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Facts!
•  1. Coordination problems – Vandorpe e.a. (2011)!

•  2. Elite sport – different sport till 14 year. 2,6 til 3,5 
different sport (Hill e.a., 2002; Vaeyens e.a., 2009)!

•  3. New theories about motor learning!

•  4. Positive relationship between sport and cognitive 
development(Verburgh, 2016; Van der Niet, 2015)�

Pathways 

•  Early specialization 

•  Late specialization 

•  Early engagement 

•  Diversification 

DEVELOPMENT!
FINDINGS!

!
(Gulbin et al 2013)!

DEVELOPMENT
FINDINGS 

DEVELOPMENT 
FINDINGS 

Cote (1999) 
Talent development!

•  “The sampling years (7-12)”!

•  “The specializing years (13-15)”!

•  “The investment years (16+)”!

Sampling Years 
High amount of deliberate play 

Low amount of deliberate practice 
Involvement in several sports 

 
1. Recreational participation                      2. Elite performance through through 

sampling   sampling 
  

3. Probable Outcomes 
Elite performance 
Reduced health 
Reduced enjoyment 

Early specialization  
and investment 

 
High amount of 

deliberate practice 
 

Low amount of  
deliberate play 

 
Focus on one sport 

 
 
 
 

3. Elite performance 
through  

     early specialization 

Investment Years 
High amount of deliberate practice 

Low amount of deliberate play 
Focus on one sport 

 
    

1. Probable Outcomes 
Recreational participation 
Enhanced physical health 
Enhanced psychosocial  

 development  
-  

2. Probable Outcomes 
Elite performance 
Enjoyment  
Physical health 

Specializing Years 
Deliberate play and practice balanced 
Reduce Involvement in several sports 

Recreational Years 
 

High amount of 
 deliberate play 

 
Low amount of  

deliberate practice 
 

Entry into sport 

17 
 
16 
 
15 
 
14 
 
13 
 
12 
 
11 
 
10 
 
9 
 
8 
 
7 
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ASM – sequence!

!
1. Better allround mover!
!
2. Allround mover becomes an 
athlete!
!
3. The athlete specializes !
!
4. The specialist is an athlete!

Why early 
engagement? 
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Multisports!

Donorsports!

Multisports!

Fransen et al.  (2012) 
Lesser hours similar result! Memmert et al 2010,  

High Ability studies, 21, 3-18 

Hockey, Football, Basketball, handball 
        Creative         Less creativeeplayer 

Total           6843                 5455 

Practise      3146                 3544             

Play            2857                 1954 

<14 Practise    977                          888 

<14 Play     1341                        842                 

•  Unconscious                   not skilled 

•  Conscious                       not skilled 

•  Conscious                       skilled 

•  Unconscious                   skilled 

13 

Implicit learning: performer is better 
equipped for stress situation and 

performance under pressure   
(Masters, 1992) 

Recent insigths 
different than traditional model 

Positive results:
 unconscious start of learning proces

implicit learning 



focus on result / movement outcome

external focus

'repeat without repeat’
differential learning

Stewart (2008) 
Do musicians have different brains? 

Clinical medicine, 8, 304-308!

•  Motor area larger in RHemi – left hand (fine motor 
behaviour)!

Transfer of learning  
Stockel, Wiegelt & Krug, 2011!

Training Group A starts with the dominant hand (right hand) , before 
changing to their non-dominant hand (Left Hand) (D-ND group),!

!
Group  B starts with the non-dominant hand (left Hand) , before 

changing to the dominant hand (rigth hand) (ND-D group). !
!

The results of a test after trainingg showed significantly larger 
learning gains for the ND-D group as compared to the D-ND group.!

!
Such order-of-practice effects for the acquisition of complex skills can 
be explained with hemispheric brain asymmetries for the processing of 

specific task requirements. !
	  

test 
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or nondominant hand was practiced. After the comple-
tion of all practice sessions, any difference observed in 
the dependent variable (i.e., dribbling speed) must be 
attributed to the difference in practice order.

