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ABSTRACT

Talent identification and development (TID) in football can be enhanced through objective assessments of
talent predictors. Yet, available instruments rarely consider the unique demands of goalkeepers (GKs).
During early phases of talent development, considering a GK's giftedness relating to, for example, different
abilities (e.g. motor coordination), can complement views on highly specialized GK-specific attributes (e.g.
technical skills). Therefore, this study aimed to evaluate a GK-specific motor coordination assessment to
support TID in football at early developmental phases. Six tests were designed to assess ball control relevant
to GKs. Their content and face validity were confirmed by independent experts (N = 8). The assessment was
evaluated with GKs selected for the German Football Association’s TID program (U12-U15; N = 120). This
study examined the assessment’s test-retest reliability and agreement, the structural validity, and the
concurrent validity. The overall test score demonstrated good test-retest reliability, although some indivi-
dual tests showed lower coefficients. Additionally, limited agreement between repeated measurements due
to considerable measurement error as well as issues with the structural validity of the test battery were
identified. Nevertheless, the findings support the assessment’s concurrent validity as higher-rated (i.e. more
talented) GKs outperformed lower-rated individuals. Yet, the test battery’s diagnostic accuracy is not high
enough to justify individual decisions for talent selection. Overall, these findings support the consideration
of motor coordination as a talent predictor in youth GKs and emphasize the assessment’s potential to
enhance coaches’ evaluations. The identified psychometric weaknesses in some individual tests provide
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impetus to further optimize the test battery.

The goalkeeper (GK) plays a crucial role for a football team’s
success and should therefore receive concerted attention along
the talent pathway (Vahia and Kelly 2024). Recent literature
reviews on GK-specific game demands emphasize the need
for multidimensional ability- and skill-related attributes such
as quickness, power, as well as several GK-specific technical
and tactical skills (West 2018; Otte et al. 2023). This empirical
knowledge about the demands imposed upon GKs in the game
contributes to a sophisticated understanding of the determi-
nants required for high-level performance. However, this body
of research hardly informs about the attributes, which should
be considered as predictors of goalkeeping talent at a young
age. Given this limited knowledge about talent predictors in
GKs, current talent identification and development (TID) prac-
tices remain largely a product of the expertise and experience
of practitioners (Vahia and Kelly 2024). This paucity of research
evidence alongside the fact that well-established practical
approaches to identifying and developing talented GKs remain
under-researched, severely limits our understanding of how
these processes can be optimized.

This limited understanding opposes trends regarding the
growing empirical insights on talent in sports in general
(Baker et al. 2020; for a review) and in football more specifically
(Williams et al. 2020; for a review). In football, these studies
have informed sport practice pertaining to, for example, the

consideration of several prognostically relevant talent predic-
tors in outfield players. In this regard, research demonstrates
higher predictive power of football-specific compared to gen-
eral motor attributes in youth players already selected
(Sieghartsleitner, Zuber, Zibung, Charbonnet et al. 2019).
Furthermore, different studies report the best predictions if
subjective ratings by practitioners were combined with objec-
tive assessments (e.g., motor tests; Sieghartsleitner, Zuber,
Zibung, Conzelmann 2019; Dugdale et al. 2020; Honer et al.
2021). Yet, the available research also emphasizes the need to
consider talent predictors in the light of different developmen-
tal phases given a variety of mediating and moderating factors
(e.g., training history; access to high-quality coaching; Williams
et al. 2020).

The relevance of accounting for developmental phases is
also emphasized by the Differentiated Model of Giftedness and
Talent (DMGT; Gagné 2021). According to the DMGT,
a person’s (innate) giftedness refers to the possession of
exceptional abilities (e.g., coordination) which are relevant
for a certain field (e.g., goalkeeping). These abilities form
the foundation for the development of talent, characterized
by a person’s systematically developed, extraordinary com-
petencies (see also Preckel et al. 2020"). Consequently, in
early developmental phases, talent assessments may not
only focus on highly specialized, sport-specific attributes,
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whose development is largely related to the training history
(Vandorpe et al. 2012). The additional consideration of abil-
ities as indicators of a GK's giftedness and, thus, the potential
to develop high levels of GK-specific competencies can add
valuable information.

Talent research in the field of football goalkeeping

The relatively scarce talent research focusing on GKs is, for
example, due to the far lower number of GKs compared to
outfield players in football squads. For this reason, GKs were
seemingly often deliberately excluded or omitted in previous
talent research (Vahia and Kelly 2024). One exception pre-
sents the study by Gil et al. (2014), who examined talent
predictors in GKs and observed that 9- to 10-year-old GKs
were more likely to be selected when being taller and per-
forming better in generic, physical tests (e.g., jump tests).
Another study by Hoéner et al. (in revision) demonstrated
that position-independent motor tests assessing technical
skills (e.g., passing and ball control) and speed abilities (e.g.,
linear-sprint) had predictive power for selection into
a German youth academy (YA) 3 years after the assessment
for a sample of pre-selected GKs aged U12 to U15. In this
study, however, additionally conducted subjective coach rat-
ings of GK-specific technical and tactical skills showed even
higher predictive power in univariate analyses. Yet, multivari-
ate analyses indicated that these coach ratings discriminated
less between distinct GK-specific technical and tactical skill
domains. Thus, the subjective ratings represented accurate,
but seemingly general judgments of a GK's talent. These
findings hint at the contribution of objective motor tests for
more differentiated assessments of specific talent predictors
(see also Honer et al. 2021 for a discussion).

These studies further concluded that TID could be opti-
mized if objective assessments would better account for GK-
specific demands. Such objective tools become even more
relevant if no GK-experts were available for subjective rat-
ings, and for generating reference values that allow for
a systematic comparison of GKs’' talent in large-scale TID
programs. There are, however, only a few scientifically eval-
uated GK-specific assessments available in the literature.
Performance in these assessments was often related to both
GK-specific technical skills (e.g., diving) and physical attri-
butes (e.g., jump performance; Knoop et al. 2013; Rebelo-
Gongalves et al. 2016). Although scientific evaluations with
(late) adolescent GKs underline the assessments’ concurrent
validity in these age groups, their predictive validity in early
developmental phases is unknown and the test performance
seems highly associated with GKs' anthropometrics and
maturation. Another challenge with these assessments in
practice is their comparably complex test setups, which
limit their practical feasibility.

Consequently, there is a lack of objective and practically
feasible assessments of talent predictors suitable to support
GKs’ TID in early developmental phases. At these early time
points, also considering abilities that underpin GK-specific
developmental processes seem relevant (Preckel et al. 2020;
Gagné 2021). These attributes could indicate a youth GK's
potential to develop high levels of GK-specific competence

when being systematically promoted within TID programs
(e.g., position-specific practice; coaching by GK
experts, etc.).

