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ABSTRACT

Introduction: The current study analysed the impact of spatial occlusion training on control and pass
accuracy in football. Occlusion was achieved using goggles that removed the sight of the lower limbs
and football as it was projected towards the participants.

Methods: Fifteen skilled male football players were randomly assigned to one of three groups;
Occlusion, Practice and Control. Participants were required to control a projected football, before
passing it to one of two designated targets, while concurrently identifying a series of randomly
generated numbers. Pass direction was determined by a directional arrow that accompanied each
number, which coincided with the football release. The study design consisted of a pre-test, training
intervention (400 trials), post-test and 2-day retention test. The performance was evaluated via three
variables: outcome error, control error and number call error.

Results: The results demonstrated a significant decrease in outcome error (p < 0.05) and number call
error (p < 0.05) for the Occlusion group from pre-test to post and retention test. No significant decrease
was experienced from post-test to retention test (p > 0.05), demonstrating a learning effect.
Conclusion: This suggests that reducing visual information during training may have a positive impact
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on performance once full visual conditions are restored.

Introduction

In sports such as football (association football), skills such as
anticipation and decision-making have been used to identify
the difference between elite and sub-elite players (Ward and
Williams 2003). The research method often used to analyse
these differences is visual occlusion, which is the process of
limiting the vision of an object, limb or critical information
source from the visuomotor workspace and can be classified
as temporal or spatial occlusion (Vickers 2007). Temporal
occlusion is the process of removing or masking visual infor-
mation over different time periods during a complex motor
task such as the milliseconds (ms) before and after ball-racket
contact for a tennis serve. This differs from spatial occlusion,
which removes specific sources of information from the visuo-
motor workspace such as a limb, racket, limb and racket or
torso during the execution of a complex motor task, such as
the tennis serve (Jones and Miles 1978; Abernethy 1990).
Subsequent to the research of Ward and Williams (2003);
a number of researchers sought to improve the search
behaviours of football players to impact on anticipation,
decision-making and reactive agility through video-based
temporal occlusion training (Poulter et al. 2005; Murgia
et al. 2014; Nimmerichter et al. 2015). The literature primar-
ily focused on improving football goalkeepers’ ability to
correctly identify the direction of a penalty kick (Poulter
et al. 2005; Savelsbergh et al. 2010; Murgia et al. 2014).
Initially, the research of Poulter et al. (2005) sought to
compare performance and visual search behaviours as

a function of instruction during the early stage of motor
learning. However, confounding results were demonstrated
with the placebo group experiencing a positive change
similar to that of the implicit and explicit group. One of
the primary factors for these results may be due to the
short intervention of a single day. Poulter et al. (2005) also
suggested that the extended viewing of general football
footage for the placebo group may have indirectly provided
a link between body position and ball direction. Contrary to
the results demonstrated by Poulter et al. (2005), others
demonstrated that those who took part in the video-based
training that highlighted critical information sources signifi-
cantly improved visual search behaviours (Savelsbergh et al.
2010), as well as those who took part in video-based tem-
poral occlusion training significantly improving prediction
accuracy for the direction of penalty kicks (Murgia et al.
2014).