This study lasted 6 weeks and included a pretest, 
eight practice sessions, a posttest, a retention test, and a 
transfer test. Both the retention test and the transfer test 
were conducted after one week without practice. All test-
ing and training sessions were arranged during regular 
physical education lessons in a school gymnasium. These 
lessons included basic exercises of ball handling and a 
number of different drills with the aim to (methodologi-
cally) improve participant’s dribbling abilities. 

In the pretest, participants were tested separately with 
their left and right hand (order counterbalanced across 
participants). Each hand was tested only once, unless 
participants made a mistake while performing the task, 
such as dribbling on the base of the javelin or leaving one 
out. Such error trials were repeated after the participant 
had recovered. The participant’s performance was as-
sessed on an individual basis. Before the first participant 
was tested, the experimenter demonstrated the dribbling 
skill with the left and right hand, and the participants 
had one practice trial with each hand to become familiar 
with the task procedure. Based on their pretest results, all 
participants were assigned to one of the two experimental 
groups, balancing the initial performance level between 
both groups. That is, the total times to finish the SDT 
in the pretest were transformed to a rank order from 
low to high values (averaged over both hands) and all 
participants on an odd rank were assigned to the D-ND 
group and participants on an even rank were assigned to 
the ND-D group.

In the learning phase (practice sessions), participants 
practiced basketball in their respective group under one 
of the two order-of-practice schedules. A total of eight 
practice sessions were administered over a period of 4 
weeks. Each session lasted for 45 min. The two groups 
practiced separately and according to their assignment 
(D-ND vs. ND-D). The children used either only their 
dominant or their nondominant hand for all the skills 
performed during these sessions. Each session followed 

a methodological procedure commonly used by practitio-
ners to teach children’s basketball (e.g., Mondoni, 2000; 
Vancil, 1996). The content of practice (i.e., the drills per-
formed) included different warm-up exercises, dribbling 
in various ways, a number of ball-handling skills other 
than dribbling, and different forms of game-play (using 
the part-whole-method). A complete list of the exercises 
used during the different practice sessions is provided in 
the Appendix. Most importantly, the content of practice 
and the amount of training in each session, as well as the 
number of repetitions for each exercise, were identical for 
both groups. However, they never practiced the standard-
ized SDT used as a test in this study, and no additional 
data were collected during the learning phase. Instead, 
we used the standardized test (i.e., SDT) to investigate 
the effects of hand-order during an otherwise regular 
basketball training schedule.

During the intervention, each drill and exercise had 
to be performed with the one hand for the first four 
sessions and with the other hand for the remaining four 
sessions, depending on the participant’s group affiliation. 
While the D-ND group first practiced with their dominant 
hand and changed to the nondominant hand, the ND-D 
group practiced in opposite hand order. The same drills 
of Sessions 1–4 were used again in Sessions 5–8 for the 
contralateral hand.

The posttest followed immediately after the learning 
phase was completed. Again, each participant was tested 
on an individual basis, performing the SDT with his or 
her left and right hand. The procedure of the posttest 
was similar to the one of the pretest. The retention test 
followed after 1 week without practice, and involved the 
left and right hand in the SDT. Testing for retention was 
done to look at more permanent changes in performance 
(i.e., learning; Schmidt & Lee, 2005). Furthermore, we 
were interested whether participants were able to use the 
newly learned skill under game-like situations (i.e., drib-
bling with both hands). Therefore, the transfer test re-
quired participants to perform the SDT using the left and 
right hand in an alternating fashion. More specifically, 
the participants were instructed to dribble around each 
javelin while using the outer hand. This required them 

start/ 
finish 150 c m between each javelin

Figure 1. Depiction of the experimental set-up of the Slalom-Dribble-Test, which required participants to dribble as fast as pos-
sible in a slalom-like movement to the last javelin and return to the initial position.
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to change hands and to perform a cross-over dribbling 
move after each javelin. This modifi cation was included to 
simulate a game situation, where it is important to shield 
the ball from a defender by bringing one’s body between 
the ball and the defender and dribbling the ball with the 
“outer” hand (i.e., the hand away from the defender).