Motor coordination as a potential talent predictor in
youth sports

The applied and academic literature on football GKs highlights
that motor coordination is one relevant ability, and further
identifies domain-specific attributes related to coordination
(e.g., ‘ball handling’; ‘eye-hand coordination’; Busch 2017;
Elleray 2021; Otte et al. 2023). That motor coordination can
serve as a predictor of talent is further supported by empirical
studies across various sports, which describe it as one indicator
of an individual’s potential for sport-specific skill development
(Vandorpe et al. 2012; Pion, Fransen, et al. 2015, Pion, Lenior, et
al.,, 2015; Rommers et al. 2019). Therefore, assessments of motor
coordination may reveal the potential to support GKs’ talent
identification in practice.

In the scientific literature, manifold theories and taxonomies
on motor abilities have been proposed (e.g., general motor
ability vs. specificity hypotheses; Haibach et al. 2018; Hands
et al. 2018). At present, multidimensional conceptualizations
of motor abilities, one of which is motor coordination, seem
most accepted (in detail, e.g., Limmle et al. 2010). Motor coor-
dination relates to the patterning of head, body, or limb
motions relative to the patterning of environmental objects
and events (Turvey 1990; Magill and Anderson 2021). Utesch
and Bardid (2019) describe motor coordination as an under-
lying mechanism of motor competence and, thus, fundamental
for goal-directed movements.

This variety of phenomenological and empirical concepts
also led to several factorial structures of motor coordination
assessments (e.g., Limmle et al. 2010). These assessments can
broadly be categorized by the types of motor tasks they use,
which are based on either static environments (e.g., jumping
sideways over a line; Kiphard and Schilling 2007) or dynamic
environments (e.g., controlling a ball; Faber et al. 2015).
Particularly in dynamic environments, participants need to con-
tinuously adjust their movements based on environmental
information (e.g., ball movements) to optimally solve a motor
task. This categorization shows parallels to assessments of
higher-order constructs like general motor competence, often
represented by latent factors termed locomotion and object
control (Aadland et al. 2022; gross motor function and ball
control, Faber et al. 2015; self-movement and object-
movement; Herrmann and Seelig 2017; locomotor and ball
skills; Garn and Webster 2021).

Despite the use of such test batteries within a deficit-
oriented approach (e.g., detecting motor coordination
issues; Fransen et al. 2014; Coppens et al. 2021), there is
some evidence from studies conducted in different sports
that motor coordination assessments can support the
detection and identification of sporting talent. A review by
O’Brien-Smith et al. (2019) indicates that the ‘Korper
Koordinationstest fiir Kinder’ (KTK; Kiphard and Schilling
2007), which is based on motor tasks in static environ-
ments, can explain part of the variance between youth
athletes competing at different performance levels across



sporting domains. Furthermore, a cross-sectional study indi-
cated the concurrent validity of ball-related tests (i.e., motor
tasks in dynamic environments) in table tennis (Faber et al.
2014).

In prospective study designs, it has been found that test items
of the KTK relating to maintaining balance possess predictive
power for child gymnasts’ participation in an elite talent path-
way 2 years after the assessment (Vandorpe et al. 2012).
Similarly, Deprez et al. (2014) confirmed the two-year predictive
validity of the KTK test items ‘jumping sideways’, ‘moving side-
ways’, and ‘balancing backward’ in early to mid-adolescent
Belgian soccer players. Two further studies partially confirmed
the predictive validity of ball-related ‘eye-hand coordination’
and ‘ball skills’ tests in table tennis players below the age of 11
(Faber et al. 2016, 2023). A longitudinal study further demon-
strated that coordination tests with and without ball were
among the best predictors in identifying handball talent
(Matthys et al. 2013).

In summary, previous research indicates that assessments of
motor coordination can aid the detection and identification of
sport-specific talent, especially when applied during the early
developmental phases. However, most studies similarly empha-
size the importance of considering specific aspects of motor
coordination, taking into account the unique demands of each
sport.

Development of a GK-specific motor coordination
assessment

Accounting for football GKs’ highly specialized positional
demands, Bergmann et al. (2021) presented a GK-specific
motor coordination assessment that was developed based
on a co-design involving practitioners and researchers.
Specifically, an expert panel, consisting of GK experts work-
ing for the German Football Association’s (DFB) TID program
(i.e., full-time practitioners with several years of experience)
and full-time researchers providing scientific support for the
program, developed the assessment through a five-step pro-
cess (in detail Supplement I): Initially, the experts inductively
developed a test battery (step 1). A first pilot study (step 2)
demonstrated good to very good procedural objectivity (.90
< ry < .99) and moderate to good test-retest reliability (.66
< ry < .89). In a subsequent pilot study evaluating the
concurrent validity (step 3), it was found that the individual
tests demonstrated diagnostic power in distinguishing
between pre-selected GKs who were rated as having differ-
ent levels of talent by experts (.10 < np2 < .22). Despite these
promising findings found within the two pilot studies (i.e.,
steps 2 & 3; Bergmann et al.,, 2021), practical experience
when conducting the assessment and statistical results
encouraged the expert panel to further optimize the test
battery (e.g., practical feasibility, test demands; step 4).
Finally, these further developed tests underwent an indepen-
dent expert rating that demonstrated the test battery’s con-
tent and face validity, as well as the practical feasibility (step
5; in detail Supplement 1). The six test items finally included
in the test battery are presented in Table 1 (Bergmann et al.
2024).
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The present study

The present study aimed to evaluate the motor coordination
assessment designed to support TID in youth football GKs. The
evaluation was conducted at both a global level (i.e., the overall
test performance) and with respect to each test item. These
processes followed the consensus-based standards for the
selection of health status measurement instruments
(COSMIN), particularly guidelines for evaluating instrument’s
measurement properties (Mokkink et al. 2010a, 2020). Guided
by the COSMIN taxonomy on instrument’s measurement prop-
erties (Mokkink et al. 2010b), this study pursues three objectives
addressing the assessment’s reliability (objective 1) and validity
(objectives 2 & 3):

(1) Assessing the test battery’s internal consistency, test-
retest-reliability (i.e., ‘relative reliability’), and agreement
across repeated measurements (i.e., ‘absolute reliability’)
to estimate the degree of measurement error in the test
data.

(2) Exploring the structural validity of the test battery to
identify potentially underlying dimensions as the theo-
retical construct of motor coordination is inconsistently
defined, assessed, and discussed in the literature.

(3) Evaluating the concurrent validity in terms of the assess-
ment’s accuracy in identifying goalkeeping talent which
is essential to support TID in practice.