The research of Nimmerichter et al. (2015) moved away
from goalkeepers’ in football and assessed decision-making
and on pitch reactive agility (Sheppard et al. 2006) of football
players following a temporal occlusion training intervention.
Results displayed a significant improvement in response time,
and response accuracy. Findings also demonstrated that par-
ticipants who took part in the temporal occlusion training
were the only group to significantly improve sprint times in
the reactive agility test. This may be as a result of participants
being able to identify postural cues that dictated the direc-
tional movement earlier in the reactive sprint test.
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To date, visual occlusion research in football has predomi-
nantly been focused on the impact of video-based temporal
occlusion on anticipation and decision-making skills (for an
overview in sport, see Mann and Savelsbergh 2015). Research
by Williams and Weigelt (2002) assessed the relationship
between vision and perception during lower limb interceptive
actions in two football studies with high-skilled and low-skilled
participants. The first study assessed the participants’ ability to
control a passed football, with the second study assessing
a football passing task. In study one, results demonstrated
that high-skilled participants were more consistent at orientat-
ing the non-kicking foot relative to the kicking foot at ball
contact. This suggests that high-skilled participants made
more gross postural adjustments based on information gath-
ered earlier in the ball flight. Findings from the second study
suggested that vision of the foot may be more important in
a passing task versus a control task, with the greatest decre-
ment in performance for the high-skilled group coming when
the final stages of ball flight and the foot were occluded. This
suggests that an ability to see the ball over the final propor-
tion of its flight is more important than having the sight of
the feet in a kicking task.

These results demonstrate a reliance on visual information
over the final stages of ball flight as performance decreased
during occlusion conditions. It is important to note that the
research of Williams and Weigelt (2002) was designed to
assess performance, rather than assess the potential training
benefits of lower limb occlusion. This is an important consid-
eration when looking at the practical implications of spatial
occlusion, as training in detrimental visual condition may
improve performance once full visual condition return. It is
also worth noting the change in use of temporal and spatial
occlusion across this research timeline, which now encapsu-
lates a more applied setting during the assessment and train-
ing of complex motor skills. This change provides a more
translational impact for the practical applications of visual
occlusion in sports such as football.

Current research suggests there is a significant reliance
on visual information during the performance of complex
motor skills in football (Williams & Weigelt, 2004; Fransen
et al. 2017). Unlike traditional visual occlusion research,
the current research served to assess the impact of
a training intervention designed to reduce visual informa-
tion available, using spatial occlusion goggles, on partici-
pants’ ability to control and pass a football while
concurrently directing visual attention outward. By incor-
porating a concurrent number call task, the current
research explored whether it is possible to improve the
performance of a complex football task while maintaining
or improving the ability to guide visual attention outward.
It was expected that those who used the spatial occlusion
goggles during the training intervention would benefit
through (i) a significant improvement in pass accuracy,
reducing outcome error, (ii) a significant improvement in
football control, reducing control error and (iii)
a significant improvement in concurrent number call
task, reducing number call error, once full visual condi-
tions were returned. A central element of the expected
results of the research was that any reduction experienced

in number call error would not occur as a result of an
increase in control or outcome error.

Methodology
Participants

Fifteen skilled male football players (M = 22.1 years, SD = 3.2)
were recruited for this study. Three of the participants were full-
time professional football players, with the remaining 12 playing
at the highest level of football at university level in Ireland.
Participants had a minimum of 12 years playing experience and
participated in a minimum of two pitch-based training sessions
per week with their respective teams. Sample size was deter-
mined by accessible skilled population and participant’s ability to
commit to six contact sessions across an 8-day period (Mdller
et al. 2015). Each participant had normal or corrected-to-normal
vision. Ethical approval was attained from the host institution’s
Research Ethics Committee.

Materials, apparatus and experimental set-up

The experimental design covered a 20 m x 6 m surface area
(Figure 1a,b). The set-up begins at the top of the testing area
where a portable projector, connected to a Dell laptop pro-
jected the required display on to the screen using Microsoft
Office PowerPoint presentation software.

The custom-built football projection machine was located
1 m behind the portable projector with a football rack contain-
ing white Nike (Size 5) footballs located to the right of this
apparatus. The tyres of the football projection machine that
facilitated delivery of the football rotated between 845-
855 rpm with a tyre pressure of 100 psi. A customised black
canvas cover was placed directly in front of the projection
machine in order to cover the sight of the portable projector,
the projection machine, the football rack and the ball feeder.
This was to avoid participants identifying pre-release cues for
the football. A 30 cm x 30 cm hole was cut out of the centre of
the black canvas to facilitate a clear and unobstructed passage
for football delivery.

