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Abstract 

The purpose was to study retention of nonvisual sensory skill and 
skill during visual feedback in the control of the football after a time period 
of one year. In total 12 young players from an elite boy football team 

years. The participants were available players from an intervention group 
(n=8) and a control group (n=4) in a previous study (study 1) that examined 
development of nonvisual sensory skill in football (Nilsson et al. 2018). The 
pre- and posttest in study 1 consisted of two sub-tests; 1) a stationary ball 
control test and 2) slalom course ball drive test. The posttest in study 1 was 
repeated one year later with the available players in the intervention and 
control group to investigate retention of nonvisual sensory skill. The results 
showed no significant difference between the post- test in study 1 and the 
retention test one year later in the intervention and control group in the 
stationary ball control test (p=0.667 and 0.689, respectively) or in the 
slalom ball drive test (p=0.582 and p=0.372, respectively). Corresponding 
results were seen between the post- and retention test when no visual 
restrictions were present. Conclusions. A significantly improved nonvisual 
and visual sensory skill in stationary ball control and driving the ball in a 
slalom course can remain over at least a 12-month period. 
 
Keywords: nonvisual sensory skill, football, ball control, performance, 
retention
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Introduction 
In a previous study (study 1) published in the LASE Journal 

(Nilsson, G rsoy & Hermansson 2018) significant improvement effects of 
nonvisual sensory skill in football was obtained among young elite male 
football players after a period of training. No significant training effect was 
seen in the control group. The aim of the present investigation was to study 
the retention of the nonvisual sensory skill and skill during visual control in 
football after one year without nonvisual sensory skill training. 

The hypothesis in study 1 was that the visual system is dominant in 
football and therefore it is plausible that other sensory systems get less 
stimulation in conventional football training. Due to the visual dominance in 
conventional football we assumed that the nonvisual system may not have 
developed enough in this context. Therefore, it was important to evaluate 
the potential of the nonvisual sensory system to adapt and cope with greater 
involvement in the control of the ball in football. 

It is obvious that the nonvisual sensory skill can supply information 
about whole body and segmental positions as well as orientation in space by 
means of the vestibular system, muscle spindles and joint receptors. In 
addition, the sensation of contact with external objects is supplied by means 
of receptors located in the skin projected to distinct areas on the sensory 
cortex (Latash 2008). Thus, the nonvisual system can handle balance, 
position of body segments, and contact with external objects such as a 
football. The nonvisual system functions in collaboration with the visual 
system but can, to a certain extent, also function alone in the control of the 
body.  

Learning was expressed as a significant improvement in nonvisual 
skill in the post-test, which indicates that the learning process of nonvisual 
sensory skill in football have occurred and formed permanent changes in the 
brain expressed as memory. Memory permits organisms to benefit from past 
experiences. Thus, the nonvisual sensory skill training among the players in 
the intervention group resulted in memory changes expressed in the post-
test performance improvements. However, it was not known how persistent 
over time these new formed memory structures were.  

The learning process in nonvisual skill indicates a substantial neuro-
cortical plasticity associated with changed peripheral afferent input 
(Merzenich et al. 1983, Bach-y-Rita 1986, Jenkins et al. 1990). This was 
also obvious in a study by Kapreli and co-workers (2009) where patients 
with unilateral anterior crucial ligament (ACL) deficiency from previous 
injuries affecting different tissues such as ACL can cause reorganization in 
the central nervous system including higher brain areas.
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The intention of the present investigation was to gain further indirect 
knowledge about the neural plasticity, learning and memory time limits by 
studying the retention of nonvisual sensory skill in football. 

 
Materials and Methods 

In total 12 young players from an elite boy football team participated 

participants were available from the intervention group (n= 8) and a control 
group (n= 4). The available players in the intervention group and the control 
group participated in a retention test one year after the post-test in study 1. 
In this test, the post-test and procedures from study 1 were repeated, and the 
results from the participating players in the post test and retention test were 
compared.   

The test procedures and training were approved by the players and 
their care takers. The design and procedures in the study were approved by 
the regional ethics committee of Uppsala, Sweden. 

Below, a shorter description of the test design and procedures are 
presented. For a more detailed description see Nilsson and co-workers 
(2018). 

Test design and procedures. Study 1 followed a pre- and posttest 
design in which the intervention group trained 30min specific nonvisual 
sensory skill training within the normal training three times a week during 
four weeks. Simultaneously, the control group got the same amount of 
training but conventional football training with full vision.  

The participants performed conventional warming up exercises 
before the pre- 
minutes with test exercises. Each test exercises were first performed with 
full vision and subsequently with visual restrictions. All tests were filmed 
with a video camera at 50Hz time resolution and the video recordings were 
stored for subsequent analysis. 

A pre- and posttest design including two exercises was performed: 
1. Stationary ball control. The participants tried to perform a sole and 

ball backward draw followed by a forward inside foot diagonal kick 
to the contralateral foot, repeating the same procedure completing 
one cycle 

2. Slalom course ball drive. The participants were instructed to drive 
the ball through a 16.5m long slalom course as fast as possible.  
Training design for the intervention and control group. All players 

in the intervention group wore specially designed glasses that restricted the 
vision of the ball during the whole training session of 30min. The control 
group exercised conventional football with full vision during the same
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amount of time as the intervention group exercised non-visual ball handling. 
Subsequently all players in the team (intervention and control group) 
continued with conventional team training. 

Retention test. After the post-test neither the players in the 
intervention group nor the players in the control group performed any 
nonvisual ball control training for 12 months. After this period nine players 
in the intervention group and four players in the control group took part in a 
retention test in which the same test procedures as in the pre- and posttest 
for stationary ball control and slalom ball drive were performed. The 
retention test was performed on the same type of artificial turf as the pre- 
and post-test. 