Methods
Sample

To evaluate the psychometric properties of the test battery,
male U12 to U15 GKs were tested (N = 120; in detail Table 2). All
GKs were selected for a base camp (BC; ‘competence center’) of
the DFB TID program located in two different regional football
associations, namely FuBball- und Leichtathletik Verband
Westfalen (‘Westphalia’; n=69; 25 different BCs) and
Wiirttembergischer FulSballverband (‘Wirttemberg’; n=51; 17
different BCs). At these BCs, approximately the best 4% of GKs
in their respective age were offered one additional practice
session per week complementing their regular clubs’ activities
(Kelly et al. 2024). Both regions are split up within the DFB’s TID
program into two ‘coordination areas’, each supervised by
a full-time coach coordinator. The decision to assess GKs from
these two regions was justified, as they were represented by
four comparably large coordination areas (between 11 and 16
BCs), thus contributing to achieving large sample sizes given
the commonly low number of GKs at each BC. Additionally, the
two coordination areas in each region prepare their players for
one regional association squad, further enhancing the compar-
ability of these two regions (see also ‘criterion variable’). As the
data were collected at two different time points in Westphalia
(June 2022; Season 2021/2022) and Wirttemberg
(October 2022; Season 2022/2023), two different birth cohorts
were assessed (Westphalia: 2007-2010; Wirttemberg:
2008-2011). However, no significant difference in the sub-
samples’ age was found (t(118) =1.697, p=.53) so that these
two time points had no consequences for the statistical
analyses.
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Table 2. Sample characteristics separated by the four investigated age groups and two different regions.

Total Sample Westphalia Wiirttemberg
N Age (yrs.) Height (cm) Weight (kg) n  Age (yrs.) Height (cm) Weight (kg) n Age (yrs.) Height (cm) Weight (kg)
Overall 120 1293+1.20 16293+11.67 50.32+12.06 69 13.12+1.13 164.72+10.77 5238+ 11.61 51 1265+1.21 160.49+ 1247 47.53+12.22
U12 42 11.70+£0.41 15404+£8.12 4216+736 25 1195+0.32 156.20+7.46 4455+694 17 11.34%£0.21 150.87+8.02 38.66 £ 6.69
u13 34 1272+041 160.63+879 4751+829 19 1297+0.27 16246+6.14 49.62+596 15 1239+031 15831+11.11 44.85+10.32
u14 21 13.84+043 17136+881 56.70+8.72 15 14.05+0.29 17434+£6.66 59.69%7.55 6 13.29%0.11 163.90+9.66 49.21+£7.09
u15 23 14611042 17484+7.12 6345+1238 10 1495+0.32 17591+£8.77 66.25+1570 13 1436+0.29 174.02+579 61.46+9.24

Before entering the DFB TID program, written informed
consent for the recording and scientific use of each individual’s
data was provided by a legal guardian/next of kin. The first
author’s university’s ethics department approved the use of the
data for this study.

Data collection

The data collection was embedded into GK-specific training
camps of the DFB, including sufficient recovery breaks.
Guided by the detailed test manual (Bergmann et al. 2024; for
an overview of all individual tests see Table I), research assis-
tants, trained and supervised by a member of the research
team, conducted all data collection. Before participating in
the assessment, all participants filled out a one-page question-
naire covering questions on personal information (e.g., name,
date of birth), training history (e.g., GK experience), and their
current club. Additionally, anthropometric data were assessed.
Weight was measured with calibrated scales (Seca 813 electro-
nic flat scale) to the nearest 0.1 kg, and height was measured to
the nearest 0.1 cm with a fixed stadiometer (Seca 213 portable
stadiometer).

All GKs completed the whole test battery twice (i.e., test-
retest design) with a recovery break in between. The tests were
conducted in a fixed circle during both the test (T1) and retest
(T2) to ensure a comparable time between both measurement
points. With an average completion time of approx. 45 min. for
the entire assessment per group, ensuring sufficient and
equally comparable recovery, the test-retest interval for the
same test was approx. 60 minutes.

Across all tests six tests included in the test battery, the
number of points collected represents the metric test outcome.
Similar to previous studies using ball-related tests (Faber et al.
2015), the best out of two attempts was considered for analyses
except for the TSC in which the sum of points out of five trials
represents the test outcome. A familiarization phase before
each test should ensure participants’ comprehension, but
least affect their baseline performance (i.e., a person’s initial
performance level on a given task; Baltes 1987).

Criterion variable

All tested GKs were assigned into three groups by expert GK-
coaches who were not involved in the motor testing. They
assigned GKs to group A who possess sufficient talent to be
considered for selection into a regional association squad,
representing the next higher selection level in the DFB TID
program. Group B includes GKs who were appraised to be
among the top 4% of GKs in their respective age cohort and

were hence considered to possess sufficient talent to remain at
their BC. Group Cincludes GKs who were considered to possess
little talent and hence their deselection from the TID program
should be contemplated. The coach rating was conducted after
GKs participated in training camps that serve as measures for
GK-specific promotion. This procedure is commonly used in the
TID program to evaluate GK's talent. Thus, it was deemed the
most appropriate criterion variable to evaluate the assess-
ment’s validity.

Given previous findings (Gil et al. 2014), a potential influence
in the coach rating based on GKs’ age or anthropometric char-
acteristics was checked. No significant differences between the
talent groups regarding GKs’ age, height, or weight were pre-
sent (0.149 < F (2, 117) < 1.341; p = .273). Thus, a potential bias
by these parameters can be precluded.

Statistical analysis

To evaluate the assessment’s psychometric properties on
a global level, a score that includes performance in each test
with an equal weight was calculated for both T1 and T2. This
score is represented by the mean out of all Z-transformed
individual test performances.

Reliability (objective 1)

Following Mokkink et al. (2010b), three domains of reliability
were evaluated to estimate the degree of measurement error in
the data. These are represented by the assessment’s internal
consistency, the test-retest reliability (‘relative reliability’), and
the agreement (‘absolute reliability’; Atkinson and Nevill 1998;
de Vet et al., 2006).

To display the assessment'’s internal consistency, Cronbach’s
a for all individual tests at T1 and T2 was calculated (Tavakol
and Dennick 2011). It was also evaluated if Cronbach’s a dif-
fered if one test was deleted from the calculation.

To assess the test-retest reliability, Pearson’s correlation coef-
ficient (r,,) between test performances at T1 and T2 was com-
puted for the total sample.” As the sample’s heterogeneity
could affect the reliability (De Vet et al., 2006), partial correla-
tions controlled for the age groups (ry,.q4e) and the two regions
of data collection (r,y.region) Were calculated. As these regions
similarly represent the two included birth cohorts, no addi-
tional control for cohort effects was required. Reliability coeffi-
cients were displayed with their 95% confidence intervals.
These were computed via bootstrapping for partial correlations
using the boot package (Canty and Ripley 2024). A uniform
guideline to interpret reliability coefficients of motor tests is
not available as highly dependent on an assessment’s practical
purpose (Weir 2005). This is why rather conservative thresholds



used in medical contexts were applied that classify coefficients
as ‘poor to moderate’ (0.5-0.75), ‘good’ (0.76-0.9), and ‘accep-
table for clinical measures’ (>0.9; Portney and Watkins 2015).
To display the assessment’s agreement, the standard error of
measurement (SEM; Equation 1), smallest detectable change
(SDC; Equation 2), and coefficient of variation (CV in %;
Equation 3) were evaluated (de Vet et al., 2006; Mokkink et al.
2020). To calculate the SEM and SDC for each individual test
item, a variable representing the performance difference
between T1 and T2 was computed. From this variable, the
standard deviation (SDg;) was calculated. To compute the CV,
the standard deviation (SDr; 1) and mean (Mr; 1,) were calcu-
lated from each individual’s test performances at T1 and T2.

sem — Dt M
V2
SDC = 1.96 % SDdiff (2)
CV(%) = (§5ELIE>*100 3)
T1,72

To display individual variations and systematic differences
between test performances at T1 and T2 graphically, Bland
Altman Plots were used with the mean of performances at T1
and T2 on the x-axis and the differences between these mea-
surement points on the y-axis (Bland and Altman 1999). The
mean difference and corresponding 95% limits of agreement
(LoA) were computed and marked within the graphs according
to Bland and Altman (2003) by using the Blandr package (Datta
2017). Additionally, paired t-tests were used to evaluate signifi-
cant differences between performances at T1 and T2 (Atkinson
and Nevill 1998). Cohen’s d served as effect size (Cohen 1992)
calculated as Cohen'’s d,, (Equation 10 in Lakens 2013).

