015.04.013
https://doi.org/10.1080/02640414.2016.1142668
https://doi.org/10.1080/02640414.2016.1142668
https://doi.org/10.1080/02640414.2016.1164334
https://doi.org/10.1080/02640414.2016.1164334
https://doi.org/10.1080/02640414.2014.986501
https://doi.org/10.1080/02640414.2014.986501
https://doi.org/10.1371/journal.pone.0161049
https://doi.org/10.1371/journal.pone.0161049
https://doi.org/10.3389/fpsyg.2016.01088
https://doi.org/10.1111/j.1600-0838.2010.01256.x
https://doi.org/10.1111/j.1600-0838.2010.01256.x
https://doi.org/10.1080/02640414.2012.731515
https://doi.org/10.1080/02640414.2012.731515
https://doi.org/10.1080/02640414.2015.1057210
https://doi.org/10.1080/02640414.2015.1057210

	Assessing Technical Skills in Talented Youth Athletes: A Systematic Review
	Abstract
	Background 
	Objective 
	Methods 
	Results 
	Conclusions 

	1 Introduction
	2 Methods
	2.1 Search Design, Inclusion and Exclusion Criteria
	2.2 Quality Check
	2.3 Data Extraction

	3 Results
	3.1 Quality Check
	3.2 Descriptive Results
	3.3 Assessment Methods for Technical Skills
	3.4 Discriminatory Value of Technical Skills Assessment
	3.5 Predictive Value of Technical Skills Assessment

	4 Discussion
	4.1 Assessment Methods for Technical Skills
	4.2 Discriminatory and Predictive Value of Technical Skills
	4.3 Study Quality
	4.4 Need for More Diverse Research
	4.5 Future Directions
	4.5.1 Biomechanical Motion Analysis
	4.5.2 Competition Performance Data

	4.6 Limitations

	5 Conclusions
	Acknowledgements 
	References