The artificial grass playing surface ‘Synthi Green Sports
Surfaces Limited, Co. Cork, Ireland’ was located 1.5 m in front
of the black canvas and was 9 m x 3.7 m in size. Two small
custom-built goals (115 cm wide x 80 cm high), complete with
football nets attached to allow for multiple footballs to be
secured, were placed 4 m from the front of the synthetic grass
surface on both sides. A designated zone (2 m x 3.7 m in size)
that restricted participants from moving too close to the goals
was situated at the back of the playing surface. Participants
wore Sennheiser EK 100 lapel microphones ‘Sennheiser,
Marlow, United Kingdom' to facilitate the recording of the
audio output (i.e. number call task), which was synced with
a Sony HDR video camera located at the back of the testing
area to record testing sessions.

Procedure

This study was designed to analyse the impact of a training
intervention using spatial occlusion goggles ‘CU Sport, Tralee,
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Figure 1. a:Scaled overview of the entire experimental setup. b: Front and partial side view of experimental set-up design.
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Figure 2. Spatial Occlusion Goggles used by participants in the OCC Group
during the training Intervention.

Ireland’ (Figure 2) on controlling and passing a football in
a tailored football task. Participants were instructed to wear
their normal training gear including football boots to simulate
their standard training environment. On arrival, each partici-
pant was given an information sheet that outlined the study in
detail and related consent form. A lapel microphone was
attached to the participants during each testing phase with
the receiver wirelessly connected to the video camera.

Each test phase commenced with the participant standing
in the designated participant zone with a 5-s countdown, dis-
played in large red numbers, projected on to the screen at the
top of the testing area. At the end of the five second count-
down, a series of randomly organised numbers from 0 to 9
were projected in white on to the screen every half second.
Once the numbers began to appear, participants were
required to call every number that was displayed. A different
series of numbers was used for each test, with each series
counterbalanced for every participant. Participants were
informed that any number they missed would be recorded
as a number call error. Every 3, 4 or 5 seconds, a white arrow
would appear next to the number on the display pointing to
the right or the left. As the directional arrow appeared, the
tester fed a football into the ball machine to be projected
toward the participant; directional arrows were also randomly
organised. The footballs were fed with the same pattern facing
up each time for consistency of approach. The variation in
time of football delivery was to avoid participants developing
a rhythmic pattern to the testing phase. The speed of the
football at the point of release was 40 km/h with the football
landing 5.4m away from the ball machine. Participants were
allowed to self-select their dominant or non-dominant foot to
perform the task. Participants had one touch to control the
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ball and one touch to pass it in to one of the two small goals
as indicated by the arrow displayed.

Three familiarisation trials were conducted before the data
collection process commenced. The testing phases consisted
of 20 repetitions whereby the participants had to control and
pass a football into one of the designated goals. All partici-
pants completed a pre-test of 20 trials in full visual conditions
before being randomly assigned to one of three groups: spa-
tial occlusion — OCC (n = 5; Mean age = 21.4 years, SD = 2.7),
practice - PRA (n = 5; mean age = 22.2 years, SD = 1.4) or
control - CON (n = 5; mean age = 20.9. years, SD = 1.3).
Participants in the OCC and PRA groups subsequently com-
pleted a 4-day training intervention comprised of 400 trials;
each day consisted of 100 trials segmented into four sets of 25
trials. A trial was classified as the controlling and passing of
a football. The OCC group completed the training intervention
wearing spatial occlusion goggles designed to eliminate the
vision of the low-grade visual field, encompassing the lower
limbs and football as it reached the participants. The PRA
group completed the same training intervention as the OCC
group; however, they completed the training intervention
with full visual conditions available. The CON group com-
pleted the tests only. Following the training intervention,
each group completed the post-test and a 2-day retention
test which were identical to the pre-test with full visual con-
ditions available.