To investigate the agreement for the score, raw values of
individual tests at T2 were Z-transformed by subtracting the
respective mean value and dividing by the standard deviation
from T1. The score for T2 was calculated by the mean out of all
these Z-transformed individual test performances.

Structural validity (objective 2)

Due to the inductive test development, exploratory factor ana-
lysis (EFA) with the Z-transformed data of all six tests at T1 was
performed. While all tests were based upon motor coordination
relating to ball control (i.e., motor tasks in a dynamic environ-
ment), this allows the identification of potentially underlying
dimensions of the assessment. The number of factors was
estimated by the Kaiser-Guttmann criterion suggesting to
retain as many factors as there are eigenvalues =1 and a scree-
test. Oblique promax-rotation for all retained factors served to
present the final solution (Thompson 2004).

To cross-validate the assessment'’s factorial structure identi-
fied at T1, confirmatory factor analysis (CFA) with the data
collected at T2 was performed. In these analyses, fixed factor
loadings were defined based on the EFA results. As model-fit
indicators, the x2-value, root mean square error of approxima-
tion (RMSEA), and the standardized root mean square residual
(SRMR), as well as the comparative fit index (CFl) and the
Tucker — Lewis Index (TL/) were considered. Acceptable model-
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fit was assumed if the corrected x> -squared values (i.e., divided
by the tests degrees of freedom) are <3.0, RMSEA and SRMR <
.08, and CFI/TLI> .90 (Hu and Bentler 1999; Marsh et al. 2004).

Concurrent validity (objective 3)

To display the assessment’s concurrent validity — as one domain
of criterion validity (Mokkink et al. 2010a) - the diagnostic
accuracy was evaluated with Receiver Operating Characteristic
(ROCQ) Curves at both T1 and T2 (Mandrekar 2010). These ana-
lyses were conducted regarding two different practical pur-
poses of a talent assessment: First, the identification of GKs
with sufficient talent to get promoted at one of the DFB BCs.
Therefore, the rating was dichotomized to assess the accuracy
in identifying GKs considered worth promoting (i.e., groups
A and B) in relation to detecting the least talented GKs (i.e.,
group Q).

The second practical purpose is the identification of ‘elite
youth GKs'. Thus, the accuracy in identifying A-rated (i.e., group
A) GKs in relation to detecting lower-rated individuals (i.e.,
group B and C) was investigated. It should be noted that
dichotomization removes some of the data’s variance but
given the fact that this is how such assessments may be used
in practice, such evaluation seems relevant. To control for the
age groups and regions of data collection, covariate-adjusted
ROCs (AROCs) and the respective adjusted area under the curve
(AAUC) were calculated using the AROC package (Machado e
Costa and Braga 2020). A significant deviation of the ROC curve
from the diagonal (i.e., 45-degree line) and the corresponding
AAUC was checked by considering the curves’ 95% confidence
intervals.

More detailed insights on the concurrent validity were
evaluated with analyses of covariance (ANCOVAs) consider-
ing the test performance as dependent variable and catego-
rical expert ratings of a GK's talent (i.e., groups A, B, or C) as
independent variable. This shows which talent groups differ
in their test performance and further allow for comparison of
the individual test’s diagnostic power. Partial eta squared
(r]pz) served as the effect size to display the assessment’s
concurrent validity at T1 and T2. Computing ANCOVAs by
controlling for both the age groups and the regions of data
collection as covariates was chosen given comparably small
sample sizes in each age and talent group (Hecksteden et al.
2022). To check the independence of the covariates and the
coach rating as the independent variable, chi-squared tests
were performed, revealing no significant differences for
neither the age groups (x* (6) =5.88, p =.44) nor regions of
data collection (x* (2) =3.61, p=.17).

The test power is a critical issue in talent research in general
(Bergkamp et al. 2019) and specifically in GK-specific talent
research (Vahia and Kelly 2024). Therefore, sensitivity analyses
were performed to determine the size of a possibly detectable
effect utilizing G*Power (version 3.1.9.7; Faul et al. 2009) with the
predetermined parameters for ANCOVAs (a=0.05, 1 - B=0.80,
N =120 across three groups, and two covariates). The analyses
were sensitive enough to detect amoderate effect size
(e, ny’=.076).

Group-based differences were tested for significance via
contrasts. To confirm the criterion validity, it was hypothesized
that higher-rated GKs outperformed lower-rated GKs (i.e., A>C,
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A > B, B > (). Based on the covariate-adjusted descriptive
statistics, differences between talent groups were displayed
as Cohen’s d (computed as the mean difference divided by
the pooled standard deviation; Cohen 1992). Effect sizes were
provided irrespective of their significance, considering the
notable differences in sample sizes across the three groups.
Statistical analyses relating to the agreement, EFAs, and
ANCOVAs were processed utilizing IBM SPSS (version 28).
CFAs were performed in Mplus (version 8.2; Muthén and
Muthén 2017). Test-retest reliability, Bland Altman, and AROC
analyses as well as the data visualization using the ggplot2
package (Wickham 2016) were computed in R (version 4.2.2;
R Core Team 2021). The alpha level was set at 5% in all analyses.

Results
Reliability (objective 1)

The test battery demonstrates good internal consistency at T1
(a=.78) and T2 (a=.78). At both measurement points,
Cronbach’s a differs only marginally when one test is deleted
from the calculation (Aa < .06).

The test-retest reliability coefficients are presented in
Table 3. The score shows ‘good’ test-retest reliability for
the total sample (r=.90). When controlling for age groups,
the score’s reliability is lower, but still ‘good’ (r=.80). The
individual tests show ‘good’ (i.e.,, JBC, BWR Il) and ‘poor to
moderate’ reliability (i.e., DBB, BWR |, TSC, BTC). When con-
trolling for age groups, the reliability of the JBC is still ‘good’,
the further tests reach ‘poor to moderate’ coefficients. These
age-adjusted coefficients are slightly lower in the JBC, TSC,
and BTC (.02 < Ar < .06). More pronounced differences
compared to the age-unadjusted coefficients are found for
the DBB, BWR |, and BWR Il (.13 < Ar < .22). Partial correla-
tions controlled for the region where the data was collected
are in some test marginally lower compared to the unad-
justed coefficients (.00 < Ar < .08).

