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Abstract

The purpose of this study was to evaluate the reproducibility and
validity of two new tests designed to examine goalkeeper-
specific technique. Twenty-six goalkeepers (14.49 + 2.52 years
old) completed two trial sessions, each separated by one week,
to evaluate the reproducibility of the Sprint-Keeper Test (S-
Keeper) and the Lateral Shuffle-Keeper Test (LS-Keeper).
Construct validity was assessed among forty goalkeepers (14.49
+ 1.71 years old) by competitive level (elite versus non-elite),
after controlling for chronological age. All participants were
examined in vertical jump (CMJ and CMJ-free arms), accelera-
tion (5-m and 10-m sprint) and goalkeeper-specific technique.
The S-Keeper requires the goalkeeper to accelerate during 3 m
and dive over a stationary ball after performing a change of
direction in a total distance of 10 m. The LS-Keeper involves
three changes of direction and a diving save over a stationary
ball, in a total distance of 12.55 m. Performance was respective-
ly measured as total time for the right and left sides in each
protocol. Bivariate correlations between repeated measures were
high and significant (r = 0.835 — 0.912). Test-retest results for
the S-Keeper and LS-Keeper showed good reliability (reliability
coefficients > 0.88, intra-class correlation coefficient > 0.908
and coefficients of variation < 4.37%), even though participants
tended to improve performance when diving to their right side
(p < 0.05). Both tests were able to detect significant differences
between elite and non-elite goalkeepers, particularly to the left
side (p < 0.05). These findings suggest that the S-Keeper and
LS-Keeper are reliable and valid tests for assessing goalkeeper-
specific technique. Both protocols can be used as a practical tool
to provide relevant information about the influence of several
components of performance in the overall execution of a diving
save, particularly movement patterns, take-off movements and
possible asymmetries.
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Introduction

Soccer-specific skill tests are contemplated as objective
and reliable measures of skill proficiency (see compre-
hensive reviews (Ali, 2011; Russell and Kingsley, 2011)),
while being able to discriminate young soccer players
according to playing position, current level or future suc-
cess (Coelho e Silva et al., 2010; Huijgen et al., 2009;
Reilly et al., 2000; Vaeyens et al., 2006). Recently, drib-
bling speed, shooting accuracy and passing tests were
acknowledged as important discriminating factors be-
tween goalkeepers and outfield players, while fat-free
mass and ball control entered the model in middle and late

adolescence, respectively (Rebelo-Goncalves et al.,
2015). Available data comparing goalkeepers of different
playing standards (Gil et al., 2007; le Gall et al., 2010) are
limited to anthropometric and physiological characteris-
tics with the exception of one study (Rebelo et al., 2013),
where elite U-19 goalkeepers were largely differentiated
from their non-elite peers in ball control skill. However,
the distinctive technical demands of goalkeeping claim
the need for test measures regarding the performance-
related characterization of soccer goalkeepers (Ziv and
Lidor, 2011).

While their movement patterns are mainly charac-
terized by long periods of low intensity, soccer goalkeep-
ers are required to perform moderate-high intensity multi-
directional movements and a number of skilful actions.
Accordingly, the average number of sprint actions was
reported to be 2 + 2 with a total distance range between 0
and 15 m, with a higher prevalence of sprints of 0 — 5 m
reported in sixty-two goalkeepers from 28 teams in the
English Premier League (Di Salvo et al., 2008). One of
the most critical movements involved in goalkeeping is
the diving action. During the 2002 FIFA World Cup in
Korea and Japan (De Baranda et al., 2008), goalkeepers
performed up to 17 dives (6.2 + 2.7) per match. Accord-
ing to the same authors, the dive is associated to the lat-
eral save and situations of maximum intensity in which
the goalkeeper performs a parry or a fly. Diving motion
was analysed in four goalkeepers and it was found that the
more skilled players dived faster (4 m-s™ as opposed to 3
m-s™) and more directly to the ball (Suzuki et al., 1987).
The kinetic and kinematic characteristics of goalkeeper
making diving saves showed that asymmetries exist in the
movement patterns of goalkeepers according to the pre-
ferred or non-preferred side due to over rotational differ-
ences in the transverse plane (Spratford et al., 2009).