Data analysis

There were three variables selected for analysis; outcome
error, control error and number call error. Outcome error was
recoded when participants missed the designated target area
(goal) or passed the football into the wrong target area as
dictated by the arrow presenting on the screen. Control error
was recorded as any ball that travelled beyond a one-step
radius after the first touch, or any time the participants took
more than one touch to control the football. Number call error
was recorded as each number missed or called out incorrectly.
The use of a number call test such as this facilitated the
quantification of participants’ visual attention while concur-
rently performing the task of controlling and passing
a football.

A 3 group x 3 test ANOVA was conducted to analyse the
impact of the occlusion goggles training intervention on all
performance variables. The alpha level required for signifi-
cance for all tests were set at p < 0.05 with the confidence
interval level set at 95%. Partial eta squared was used to assess
effect size.

Results
Outcome error

A 3 group x 3 test ANOVA was also conducted to analyse the
impact of the training intervention on outcome error results.
There was a significant main effect for Group, Wilks Lambda =
63, F (2, 11) = 412, p = .035, nf, .36, accompanied by
a significant interaction effect for Group X Test, Wilks
Lambda = .45, F (4, 22) = 4.27, p = .040, nf, .33. The OCC

group was the only group to present a significant decrease
in outcome error (p < 0.05) from pre-test (5.2) to post-test (1.4)
and a significant decrease (p < 0.05) from pre-test (5.2) to
retention test (2.6) (Figure 4). There was also no significant
change from post-test to retention test (p > 0.05) for this
group, which demonstrates a learning effect. There was no
significant change evident for the PRA or CON groups.

Control error

A 3 group x 3 test ANOVA was also conducted to analyse the
impact of the training intervention on control error results.
There was no significant main effect experienced for Group,
Wilks Lambda =.99, F (2, 11) = 0.87, p = .918, nf, .015. However,
there was a significant interaction effect for Group X Test,
Wilks Lambda = .41, F (4, 22) = 3.12, p = .036, nf, .36. Despite
the interaction effect, there was no significant change for the
OCC group for any test. There was also no significant change
for the PRA or CON group across the testing period (Figure 5).

Number call error

Results from the 3 x 3 ANOVA showed a significant main
effect for Group, Wilks Lambda = .53, F (2, 11) = 4.96, p =
.029, r)f, 47, and a significant interaction effect for Group
X Test was also found, Wilks Lambda = .32, F (4, 22) = 4.20,
p = .011, nf, A43) for Number Call Error. Post-Hoc analyses
revealed a significant decrease in number call error for the
OCC group (p < 0.05) from pre-test (32.2) to post-test (8.6),
while further analysis demonstrated a significant decrease in
number call error (p < 0.05) from pre-test (32.3) to retention
test (10.8) (Figure 3). There was no significant change from
post-test to retention test (p > 0.05) for the OCC group, which
demonstrates a learning effect for this cohort. Despite
a decrease in number call error from pre-test (22.4) to post-
test (17.3), there was no significant change for the PRA group
(p> 0.05). There was no significant change experienced from
pre-test to retention test (p > 0.05) for the PRA group. There
was no significant change from pre-test to post-test (p > 0.05)
for the CON group or from pre-test to retention test.

Discussion

The purpose of the current research was to assess the impact
of spatial occlusion goggles on skilled football players’ ability
to control and pass a football. In addition, the participants’
ability to maintain visual attention on an external stimulus
while performing the assigned complex football task was
also of interest. Therefore, the experimental design was imple-
mented to assess how training in these detrimental viewing
conditions would impact participant performance once full
visual conditions were restored.