Results on the agreement across T1 and T2 are displayed in
Table 3 and Figure 1. The score is affected by substantial

measurement error (SEM =2.3; SDC=4.5; CV =3.77%) and sig-
nificantly better test performances at T2 are present (d =0.75).
All test items show substantial, yet differently pronounced
measurement errors (1.3 < SEM <14.7, 3.5 < SDC<40.8; 7% <
CV <45%). The DBB reveals the most pronounced measure-
ment error. These differences between the test performances
at T1 and T2 are also visible in Bland Altman analyses and plots
(Figure 1). These further illustrate significantly better test per-
formances at T2 across all individual tests with small to mod-
erate effect sizes (0.16 < d < 0.69). The TSC and BTC
demonstrate the least pronounced systematic improvements,
but outliers are similarly present.

Structural validity (objective 2)

A significant Bartlett test (x* (15)=189.22, p<.001) and - as
indicated by the good internal consistency (ar; =.78) — Kaiser-—
Meyer-Olkin criterion of .80 reveal a sufficient correlation
between the six individual tests at T1 to perform an EFA.
Kaiser's criterion and the scree plot (Supplement Il) yield an
empirical justification for a one-factor solution with an eigen-
value of 2.92 and 49% of explained variance.> The pattern
matrix shows the highest factor loadings for DBB, BWR |, and
BWR Il (.67 < A <.79) and, thus, communalities between 45%
and 62% of explained item variance (Table 4). The three further
tests reveal lower, yet still acceptable loadings (A = .47) with
communalities from 22% to 46%.

To cross-validate the one-factor solution proposed by the
EFA at T1, a CFA was conducted using the data collected at T2.
The cross-validation shows insufficient model-fit with
a significant x* -test (x(9) = 5.53, p <.001) and poor model-fit
indices RMSEA [90%-Cl] =.19 [.14; .25], CFI =.79, TLI = .68, SRMR
=.09). Thus, the proposed one-factor solution could not be
replicated at T2. Yet, all tests reveal substantial factor loadings
(.54 <\ < .82; all p<.001), except for BTC with a lower, though
still significant factor loading (A =.34 p <.001). Consistent with
the factor loadings found in the EFA, DBB, BWR I, and BWR I
show the highest factor loadings (.62 < A < .82).

Table 3. Results on the test-retest reliability (‘relative reliability’) and agreement (‘absolute reliability’).

Test-Retest Reliability Agreement
rxy rxy - Age Group rxy - Region SEM SbC v SMD
N [95% Cl] [95% Cl] [95% Cl] [points] [points] [%] [Cohen’s d]
Score 120 90%** 80*** 90*** 23 4.5 3.77 0.75%**
[.86; .93] [.71; .87] [.85; .93] [3.42; 4.13] [0.38; 1.12]
JBC 120 80%** T5*¥¥ T5¥¥¥ 35 9.7 15.92 0.56***
[.73; .86] [.65; .83] [.64; .82] [13.47; 18.37] [0.20; 0.93]
DBB 120 65%%% 52%x¥ 65%¥* 14.7 40.8 44.73 0.62%**
[.54; .75] [.37; .65] [.54; .76] [38.81; 50.66] [0.25; 0.99]
BWR | 120 A ekl A9*¥¥ T3 25 6.9 7.27 0.69%**
[.61;.79] [.24; .70] [.55; .84] [6.09; 8.44] [0.32; 1.06]
BWR Il 120 78%¥%% 64*¥¥ TTER¥ 15 4.1 11.83 0.53***
[.70; .84] [.53;.74] [.70; .84] [10.23; 13.43] [0.16; 0.89]
TSC 120 WA il B7*¥* T2XRX 19 5.2 31.67 0.16*
[.63; .80] [.55; .77] [.60; .80] [25.38; 37.95] [-0.20; 0.55]
BTC 120 A ekl 69*¥¥ 63**¥¥ 13 35 18.64 0.33***
[.61;.79] [.60; .78] [.50; .74] [15.45; 21.83] [-0.03; 0.87]

Note. ***p < 0.001; JBC = Juggling-Ball-Change; DBB = Double-Ball-Bouncing; BWR | = Ball-Wall-Rebounder - one ball; BWR Il = Ball-Wall-Rebounder - two balls; TSC =
Throwing-Sitting-Catching; BTC = Bouncing-Turning-Catching; r,, = product-moment correlation coefficient (Pearson); r,, -age Group = Partial correlation controlled for
the age groups U12 to U15; ry _ gegion = Partial correlation controlled for the two regions (i.e., Westphalia & Wiirttemberg) in which the data was collected; SDC =
Smallest Detectable Change; SEM = Standard Error of Measurement; SMD = Standardized Mean Difference; CV = Coefficient of Variation.



SCIENCE AND MEDICINE IN FOOTBALL

Score
.
®
“
" . ULoA: 11.66
SR
T [10.66; 12.66]
E10 ° ° o L)
O R
i ey L L MW + SD:
se e 28 ey e 4o 532+3.25
g 2 e L s. ‘:' :.: ol o . R . S [4.73; 5.90]
o s (X ax I8 °
LLoA: -1.02
2 * . [-2.03; -0.02]
“
.
* 90 100 110 120
Mean of Test & Retest [Points]
Juggling-Ball-Change (JBC) Double-Ball-Bouncing (DBB)
20 . .
N . < ULoA: 14.04 ULoA: 56.15
rrrrrrrr S ~[12.52; 15.58] [49.71; 62.60]
Ew E L]
¢ o8 P MW  SD:
£ MW :SD: ¢ — 15.38 + 20.81
g 4.36+4.04 5 e n T%5. 7 [1161:19.14]
: [3.46;5.25] £ °® e
& LY
LLoA: -25.41
s ‘ae. LLoA: -5.33 [-31.85; -19.96]
2 - [-6.86; -3.80]
10 20 30 50 0 20 40 60 80
Mean of Test & Retest [Points] Mean of Test & Retest [Points]
Ball-Wall-Rebounder - one Ball (BWR I) Ball-Wall-Rebounder - two Balls (BWR II)
14 L] 12
o ° ULoA: 9.69
2 B [8.60; 10.79]
g1 ) )
H S
[ 1 [
o ULoA:595 4 o e MW + SD:
e e — [5.31;6.60] £ [ ¢ 2.77£3.53
5 e . o e 5 [2.13; 3.41]
2 4 e o o o o o 2
§I e © 0 0o 0 0 0 o MW + SD: E XXl ° (XX}
gz .I ... -.-...-.-... ‘. L] ;185801222058] g-z ° °© °°
0, 2. 2 ° LLoA: -4.16
4 . P
, o o . " ° LLoA: -2.20 R LI 3 [-5.25; -3.06]
’ [-2.85; -1.55] o
15 20 25 30 10 20 30 40
Mean of Test & Retest [Points] Mean of Test & Retest [Points]
Throwing-Sitting-Catching (TSC) Bouncing-Turning-Catching (BTC)
. LI ) ULOA: 4.24
) ° 4 ) 0 ) [3.69; 4.78]
ULoA: 5.83
= s | [5.00;6.66] e * e @& ° 0
£ v £. o ° . . ° ° ° °
24 ° o o ° g .
g e e e L E 3 o . . . o ° . (;W;AB’ f 1337
£2 e © o o o o o o o o g i £= P
£ PO " P - - MW +SD: £ [0.46; 1.09]
.é';'; o 058 + 268 g‘i L] ® & L] L] L] L] L]
g e o o o o o o o o . [0.10; 1.07] H
32 e o o 0 o o ° E'z L 2 & LLoA: -2.69
o o o ) [-3.23; -2.14]
“. 2 b LLoA: -4.66 &
- = [-5.49; -3.84]
-6 L] L]