Statistics. Conventional descriptive statistics were used to calculate 
mean and standard deviation (SD). The statistical calculations were 
performed with an Excel software package. The statistical significance 
between the pre- 
t-test and the alpha level for assumed statistical significance was set to 0.01.  

 
Results 

In the stationary ball control test with visual restrictions, the results 
showed an eight percent but not significant improvement for the 
intervention group (p=0.197) between post- and retention test. 
Corresponding change for the control group was a thirteen percent but not 
significant (p=0.417) increase in performance compared to the posttest. The 
average number of ball drops for the intervention group in the posttest and 
retention test was 0.6 and 0.1, respectively. Corresponding number of ball 
drops for the control group was 1.0 and 0.3 respectively. In the test situation 
with no visual restriction the performance decreased with one percent in 
both the intervention and control group but the decrease was not significant 
(p=0.667 and p=0.689, respectively). In the ball drive test with visual 
restriction the results showed a nonsignificant reduction in performance of 
seven percent for the intervention group (p=0.275) between post- and 
retention test. Corresponding change for the control group was an eight 
percent non-significant decrease (p=0.587) in performance in the retention 
test. The average number of ball drops for the intervention group in the 
posttest and retention test was 1.0 and 0.4, respectively. Corresponding 
number of ball drops for the control group was 0.8 and 0.3 respectively.  

In the test situation with no visual restriction the performance in the 
slalom ball drive test improved with three percent in the intervention group 
but decreased with eight percent in the control group. These changes were 
not significant (p=0.582 and p=0.878, respectively). To summarize, there 
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were no significant differences between post-test and retention test results in 
the intervention group or in the control group. 

 

 

 
Figure 1 - and retention test of (A) 

stationary ball control test numbers of cycles in the wooden frame during 60 
seconds. Duration of slalom course ball drive (B) for the intervention group (n=8) 

and control group (n=4). 
 
 This was the case for both the stationary test and the slalom ball 

drive test with and without visual restriction. 
 

Discussion 
The players in the intervention group and control group performed 

conventional football training during the retention interval of one year. 
During this period nonvisual sensory skill training was not performed in 
either group. The performance during post-test stationary ball control and 
slalom ball drive test were not significantly different from the results in the 
retention test. This was true for both the intervention group and the control 
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group in the test of both nonvisual skill and skill with no visual restriction. 
Thus, it appears from the results in the retention test that the improved 
ability gained in the intervention group remained in the retention test after 
one year. It was also obvious that the control group remained on the same 
level as in the post-test. 

According to Baddeley (2012) memory can be viewed as two 
functional systems: working memory and long-term memory. The long-term 
memory, which is the memory system most applicable to the present 
situation are divided into three sub-systems (semantic, procedural and 
episodic) in which procedural memory is most likely to play a role in the 
development of nonvisual sensory skill in football. It is also argued that the 
long-term memory capacity is relatively unlimited (e.g. Chase & Ericsson 
1982). The long-term memory can be regarded as a relatively permanent 
storage repository of information and in this case nonvisual sensory 
information connected to specific football motor performance structures. 
The organization of how e.g. sensory information of different modalities is 
stored and the degree of resistance to time related memory loss is vital in 
this respect. It seems to be a common opinion that the memory structure can 
include different memory storage components and obviously also nonvisual 
sensory information (see e.g. Nee & Jonides 2011). The procedural long-
term memory enables us to respond to motoric demands that occur and 
perform learned and memory stored procedures to achieve given action 
goals. For example in football a stored and memory encoded nonvisual 

football player needs to drive the ball and simultaneously seek relevant 
visual information about the ongoing play. Thus, procedural long-term 
memory may inform us how to perform i.e. how to do it. 

Retroactive interference may cause memory reduction in the long-
term memory due to learning activities during the retention interval. In this 
study eventual retroactive interference from learned football actions other 
than nonvisual sensory skill during the retention period did not seems to be 
the case.  

There may be so that certain types of motor skills are remembered 
better over long period of times than other types. Continuous motor skills 
are typically more resistant to long-term memory reduction than are discrete 
skills. Driving a ball and stationary ball handling are both continuous serial 
motor skills and the high degree of retention may be related to this form of 
motor skill. However, visually remembered locations for limb movements 
will be different from those remembered kinesthetically (for review see 
Simmering, Peterson, Darling & Spencer 2008). 
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In the present study the practice contexts were in several ways 
similar to the test contexts. The encoding specificity principle, introduced 
by Tulving & Thomson (1973), state that the more the test context 
resembles the practice context the better the retention performance will be.  

In addition, it is reasonable to assume that the participant perceived 
meaningfulness in the training situation with the intention to remember 
(Crocker & Dickinson 1984). It may also be the case that the participants in 
the intervention group adopted effective cognition and ways to organize the 
memory storage (Starkes et al. 1987). Such factors may have had positive 
influence on the retention. 

These results indicate changes in the neuromotor system in the 
intervention group that are stable over time. At this stage it is not possible to 
pinpoint exactly where the changes and what changes in the neuromotor 
system that may have occurred. This information that the nonvisual sensory 
skill can be improved and sustained over time is important for practitioners 
in the design of this type of training and in the periodization of it. Future 
studies where the intervention period is longer and also repeated and varied 
will possible reveal new interesting features in the nonvisual sensory skill 
adaptation to training in football.  
 
Conclusion 

A significantly improved nonvisual and visual sensory skill in 
stationary ball control and driving the ball in a slalom course can remain 
over at least a 12-month period. 
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