Hardly any information regarding goalkeeper-
specific skills can be found with the exception of a recent
study of Knoop et al. (2013) designed to evaluate the
reaction and action speed test (RAS) among thirty-four
German goalkeepers of different age groups and competi-
tive levels. Although the results of the RAS test have
successfully differenced the first goalkeepers and their
substitutes, the instrumental apparatus used in this study
(Knoop et al., 2013) is not easily accessible to coaches
and trainers. Therefore, simpler protocols are needed to
evaluate the particular technical skills involved in goal-
keeping.

The overall purpose of the current research was to
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develop and evaluate two soccer-specific tests designed to
examine goalkeeper-specific technique. The study was
divided in two parts: 1) to evaluate the reproducibility of
the Sprint-Keeper Test and the Lateral Shuffle-Keeper
Test; and 2) to examine the construct validity of the ap-
plied tests. The assessment procedure included measures
of test-retest reliability. Validity was ascertained by com-
paring two groups of young soccer goalkeepers of differ-
ent competitive levels, hypothesizing that elite goalkeep-
ers would perform better.

Methods

Participants and procedures

A total sample of sixty-six young male goalkeepers, all
Caucasians, participated in the current research (Table 1).
In the first part of this study, twenty-six goalkeepers
(chronological age: 14.49 + 2.52 years; accumulated soc-
cer training: 5.62 = 2.42 years; weekly volume of train-
ing: 5.8 £ 1.6 hours) completed the goalkeeper-specific
tests on two separate occasions to determine test-retest
reliability, with a week of interval between tests. In the
second part, a subsample of eighteen elite goalkeepers
(chronological age: 13.81 + 1.81 years; accumulated soc-
cer training: 6.00 = 1.82 years; weekly volume of train-
ing: 6.1 £ 1.5 hours) and twenty-two non-elite goalkeep-
ers (chronological age: 15.04 + 1.43 years; accumulated
soccer training: 6.64 + 2.44 years; weekly volume of
training: 5.8 = 1.3 hours) was used to examine the con-
struct validity. Elite goalkeepers belonged to the youth
department of two professional clubs and played at a
national level, while non-elite players were part of ama-
teur clubs and competed at a regional level. Chronological
age (CA) was calculated to the nearest 0.01 year by sub-
tracting birth date from date of testing. Soccer experience,
i.e. accumulated soccer training, and number of hours per
week devoted to soccer training and preferred diving side
were obtained by interview. None of the subjects reported
recent injuries.

Clubs and coaches were contacted and fully in-
formed about the nature of the study and the procedures
involving data recording. All subjects received a complete
explanation about the testing procedures and that they
could withdraw from the study at any time before giving
their verbal consent to participate. The study received
ethical approval from the Scientific Committee of the
University of Coimbra taking into account the standards

Table 1. Descriptive statistics for the total sample.

for sports medicine and the recommendations of the Dec-
laration of Helsinki.

The protocols for the specific tests for soccer goal-
keepers proposed and used in this study included typical
movements of goalkeeping (sprint, lateral shuffle, change
of direction and dive) that better mimic a game situation.
Therefore, an acceptable ecological validity can be as-
sumed. Besides, due to their simplicity and a minimum of
required equipment, the testing procedures were designed
to be easily available to coaches and trainers. The final
version of the applied tests resulted from an original
straight sprint and diving protocol. Adaptations occurred
during three experimental sessions with an independent
sample of six goalkeepers until the proposed tests
emerged to assess goalkeeper-specific diving technique.

All field protocols were performed between 15:30
and 19:30 hours, on artificial grass with the players
equipped with appropriate goalkeeper wear and soccer
boots. A standardized 10 minutes warm up, which includ-
ed jogging, a series of increasing intensity sprints, dynam-
ic stretching and specific goalkeeper ball drills, was per-
formed before the commencement. No static stretching
exercises were allowed before any test (Fletcher and
Monte-Colombo, 2010). Afterwards, a familiarization try-
out preceded the two trials. Each subject was instructed
and verbally encouraged to give their maximal effort
during all trials. The subjects had 2 or more minutes of
rest between 2 consecutive trials. Experimental conditions
were controlled for air temperature (14 — 23°C) and rela-
tive humidity (30 — 67%).