5 10
Mean of Test & Retest [Points]

4 6 8
Mean of Test & Retest [Points]

Figure 1. Bland Altman plots to display differences in performance at the first (T1) and second measurement point (T2) for the score and individual test items. Note.
Green (upper limit of agreement; ULoA) and red (lower limit of agreement; LLoA) lines, as well as their shadings, represent the 95% confidence intervals.

Concurrent validity (objective 3)

The overall test performance, as reflected in the score, reveal
concurrent validity for two practical purposes. Regarding the
identification of all talented GKs (i.e., groups A and B;

sensitivity) in relation to the identification of C-rated GKs (i.e.,
specificity), AROC analyses demonstrate significant and nearly
equivalent diagnostic accuracy at T1 (AAUC=.68 [.56; .79];
Figure 2(a) and T2 (AAUC=.67 [.56; .78]; Figure 2(b). This
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Table 4. Results of the exploratory factor analysis with the data collected at T1.

Factor Loadings

1-Factor solution

Factors and JBC DBB BWR | BWR II TSC BTC Eigenvalue Explained variance
communality
Factor 1 59 .67 79 .68 47 .50 2916 48.61%
h? 34 45 62 46 22 25

Note. JBC = Juggling-Ball-Change; DBB = Double-Ball-Bouncing; BWR | = Ball-Wall-Rebounder - one ball; BWR Il = Ball-Wall-Rebounder - two balls; TSC = Throwing-

Sitting-Catching; BTC = Bouncing-Turning-Catching.
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Figure 2. AROC curves displaying the diagnostic accuracy of the score (i.e., the overall test performance). Note. The analyses were guided by two potential practical
purposes of a talent assessment. The first purpose (Figures 2(a,b) for T1 and T2, respectively) is the identification of GKs who are worth promoting in the TID program
(i.e., groups A and B) in relation to detecting the least talented GKs (i.e., group C). The second practical purpose (Figures 2(c,d) for T1 and T2, respectively) is the
identification of ‘elite youth GKs’ (i.e., group A) in relation to detecting lower-rated individuals (i.e., group B and C).

indicates a 68% (T1) and 67% (T2) chance of correct assignment
based on the score.

Regarding the identification of elite youth GKs (i.e., group A;
sensitivity) in relation to lower-rated individuals (i.e., groups
B and G; specificity), significant diagnostic accuracy is found at
T1 (AAUC=.73[.57; .87]; Figure 2(c) and T2 (AAUC =.79 [.68; .89];
Figure 2(d). This indicates a 73% (T1) and 79% (T2) chance of
correct assignment based on the score.

These results generally confirm that the assessment reveals
some diagnostic power. More detailed insights on the concur-
rent validity were evaluated with ANCOVAs by considering the

test performance as the dependent variable and the talent
groups as the independent variable. Regarding the score,
these analyses show significant differences between the talent
groups with a large effect size at T1 (F(2, 115) = 10.30, p <.001,
npz =.15) and with an even slightly higher effect size at T2 (F(2,
115)=11.83, p <.001, np2 =.17). Subsequently performed con-
trasts to compare the test performances across talent groups
show significantly better performances of higher rated GKs,
thus, supporting the assessment’s concurrent validity. The con-
trasts to compare the talent groups show the largest differ-
ences between A-rated and C-rated GKs (dr; = 1.36; dy, = 1.47).
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Table 5. Results of the ANCOVAs controlled for age groups and regions in which the data were collected and contrasts to compare test performances between three

talent groups at the second measurement point (T2).

Contrasts
Magjustea £ SE Cohen’s d
95% Cl [LL; UL] ANCOVA 95% CI [LL; UL]
Test N A(n=13) B (n=60) C(n=47) F(2, 115) p n,,z A>C A>B B>C
Score 120 104.34+1.23 100.36 = 0.57 97.77 £ 0.65 11.83 <.001 A7%%% 1.47%%% 0.90** 0.58*%*
[101.90; 106.78] [99.22; 101.49] [96.48; 99.07] [0.80; 2.14] [0.28; 1.52] [0.19; 0.97]
JBC 120 30.00 + 1.68 28.08+0.78 2548 +0.89 3.80 .025 .06* 0.74* 0.32 0.43*
[26.69; 33.33] [26.54; 29.63] [23.73; 27.24] [0.11; 1.37] [-0.28; 0.92] [0.04; 0.82]
DBB 120 5730+6.18 45.04 +2.87 40.98 +3.27 2.70 072 .05 0.73* 0.55 0.18
[45.07; 69.54] [39.35 50.73] [34.49; 47.46] [0.10; 1.36] [-0.01; 1.16] [-0.20; 0.57]
BWR | 120 22.27 £0.54 21.04+0.25 20.51+0.29 4.06 .020 07%* 0.89*%* 0.63* 0.27
[21.19; 23.34] [20.54; 21.54] [19.94; 21.08] [0.25; 1.52] [0.03; 1.24] [-0.11; 0.65]
BWR Il 120 26.10+£1.16 25.17 £ 0.54 23.38+£0.61 3.28 041 .05% 0.65* 0.22 0.43*
[23.80; 28.39] [24.10; 26.23] [22.16; 24.59] [0.03; 1.28] [-0.38; 0.82] [0.04; 0.81]
TSC 120 9.46 £ 0.87 6.85 £ 0.41 5.57 +0.46 7.87 <.001 q2%%% 1.23%%% 0.82*%* 0.40*
[7.73; 11.19] [6.05; 7.66] [4.66; 6.49] [0.58; 1.89] [0.21; 1.44] [0.02; 0.79]
BTC 120 7.45+0.51 6.61+0.24 6.12+£0.27 2.68 073 .04 0.72* 0.45 0.26
[6.42; 8.47] [6.13; 7.09] [5.59; 6.66] [0.09; 1.35] [-0.15; 1.06] [-0.20; 0.65]

Note. *p < 0.05; **p < 0.01; ***p < 0.001; JBC =Juggling-Ball-Change; DBB = Double-Ball-Bouncing; BWR | = Ball-Wall-Rebounder - one ball; BWR Il = Ball-Wall-
Rebounder - two balls; TSC = Throwing-Sitting-Catching; BTC = Bouncing-Turning-Catching; The age groups (i.e., U12-U15) and the region in which the data was
collected (i.e., Westphalia & Wiirttemberg) were included as covariates in the ANCOVAs.