Dependent Variables and Data Analysis

The total time (in seconds) that participants needed 
to fi nish the slalom obstacle course was measured by the 
experimenter and collected for each hand separately for 
the pretest, the posttest, and the retention test. This data 
was then submitted to a 2 (group: D-ND vs. ND-D) x 2 
(hand: dominant vs. nondominant) x 3 (test: pretest vs. 
posttest vs. retention test) analysis of variance (ANOVA), 
with repeated measures on the last two factors. The fac-
tor group was tested between participants. The three-way 
ANOVA was performed to analyze trials only conducted 
with one hand (primary SDT conditions in the pretest, 
posttest, and retention test). To analyze participants’ 
performance in the transfer task (i.e., dribbling while 
alternating between hands), a separate one-way ANOVA 
was calculated on the transfer test data. 

Results

One-Hand Dribbling (Primary SDT Conditions)

The total times needed to fi nish the obstacle course 
with the dominant, right hand for the D-ND group were 
9.38 s (pretest), 8.73 s (posttest), and 8.54 s (retention 
test), and for the ND-D group were 9.28 s (pretest); 8.15 
s (posttest), and 7.88 s (retention test). The total times 

with the nondominant, left hand for the D-ND group 
were 9.97 s (pretest), 9.08 s (posttest), and 9.28 s (reten-
tion test), and for the ND-D group were 9.94 s (pretest); 
8.72 s (posttest); and 8.30 s (retention test). Figure 2 
illustrates the greater rate of improvement (i.e., faster 
dribbling times) experienced by the ND-D group for the 
averaged total times, collapsed across the two hands across 
the series of tests. 

The analysis of the one-hand dribbling conditions 
yielded a signifi cant main effect for test, F(2, 100) = 31.61, 
p < .001, !2 = .38, indicating an improvement of the drib-
bling skill for all participants over the course of the study. 
The averaged dribbling times to fi nish the obstacle course 
were 9.64 s (pretest), 8.67 s (posttest), and 8.50 s (reten-
tion test). Simple contrasts revealed the difference of 0.97 
s between pre- and posttest and the difference of 1.15 s 
between pretest and retention to be signifi cant (both p < 
.001). The main effect for hand, F(1, 50) = 44.91, p < .001, 
!2 = .46, was also signifi cant, showing that the participants 
dribbled faster with their dominant, right hand (8.66 s) 
than with their nondominant, left hand (9.22 s). Most 
importantly, the Group x Test interaction proved to be sig-
nifi cant, F(2, 100) = 3.86, p < .05, !2 = .07. Simple contrasts 
were performed to reveal differences at the posttest and 
retention test level. The performance differences between 
the two groups in the posttest were not signifi cant. The 
difference of 0.82 s between the D-ND and ND-D group 
in the retention test, however, proved to be statistically 
signifi cant (p < .05), indicating shorter dribbling times for 
the ND-D group. The average dribbling times of the D-ND 
group improved from pre- to posttest by 0.77 s, and from 
pretest to retention test by 0.77 s. The improvement for 
the ND-D group was 1.18 s from pre- to posttest and 1.53 
s from pretest to retention test. These performance dif-
ferences between the two groups were obtained similarly 

Figure 2. Depicted are the average total times, collapsed across the two hands for the Slalom-Dribble-Test at pre-, post- and 
retention tests for the dominant-to-nondominant group (D-ND, solid circles) and the nondominant-to-dominant group (ND-D, 
open circles). 
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Bilateral practice improves dominant leg performance in long jump  

!

European Journal of Sport Science, 2016!
Vol. 16, No. 7, 787–793, !

!
!

ANNE FOCKE, SINA SPANCKEN, CHRISTIAN STOCKINGER, 
BENJAMIN THÜRER, & THORSTEN STEIN!

!
BioMotion Center, Institute of Sports and Sports Science, Karlsruhe 

Institute of Technology, Karlsruhe, Germany!
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ASM een betere beweger 
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een betere hockeyer 
worden 

leren presteren met een 
team 
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The Athletic Skills Program !
strives for !

optimal athletic fundamentals !
created !

by a structured and diversified !
training program !

!
!
!
      !