Short-term muscle power

The subjects performed two vertical jump protocols. The
first jump test consisted in the standardized counter
movement jump (CMJ) during which the subjects were
asked to keep their hands in their hips, to maintain their
body vertical throughout the jump, and to land with their
knees fully extended. The second vertical jump test was a
free counter movement, jump during which the players
freely swing the arms (CMJ-free arms). The vertical jump
performances were evaluated by means of an optical
acquisition system (Optojump, Microgate, Bolzano, Ita-
ly), developed to measure with 10°-second precision all
flying and ground contact times. The Optojump photo-
cells are placed at 6 mm from the ground and are trig-
gered by the feet of the subject at the instant of take-off
and are stopped at the instant of contact on landing.

n Range Mean sD
Min Max  Value SE (95% ClI)

Chronological age (years) 66 10.92 18.57 1449 0.25 (13.99 to 14.99) 2.04
Accumulated soccer training (years) 66 1.00 11.00 6.06 0.28 (5.50 to 6.62) 2.29
Weekly volume of training (h) 66 3.0 12.0 5.9 0.2 (5.6 t0 6.3) 1.5
5-m sprint () 66 1.04 1.45 1.22 0.01 (1.20 to0 1.25) 0.10
10-m sprint (s) 66 1.82 2.53 2.07 0.02 (2.03t0 2.12) 0.17
CMJ (cm) 60 17.85 46.10 30.63 0.87 (28.89 to 32.38) 6.76
CMJ-free arms (cm) 60 1845 5225  36.58 0.97 (34.63 t0 38.52) 7.53
S-Keeper Right (s) 66 1.79 2.76 211 0.03 (2.06 t0 2.17) 0.21
Left (s) 66 1.81 2.74 2.10 0.02 (2.05t0 2.14) 0.19
LS-Keeper Right (s) 66 3.91 5.88 4.72 0.06 (4.60 to 4.83) 0.48
Left (s) 66 4.07 5.76 4.72 0.06 (4.60 to 4.83) 0.45
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Then calculations of the height of the jump were made
(Komi and Bosco, 1978).

Acceleration was evaluated using two sprint
tests, involving straight sprinting of 5-m and 10-m as fast
as possible from a standing start position. Time was rec-
orded using a system of dual infrared reflex photoelectric
cells (Polifemo; Microgate). Players began from a stand-
ing start, with the front foot 0.5 m from the first timing
gate. The best result of the two trials for both vertical
jump and acceleration were retained for the statistical
analysis.

Sprint-Keeper Test

The first protocol was proposed to examine diving tech-
nique, involving moving as fast as possible in the direc-
tion of a stationary ball after performing a change of di-
rection, in a total distance of approximately 10 m. The
Sprint-Keeper Test (S-Keeper) was composed by the
following successive phases: a) accelerating from a static
standing position; b) sprinting in a straight direction; c)
turning the cone while performing a change of direction
and finally d) diving to catch a stationary ball. The subject
who failed to catch the ball with both hands had to repeat
the test. Two electronic timing gates (Polifemo; Micro-
gate) were set up with the first gate at the start line (0 m),
and the second one at a distance of 7 m to the side at a 45°
angle to the marked cone, placed at a distance of 3 m in
front of the starting point, according to the schematic
representation in Figure 1 — panel A. The first pair of the
electronic timing system sensors mounted on tripods was
set approximately 75 cm above the floor and positioned 4
m apart, while the last pair was set approximately 10 cm
above the floor. The ball centre was placed at a distance
of 11 cm from the beam and at 8 m from the end line. S-
Keeper performance was assessed for both sides and two
trials were completed for each side. The best result of the
two trials for each side was retained.