Lower, but still large effect sizes are found for comparisons of
A-rated and B-rated GKs (dr; = 0.81; dr> = 0.90). Moderate effect
sizes are present for comparisons of B-rated and C-rated GKs
(dr; =0.56; dr> =0.58). These results confirm the assessment’s
concurrent validity at both T1 and T2. Yet, the overall slightly

higher diagnostic power at T2 suggests better considering data
from the second measurement point.

For this second measurement point, findings regarding the
concurrent validity of all six individual tests are displayed in
Table 5. In four out of six individual tests, the ANCOVAs show
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Figure 3. Standardized mean differences to display differences in performance of GKs assigned to three talent groups at T2. Note. A positive effect size represents better

performance of higher-rated GKs. Error bars display 95% confidence intervals.
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significant differences between the groups with moderate
effect sizes (.05 < npz <.12). Partial eta-squared of the two non-
significant models are still moderate but it should be noted that
the effect sizes are below the threshold for a detectable effect
size when considering the analyses’ sensitivity. Across all indi-
vidual tests, the elite GKs (i.e., group A) significantly outperform
the least talented GKs (i.e.,, group C) with moderate to large
effect sizes (0.65 < d < 1.23; Figure 3). The comparisons of GKs in
groups A and B show two significant differences with moderate
to large effect sizes (0.63 < d < 0.82). Two non-significant
differences with moderate effect sizes are found (045 < d <
0.55) and two further non-significant differences show small
effect sizes (0.22 < d < 0.32). The comparisons between B-rated
and C-rated GKs show significant differences with small effect
sizes in three tests (0.40 < d < 0.43), while the remaining three
tests reveal no significant differences with small effect sizes
(0.18 < d < 0.27).

Discussion

A GK-specific motor coordination assessment aiming to sup-
port TID in football was co-designed by researchers and practi-
tioners assembled into an expert panel. Ratings by experts not
involved in the test development demonstrate the test bat-
tery’s content and face validity, as well as the practical feasi-
bility. Findings on the assessment’s psychometric properties
reliability (objective 1) and validity (objectives 2 & 3) are
ambivalent. The score representing the GKs’ overall test perfor-
mance shows good reliability. Furthermore, the score reveals
a practically relevant diagnostic power in identifying the more
talented GKs, thus demonstrating concurrent validity.
Therefore, corresponding to previous talent research using
motor coordination tests across sports (e.g., Vandorpe et al.
2012; O'Brien-Smith et al. 2019), the test battery offers potential
to support the identification of goalkeeping talent. Yet, the
findings also underline that the assessment’s diagnostic accu-
racy is not sufficient to justify decisions on an individual level
(e.g., [delselections). In addition, the test-retest reliability of
some tests is only poor to moderate, and substantial measure-
ment error affects the agreement across repeated measure-
ments. Furthermore, the exploration of the structural validity
indicates that the test battery does not represent a uniform
construct. Therefore, the findings also uncover different areas
where the assessment should be optimized for enhancing its
potential to support GKs’ talent identification in practice.
Comparing findings on the reliability with other studies is
difficult due to several factors: i) longer test-retest periods, ii)
heterogeneous study samples without the control for covari-
ates (e.g., age, sex), iii) unknown measurement errors, or iv) the
absence of reliability coefficients. A comparison of the test-
retest reliability for the total sample and a study with table
tennis players (7-12 yrs.) is possible that report slightly higher
coefficients of an ‘eye-hand coordination test’ between
attempts performed on the same day (/CC=0.83; Faber et al.
2014). Visual analysis indicates less systematic improvements
between test attempts, but random errors and outliers are
similarly present. Further studies evaluating comparable tests
show heterogeneous test-retest reliability coefficients (.31 <
ICC < .91; Faber et al. 2015), and some tests similarly reveal

limited agreement (3% < CV <43%, Faber et al. 2015; 10% <
CV < 12%, Matthys et al., 2013). Therefore, the presented find-
ings widely correspond with previous research regarding chal-
lenges in achieving proper test-retest reliability and especially
agreement in ball-related coordination tests.

Considering that the assessment is mainly intended to aid
discriminative purposes (i.e., identifying talented individuals
among a group of GKs), ‘relative reliability’ (e.g., test-retest-
reliability) is principally more relevant than ‘absolute reliabil-
ity’ (e.g., agreement; de Vet et al,, 2006). Nevertheless, if the
assessment aims to systematically support talent identifica-
tion in a large-scale TID program, reducing measurement
error is essential to establish reference values for comparing
GKs across different regions and birth cohorts. Overcoming
this issue may relate to optimizing the testing guidelines.
Similar to previous studies (Faber et al. 2015; Matthys et al.,
2013; Honer et al,, 2015), data close to participants’ baseline
performance (i.e., the initial performance on a given task;
Baltes 1987) was analyzed given only short familiarization
before the actual testing at T1. Yet, ongoing familiarization
across attempts led to considerable improvements from T1
to T2 (0.16 < d < 0.69). Thus, it is worthwhile to explore how
many attempts are required until a plateau in performance is
reached, to potentially consider data with less measurement
error, which is also expected to improve the test’s reliability
(Weir 2005).

Regarding the assessment’s  structural  validity,
a unidimensional structure of the assessment as suggested by
the EFA would be coherent with other assessments because all
tests assess motor coordination related to ball control (i.e.,
based on motor tasks in a dynamic environment). In previous
research, ball-related motor tests often load on a latent factor
termed ‘object/ball control’ or similar (e.g., Faber et al. 2015;
Herrmann and Seelig 2017; Garn and Webster 2021). However,
while these and further assessments include comparable tests
to those evaluated in the present study, their underlying con-
structs often differ (e.g., ‘motor skills’, ‘fundamental motor
skills’; ‘motor competence’). This also reflects the variety of
taxonomies and theories to classify motor skills and abilities
(Ldmmle et al. 2010; Hands et al. 2018; Magill and Anderson
2021), as well as concepts aiming to collectively assess motor
performance dispositions as general or basic motor competen-
cies (Fransen et al. 2014; Herrmann and Seelig 2017). In contrast
to these studies, the presented assessment was guided by the
assumption that high levels of abilities relevant to a certain field
(i.e., goalkeeping) are one of many indicators of a person’s
potential to develop GK-specific performance attributes.
Guided by the GK literature (e.g., Busch 2017) and informed
by the expertise of practitioners from the expert panel that
developed the assessment, it is assumed that this can be eval-
uated through purposefully designed motor coordination tests
focusing on ball control.