An analysis of results demonstrated that the OCC group experi-
enced a significant improvement in two of the three selected
performance variables by decreasing outcome error and number
call error. These results are similar to the findings of Savelsbergh
etal. (2010) who used video-based perceptual training to highlight
critical information sources and Murgia et al. (2014) who also
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explored a form of visual occlusion as a training intervention. The
significant improvements in visual search behaviour and perfor-
mance variables demonstrated by the perceptual training group in
the research of Savelsbergh et al. (2010) are comparable to the
significant improvement in outcome and number call variables for
participants in the OCC group in the current research. It is impor-
tant to note that the improvements experienced in search beha-
viours or visual attention did not arise due to the detriment of the

Retention Test

performance variable in both studies. Additionally, a significant
increase in the performance variable was experienced in the cur-
rent research demonstrating the benefits of spatial occlusion as
a training tool for football players.

Results obtained from outcome error in the current
research suggest that the use of spatial occlusion goggles in
an applied setting can positively impact performance.
Removing the sight of the later stages of ball flight and



6 (&) A. DUNTON ET AL.

lower limbs of the participants positively impacted perfor-
mance once full visual conditions were returned as pass accu-
racy error significantly decreased. Similar improvements were
also observed by Nimmerichter et al. (2015) when participants
performed an applied transfer test, originally designed by
Sheppard et al. (2006), to assess how temporal occlusion
training would impact the applied setting. The positive
improvements displayed in the applied setting suggests that
the use of temporal or spatial occlusion as a training interven-
tion may have a positive transfer to the game of football and
may be beneficial to performance.

Despite a significant decrease in outcome errors, no signif-
icant change was evident for control error across any group. It
was expected that the OCC group would experience
a significant decrease in control error following the training
intervention to support the work of Williams & Weigelt (2004),
where results showed that skilled participants were more
consistent at orientating the non-kicking leg based on infor-
mation obtained earlier in ball flight. A potential explanation
for the absence of a significant change for the OCC group was
the classification of control error. As previously stated, control
error was determined by the participants missing the ball or
having to take more than one step to pass the football after
their first touch rather than specific control techniques. The
purpose of this was to avoid suggesting that there is an
optimal way for participants to control a passed football.

Number call error data demonstrated that those in the OCC
group had significantly improved their ability to pick up infor-
mation from the screen display. The importance of random
number generation as a performance variable was grounded
in research conducted by Deubel and Schneider (1996) which
states that it is not possible to disassociate gaze and visual
attention. This means that eye movements coincide with an
obligatory shift of visual attention. The significant decrease in
number call error suggests that participants in the OCC group
were able to read the flight of the football earlier and conse-
quently direct more visual attention outward. The use of
spatial occlusion goggles in the current research, instead of
a temporal occlusion paradigm, guided the visual system out-
ward toward an external stimulus. It is important to note that
the decrease in number call error did not negatively impact
the other performance variables as a trade-off for visual atten-
tion. These results reinforce insights gained from Fransen et al.
(2017) who suggested that training in restricted visual condi-
tions would reduce a reliance on visual information while
performing complex motor skills. An important consideration
that strengthens the use of the spatial occlusion goggles as
a training tool is that there was no significant change experi-
enced by the PRA or CON groups across tests.

Results from the current research provide strong evidence
for the practical application of spatial occlusion goggles as
a training tool in football where the low-grade visual field, i.e.,
the lower portion of the total area of vision, is pertinent for
performance. There was no significant change observed for
the PRA or CON groups for any test or variable. However, there
were significant decreases in number call error and outcome
error in the OCC group, with no detrimental impact on control
error. If we can improve a players’ ability to place more visual
attention outward to the playing environment we create

greater opportunities for positional awareness and decision-
making. As the examination of visual occlusion as a training
tool continues to progress, future research in the domain
should address real-world tasks in a more ecologically valid
environment. The importance of an ecologically valid environ-
ment is highlighted in the performer-environment relation-
ship, which has previously been addressed by Araudjo et al.
(2006) where they explain the impact of interactions between
individuals on decision-making in sport. The spatial occlusion
tool used in the current study could assist with that progres-
sion from the laboratory to real-world settings and improve
the translational impact of future research.
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