Lateral Shuffle-Keeper Test

A second protocol was proposed to assess the diving
technique, involving three changes of direction and two
forms of displacement: frontward and lateral shuffle, in a
total distance of approximately 11 m. The Lateral Shuffle-
Keeper Test (LS-Keeper) was composed by the following
successive phases: a) accelerating from a standing posi-
tion; b) sprinting in a straight direction toward the cone A
placed 3 m in front of the starting point; c) facing forward
and without crossing feet, shuffling (lateral) toward the
cone B (2 m) and then back to the cone A, always giving
the inside to the cones; d) diving to catch a stationary ball.
In case, during the execution of a trial, the goalkeeper was
crossing one foot in front of the other or failing to catch
the ball with both hands, the trial was not considered and
the subject invited to repeat it. Two electronic timing
gates (Polifemo; Microgate) were set up with the first gate
at the start line (0 m) and the second one at a distance of 2
m to the side from cone A (placed 3 m in front of the
starting point) and 5 m to the front, as shown in Figure 1
— panel B. The first pair of the electronic timing system
sensors mounted on tripods was set on the start line ap-
proximately 75 cm above the floor and positioned 4 m

apart, while the second pair was set approximately 10 cm
above the floor. The ball centre was placed at a distance
of 11 cm from the beam and at 8 m from the end line. LS-
Keeper performance was assessed for both sides and two
trials were completed for each side. The best result of the
two trials for each side was retained for the statistical
analysis.

s
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Figure 1. Schematic representations of the (A) Sprint-
Keeper Test, and the (B) Lateral Shuffle-Keeper Test.

Statistical analyses

Descriptive statistics for CA, accumulated soccer training,
weekly volume of training, acceleration, vertical jump, S-
Keeper and LS-Keeper were calculated for the total sam-
ple. Reliability refers to the reproducibility of a measure
or variable in repeated trials on the same subjects
(Hopkins, 2000). Systematic bias between repeated
measures was assessed using the paired samples T-test
and effect sizes estimated (Rosnow and Rosenthal, 1996).
A selection of statistical methods was completed to assess
random error. Relative reliability was determined using
Pearson’s coefficients of correlation (r), reliability coeffi-
cients (R) (Mueller and Martorell, 1988), and intra-class
correlation coefficient (ICC). Absolute reliability was
determined using technical error of measurement (TEM)
and coefficients of variation (%CV). The Bland-Altman
procedures (Bland and Altman, 1986) were also conduct-
ed to determine limits of agreement (LOA) between ses-
sions. Limits of agreement can be seen as tolerance inter-
vals, and represent the test-retest differences for 95% of a
population (Atkinson and Nevill, 1998). Pearson’s corre-
lations between the means and differences of two trial
sessions with accumulated soccer training, weekly vol-
ume of training, acceleration, vertical jump and goalkeep-
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er-specific technique were calculated for both protocols
according to diving side, after controlling for CA.
Construct validity refers to the degree in which a
protocol measures an hypothetical construct and it can be
measured by comparing two different groups of subjects
with different abilities (Currell and Jeukendrup, 2008).
So, comparisons between elite and non-elite goalkeepers
were performed after controlling for CA. Coefficients
were interpreted as follows: trivial (r <0.1), small (0.1 <r
< 0.3), moderate (0.3 <r < 0.5), large (0.5 <r <0.7), very
large (0.7 <r < 0.9), nearly perfect (r > 0.9) and perfect (r
= 1) (Hopkins et al., 2009). The smallest worthwhile
difference (SWD) was determined using the Cohen’s d
effect size, representing the magnitude of improvement in
a variable as a function of the between-subject standard
deviation (SWD = 0.2 x between-subject standard devia-
tion of young elite and non-elite goalkeepers)
(Impellizzeri and Marcora, 2009; Impellizzeri et al.,
2008). The true effect was considered unclear whenever
the chance of benefit and harm were both >5%. Magni-
tude-based inferences about effects were qualitatively
determined by the following thresholds: <0.5%: most
unlikely; 0.5-5%: very unlikely; 5-25%: unlikely; 25—
75%: possibly; 75-95%: likely, 95-99.5%: very likely;
>99.5%: most likely (Hopkins et al., 2009). Statistical
significance was set at p < 0.05 and all analyses were
carried out using the Statistical Package for the Social
Sciences for Windows (SPSS v.22.0, Chicago, IL, USA).

Results

Mean results between the two trial sessions were similar
for both tests when executed to the left side (Table 2).
However, repeated measures for S-Keeper and LS-Keeper
were significantly lower in the second trial session when
performed to the right side (p = 0.010; p = 0.000). These
differences were considered to be moderate (ES = 0.489)
and large (ES = 0.630), respectively.