Considering the factor loadings of individual tests at T1,
the TSC and BTC exhibit lower but still sufficient loadings.
This could be explained by more pronounced gross-motor
demands (i.e., sitting down, standing up, jumping; turning
around) compared to the remaining tests. On
a confirmatory level, the TSC again shows a lower factor
loading (A\=.54, p <.001), but especially the BTC (A=.34, p



<.001) seemed to not fit optimally in the test battery. One
reason for the poor model fit found for the replication of the
unidimensional structure at T2 can be differently pronounced
measurement errors across individual tests. In this regard, it
seems worth noting that the TSC and BTC demonstrate the
least systematic improvements from T1 to T2. Again, these
findings hint at a potential contribution from optimized test-
ing guidelines aiming to reduce measurement errors that
eventually affect the assessment’s structural validity.

Given these findings, the score used as a global estimate of
the test performance therefore does not represent a uniform
theoretical construct. However, this score as a proxy for sub-
jectively rated goalkeeping talent (i.e., the criterion), shows
higher diagnostic power in classifying the GKs compared to
individual tests, thereby enhancing the concurrent validity. This
finding aligns with previous talent research which uses scores
computed from different (heterogeneous) tests to improve the
diagnostic and predictive power (e.g., Honer et al. 2015).

The highest diagnostic accuracy in identifying A-rated GKs
and moderate to large group-based mean differences between
A- and C-rated GKs indicate that the assessment is more suitable
for identifying the most talented individuals. In addition, the
somewhat higher effect sizes found at T2 reveal associations
with the paradigm of testing the limits used in cognitive diag-
nostics (Baltes et al. 2007). Specifically, more talented GKs out-
performed less talented individuals to a greater extent when
considering test data closer to a GK's baseline reserve capacity
(i.e., the upper range of an individual’s performance potential at
a given time point, Baltes 1987). Yet, the available data does not
allow for clear conclusions on how close GKs were to their
baseline reserve capacity. Therefore, in line with strategies to
potentially improve the assessment’s test-retest reliability and
agreement, a longer time for familiarization, more test attempts,
or even practice seem worth evaluating in the future.

Adjusting the testing guidelines toward more attempts is,
however, not trivial as other factors could negatively affect the
repeated motor test performance (e.g., fatigue, decreasing con-
centration), or the practical feasibility (e.g. time needed).
Therefore, respective adjustments could make it necessary to
reduce the overall number of tests. This decision can be facili-
tated by comparing the effect sizes to identify tests with the
highest concurrent validity. In this evaluation and the pilot study
(Bergmann et al. 2021), the TSC shows the highest diagnostic
power across all talent groups. On a group-based level, there are
significant performance differences in the BWR | between
A-rated GKs compared to lower-rated groups, but not between
B- and C-rated GKs. The JBC and BWR Il discriminate A- and
B-rated GKs from group C with almost similar effect sizes. The
DBB and BTC fail to reach significance on a group-based level,
but the effect sizes are below the threshold of the analyses’
sensitivity. As far as adjustments in the testing guidelines do
not improve these tests’ concurrent validity, if the DBB remains
substantially affected by measurement error, and if the BTC still
shows a considerably lower factor loading compared to the
remaining tests, eliminating these tests from the test battery
should be contemplated.

To summarize, this study supports that the GK-specific
motor coordination assessment reveals the potential to sup-
port talent identification in football. However, the findings also
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hit at risks if the assessment’s psychometric weaknesses and
the resulting limitations for practical use are disregarded. Like
other assessments established in TID programs across sports
(e.g., Vandorpe et al. 2012; Faber et al. 2015; Matthys at al.,
2013; Sieghartsleitner, Zuber, Zibung, Conzelmann 2019), the
limited accuracy in assigning talented individuals underlines
that such assessments can only supplement and not substitute
experts’ subjective judgments. Yet, if the measurement error
can be reduced, reference values would allow for comparison
of GKs in the nationwide TID program, which represents
a valuable contribution to enrich the coach’s eye.

Limitations

Although the sample of youth GKs assessed in this study is large
compared to other studies, the sensitivity of analyses was still
limited. This limitation is particularly notable due to the pre-
selected sample, where small to moderate effect sizes (i.e., below
the study’s sensitivity) could still be relevant. Additionally, one
somewhat expected consequence of the short test-retest period
is considerable performance improvements from T1 to T2.
Achieving a longer, yet similar test-retest period across GKs was
not feasible due to the specific target group so this rather con-
servative approach was preferred. Furthermore, defining thresh-
olds for coefficients related tomeasurement error (e.g., CV, LoAs) is
difficult due to lacking studies using comparable assessments that
further evaluated the amount of ‘acceptable’ error while still
ensuring practically relevant validity. Additionally, ratings from GK-
coaches were used to operationalize a GK's talent as the criterion
variable for evaluating the concurrent validity of the assessment.
This was chosen because experts’ judgments are established and
often regarded as the most relevant approach for categorizing GKs
in terms of their talent in practice. However, it is important to note
that objective assessments are intended to enhance and supple-
ment these subjective evaluations (e.g., Honer et al,, in revision;
Sieghartsleitner, Zuber, Zibung, Conzelmann 2019), suggesting
that reliance solely on expert ratings may not yield the most
accurate method for identifying talent. Lastly, all analyses needed
to be conducted across four age groups. While the analyses on the
reliability and concurrent validity were controlled for covariates,
the exploration of structural validity was based on this age-
heterogeneous sample.

Future perspectives

Optimizing the assessment’s test-retest reliability and agree-
ment similarly like the concurrent validity may be achieved by
considering data closer to a GK's baseline reserve capacity (Weir
2005; Baltes et al. 2007). Therefore, future investigations on the
time point when a plateau in the test performance occurs in
different age and talent groups are required to potentially
optimize the testing guidelines. If these modifications do not
contribute to some test’s psychometric properties, their elim-
ination should be considered. In addition, the test’s purposeful
weighting (e.g., based on discriminant analyses) could further
improve the score’s diagnostic accuracy regarding different
practical purposes. After a few years, the present data will
allow for evaluation of the test battery’s predictive validity
which is one of the most relevant requirements to inform TID.
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As established and prognostically relevant objective and GK-
specific subjective assessments were already used in the DFB
TID program (Honer et al., in revision), the incremental validity
of this new assessment needs to be analyzed.

Finally, considering different processes that shape the talent
pathway (Williams et al. 2020), this study evaluates the assess-
ment’s potential to inform the identification of talented indivi-
duals within a pool of GKs already participating in a TID
program. Given the focus on motor coordination as one of
many indicators of a GK's giftedness (Gagné 2021), this assess-
ment could eventually inform the talent detection of subjects not
yet acting as a GK. This could address individuals already parti-
cipating as outfielders as well as children not yet playing
football.

Notes

1. Preckel et al. (2020) use the term aptitude that relates to, for exam-
ple, general and domain-specific abilities.

2. The COSMIN guidelines recommend the ICC to evaluate the relia-
bility. The ICC in a two-way random model (type consistency) leads
to the same results as Pearson’s r, if two measurements were
considered. Thus, Pearson’s r was preferred as it allows to control
for covariates due to the sample’s heterogeneity.

3. While these findings support a one-factor solution, it should be
noted that a two-factor solution reveals an eigenvalue of .989 and
65% explained variance. Thus, the recommendation for a two-factor
solution was just below the defined threshold of 1.0.
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