Reliability statistics for the goalkeeper-specific
tests are presented in Table 3 and the Bland-Altman plots
illustrated in Figure 2. Bivariate correlations between
repeated measures of S-Keeper (r = 0.883; r = 0.876) and
LS-Keeper (r = 0.912; r = 0.835) were high and signifi-
cant. Test-retest analyses are quite similar for the proto-
cols and side variation: S-Keeper right (TEM = 0.09; R =

0.90; ICC = 0.937; LOA = -0.28 to 0.16), S-Keeper left
(TEM = 0.09; R = 0.89; ICC = 0.922; LOA = -0.23 to
0.29), LS-Keeper right (TEM = 0.19; R = 0.90; ICC =
0.950; LOA = -0.58 to 0.24) and LS-Keeper left (TEM =
0.20; R = 0.88; ICC = 0.908; LOA = -0.61 to 0.47). Data
also indicated a within-subject variance of 4.18%, 4.37%,
3.97% and 4.16%, respectively for test protocol and side.

Mean performance and differences between re-
peated measures in goalkeeper-specific tests were verified
according to diving side in Table 4. A weak to strong
association with acceleration was presented. Also, a weak
correlation was generally noted between accumulated
soccer training and the means and differences of two trial
sessions, particularly when performed for the left side. No
linear association was observed between goalkeeper-
specific tests and vertical jump.

When adjusted for the cofounder factor (CA), elite
goalkeepers were estimated to perform better in all varia-
bles and to present lower asymmetries (Table 5). Multi-
variate analysis of covariance noted a significant effect of
competitive level for the left side in both protocols (F =
6.111, p = 0.018; F = 5.322, p = 0.027). Nevertheless,
small differences were observed among goalkeepers in
the S-Keeper (d = 0.287; d = 0.219), while competitive
level had a trivial (d = 0.057) and moderate (d = 0.329)
effect in the LS-Keeper. The adjusted mean differences
were respectively 0.024 s and 0.114 s, resulting in unclear
to most likely trivial probabilities that reflect the uncer-
tainty in the true value. The critical values in the LS-
Keeper were 0.005 s (~0.11%) and 0.029 s (~0.62%),
after adjusted mean differences 0.136 s and 0.313 s were
estimated, reflecting likely to most likely trivial chances
of substantial differences between elite and non-elite
goalkeepers.

Discussion

The present research evaluated the reproducibility and
validity of two new goalkeeper-specific tests: the S-
Keeper and the LS-Keeper. The main findings regarding
relative reliability indicated a high correlation between
trial sessions, and high reliability for the applied tests (i.e.
coefficient of reliability and ICC). When comparing the
results of our study with previous literature assessing
goalkeepers during specific test (Knoop et al., 2013), the

Table 2. Mean (xstandard deviation, SD) at each trial session, mean differences between tests and respective 95% confidence

intervals and results of paired T-Test (n = 26).

Session 1 Session 2 1ean difference (95% CI) t df p ES

S-Keeper Right (s) 2.19 (.24) 2.13(.23) .06 (.02t0.11) 2.801 25 .010 489
Left (s) 2.13(22)  2.16(27) -.03 (-08t0.02) -1.152 25  .260 225

LS-Keeper Right () 481 (51)  4.64(.45) 17 (08t0.25) 4.059 25  .000 630
Left (s) 477 (45)  4.70 (.49) .07 (-04t0.18) 1313 25 201 254

Table 3. Correlations between trial sessions, technical error of measurement (TEM), coefficient of reliability (R), coefficient
of variation (%CV) and intra-class correlation coefficient (ICC) (n = 26).

r (95% ClI) p TEM R %CV  Value (95% ClI)
S-Keeper Right(s) .883  (.796 to.959) .000 .09 .90 4.18 937 0.860 t0 .972)
Left (s) 876  (.801 to .959) .000 .09 .89 437 922 (.826 t0 .96)
LS-Keeper Right(s) .912  (.828to .967) .000 19 .90 3.97 950 (.888 to .977)
Left (s) .835 (.587 to .967) .000 .20 .88 4.16 .908 (.795 to .959)
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Figure 2. Analysis of Bland-Altman plot of the goalkeeper-specific tests: panel A) S-Keeper right; B) S-Keeper left; C) LS-
Keeper right; D) LS-Keeper left. Mean, standard deviation bias, upper and lower limits of agreement are also presented.

S-Keeper and the LS-Keeper revealed higher values for
ICC and generally larger bias. The absolute reliability
statistics of our study suggested relatively little within-
subject variation and fall within the general recommenda-
tions regarding coefficients of variation (<5%) in time
trial protocols (Currell and Jeukendrup, 2008). Unlike
previous research (Knoop et al.,, 2013), the mean and
difference of two trial sessions in the S-Keeper and LS-
Keeper had a stronger association to acceleration rather
than to vertical jump performance. These differences can
be partially explained by the physical nature of the RAS
test (Knoop et al., 2013), where subjects were instructed
to react upon an optic signal by deflecting a ball placed in
one of the four angles of the goal, as opposed to our study
where goalkeepers were instructed to dive to a stationary
ball. A stronger relationship between diving to low balls
and horizontal jump or lateral jJump can be expected.

The use of paired samples T-test was able to detect
a systematic bias in both protocols, particularly when
goalkeepers dived on their right side. This tendency for
performance in retest to be better than the prior test could
suggest a general learning or fatigue effects of the tests
(Atkinson and Nevill, 1998). However, this trend was
curiously verified in the side that 53.5% of the subjects
reported as being their preferred diving one, while a 7.7%
of them referred it was indifferent to dive to the right or
left side. It is possible that an increased performance
between sessions was mostly related with individual’s
technical proficiency in the diving action, rather than
acceleration and vertical jump. In practical terms, this

means that in our study goalkeepers had an enhanced
efficiency in the ability to throw the body as fast and
further as possible to catch the ball on their preferred side.
The potential effect of the diving direction on the move-
ment patterns of elite goalkeepers has been previously
investigated (Spratford et al., 2009). The number of rela-
tionships exhibited by the thorax, pelvis, and hip kinemat-
ics, peak joint moments and centre of mass indicated that
the critical time period of the dive occurred at or before
the initiation phase as greater lateral rotation of the pelvis
and thorax was already evident at this point for the non-
preferred side. It is therefore reasonable to think that
measurement errors between sessions might be more
related to biological or mechanical variation (i.e. random
error) (Atkinson and Nevill, 1998).

Performance in diving saves is influenced by sev-
eral components (e.g. acceleration, deceleration, jumping,
change of direction, side preference and diving move-
ment), resulting in a combination of physiological, meta-
bolic, biomechanical and morphological aspects. For
instance, the technical execution during a change of direc-
tion could be conditioned by the players’ chronological
age and competitive level (Condello et al., 2013). In fact,
the capability of an individual to complete a relative short
ground contact time and generate force in a short period
of time, as well as the leg power generated during stretch-
shortening cycle, could be important factors to perform
rapid changes of direction (Haj-Sassi et al., 2011; Young
et al., 2002). In our study the dominant leg assessment
was not considered but asymmetry between lower limbs



Rebelo-Gongalves et al. 521

Table 4. Partial correlations between the means and the differences of two trial session in the goalkeeper-specific tests with
soccer experience, weekly volume of training and short-term muscle power, after controlling for chronological age (n = 26).

Right Left

(X;: variables) Y1: Mean Y2: Difference Y1: Mean Y2: Difference

Mivy  (99%Cl)  rpivyy  (99%C)  rpivg  95%Cl ryivgy  95%Cl
S-Keeper
Xy: Accumulated soccer training 127 -286t0.440 466 .194t0.716 417 .109to0.691 .432 .093to0.703)
X,: Weekly volume of training -086 -393t0.272 -.013 -387t0.377 -.108 -409t0.176 .164 -.126t0.412)
X3: 5-m sprint .503 163t0.746 .143 -238t0.491 .647 -.35710.834 .380 .004to.744)
X4: 10-m sprint .596 .162t0 .838 .054 -318t0.438 .798 -5131t0.918 .412 .032t0.827)
Xs: CMJ -189 -6291t0.373 -034 -428t0.376 -.214 -588t0.315 -.064 -.3791t0.276)
Xg: CMJ-free arms -316 -705t0.249 .002 -334t0.341 -.267 -.631t0.316 -.007 -.331t0.333)
LS-Keeper
Xy Accumulated soccer training 100  -.267to 435 -.027 -331to.252 .083 -274t0.399 .339 -.084t0.616)
X,: Weekly volume of training -051 -494t0.350 -.082 -528t0.348 -.113 -.495t0.267 .103 -.095to .428)
Xa: 5-m sprint 302  -114t0.651 .161 -305t0.514 245 -199t0.606 .310 .094 to .662)
X4: 10-m sprint 439  -001t0.729 .071 -393to.445 403 -.039t0.716 .290 .064to .677)
Xs: CMJ -136 -5371t0.362 .063 -.450t0.485 -.143 -540t0.362 -.058 -.580 to .345)
Xg: CMJ-free arms -195 -55610.337 .174 -314t0.567 -.212 -59610.331 .093 -.455 to .460)

Table 5. Means, adjusted means controlling for chronological age, results of ANCOVA, effect sizes, chances of benefit for
differences and qualitative inference between elite (n = 18) and non-elite (n = 22) goalkeepers.

Elite Non-elite ANCOVA . % Chances .

Mean (SD) AdjM SE Mean(SD) AdjM SE _F p o Magnitude SWD (%) ", ¢,  Qinfer
S-Keeper
Right (s) 2.10 (.18 2.054 .038 2.04 (.19) 2.078 .034 .202 .656 .287 Small .011(.51%) 36.7/51.9/11.4 Unclear
Left (s) 2.06(.16) 2.013 .033 2.09(.18) 2.127 .030 6.111 .018 .219 Small .007(35%) .2/99.8/.0  MLT
LS-Keeper
Right ()  4.67 (41) 4581 .100 4.64 (45) 4.717 .090 .948 .337 .057 Trivial .005(.11%) .0/100.0/.0 MLT
Left (s) 4.60(.35) 4.508 .097 4.75(51) 4.821 .088 5.322 .027 .329 Moderate .029(.62%) 11.5/88.5/.0 LT

AdjM= Adjusted mean; ES = Cohens’d effect size; SWD = Smallest worthwhile difference; B / T / H = Beneficial / Trivial / Harmful; Qinfer =

Qualitative inference; MLT= Most likely Tivial; LT = Likely trivial.

has been shown to influence performance in single leg
jumps (Sugiyama et al., 2014). A variety of training tech-
niques is therefore required in order to optimize the over-
all performance in diving saves, particularly by enhancing
the displacement before to perform a technical action, the
take-off movement and by reducing asymmetries between
diving sides (Condello et al., 2013; Haj-Sassi et al., 2011,
Mendez-Villanueva et al., 2011; Miyaguchi and Demura,
2010; Young et al., 2002).

In the second part of our study the construct validi-
ty was assessed by comparing the goalkeeper-specific
technique in two different groups of subjects. After con-
trolling for their CA, the elite goalkeepers groups resulted
to perform significantly better to the left side in both the
protocols applied in this study. Nevertheless, the competi-
tive level had a trivial to moderate effect on the goalkeep-
er-specific technique. Similarly to the results found in our
study, differences were observed in the RAS test pro-
posed by Knoop et al. (2013) for both the first and substi-
tute goalkeepers for the left side. In this regard, authors
presented a possible relationship between right-handed
goalkeepers and movement characteristics when diving to
the right corner, as they might be more self-confident,
precise and produce more acceleration. Moreover, a pre-
vious study to that of Knoop et al. (2013) suggested that
in skilled motor activities a right-leg dominance may be
found, although no marked lateral dominance in the take-
off leg was shown on isokinetic strength of lower limbs in
27 young men who exercised regularly (Miyaguchi and
Demura, 2010). Though it can be considered speculative,

once again our results suggest that asymmetries related to
the diving side might be influenced by individual jumping
performances and diving technique (Schmitt et al., 2010).
Accumulated soccer training or training volume may also
have an influence, since 52.5% of this subsample claimed
the right side to be their preferred, while 22.5% stated no
side preference.

A diving save is an action that goalkeepers can
perform according to the contextual dimension of the
defensive moment, such as shooting, crossing, through
ball and 1 vs. 1. Indeed, while performance in skilful
movements is one of the most important aspects in goal-
keeping, the tests proposed in the current study with the
aim to assess goalkeeper’s technique tended to be physio-
logical in nature (Currell and Jeukendrup, 2008). In this
regard, the distinction between “skill” and “technique”
has been highlighted (Ali, 2011). Skill involves the ability
to select and perform efficient and effective movement
patterns as determined by the contextual demands, where-
as technique refers to the ability to bring about pre-
determined results using a good pattern of movements.
Consequently, a higher discriminative validity should
include more complex protocols, involving anticipatory
perceptual-motor behaviours (Knoop et al., 2013;
Savelsbergh et al., 2002), with the risk to increase random
error.

For team sports, in which there is no linear rela-
tionship between testing measures and the performance
observed during a game, the smallest worthwhile differ-
ence (0.2 of the between-participants standard deviation)



522

Assessment of goalkeeper-specific technique

represents a sport-specific value beyond which a differ-
ence is likely to be important to detect in practical terms
(Currell and Jeukendrup, 2008; Hopkins, 2000). When
examining the overall performance of all the forty sub-
jects evaluated in the second part of our study (Table 5), it
would appear that those goalkeepers who were considered
to possess superior goalkeeping abilities were performing
better in both protocols — high construct validity (Knoop
et al., 2013). Nevertheless, chances of substantial differ-
ences between elite and non-elite goalkeepers are most
likely trivial. It is important to consider the influence of
several components of the S-Keeper and LS-Keeper to-
wards the overall performance, which suggest a kind of
caution to evaluate the goalkeepers only based on the time
to perform a predetermined technical skill.

The effectiveness of a long-term training program
requires the goalkeeper to excel in a wide range of physi-
cal, technical and tactical aspects, providing appropriate
game-related stimulus on short-term muscle power and
perceptual-cognitive skills. Although analytical forms
might be appropriate to introduce and consolidate tech-
nical contents in the period before middle adolescence, as
it seems to be optimal in the technical specialization
(Rebelo-Goncalves et al., 2015), it is desirable that the
training methodologies emphasize the development of
goalkeeping skills, in a balanced combination with tech-
nical learning aspects. The design of goalkeeper-specific
activities must consider that successful goalkeeping ac-
tions during a game are measured as an effective result of
physical and technical responses under temporal con-
straints. Finally, goalkeepers should ultimately be pre-
pared for anticipating the pathway and direction of the
kicked ball (Lidor et al., 2012) and to produce effective
actions in response to variation in visual information with
the aim of decreasing movement time (Dicks et al., 2011).

Conclusion

The current research supports a better understanding re-
garding performance-related characterization of soccer
goalkeepers through the development and evaluation of
two new goalkeeper-specific tests: the S-Keeper and the
LS-Keeper. Both protocols showed high reliability and
presented sufficient validity when comparing goalkeepers
by competitive level. Nevertheless, assessing diving tech-
nique through a predetermined action in direction to a
static ball placed on the ground compromises an individu-
al’s ability to respond to a game-related stimulus. Applied
research should incorporate anticipatory perceptual-motor
behaviours in order to achieve a better ecological validity
of the actions performed by goalkeepers (Lidor et al.,
2012; Savelsbergh et al., 2002). Also, the potential influ-
ence of the variability associated to anthropometrical
factors such as stature and the proportionality trunk/limbs
was not considered in the present study. The assessment
of diving technique can inform coaches and goalkeepers
about good movement patterns, take-off movements and
possible asymmetries between diving sides.
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Key points

e The S-Keeper and LS-Keeper are reliable tools to
assess goalkeeper-specific technique, even though
a systematic bias was verified when goalkeepers
dived to the right side.

e The S-Keeper and LS-Keeper were also able to
discriminate young goalkeepers by competitive
level, particularly when performed to the left side
after controlling for chronological age.

e The proposed tests are recommended as practical
instruments to assess and provide relevant infor-
mation about the influence of several components
of performance in the overall execution of a diving
save (e.g. previous displacement, movement pat-
terns, take-off movements and possible asymme-
tries).
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