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INTRODUCTION

Abstract

This study was aimed at assessing the effects of a 6-week intervention within a
training environment that uses special lighting conditions targeted to slow down
the visual processing speed of visual and visuomotor performance in professional
soccer players. Twenty-four soccer players (age=21.8+4.8years, 50% women)
from the under 18 and under 23 men's teams, and 1st Women's team of the
Sunderland Association Football Club participated in this study. Participants were
randomly assigned to the intervention and control groups, with the intervention
group performing 2-weekly 30-min sessions of specific soccer tasks with specific
lighting conditions using the Okkulo system (Okkulo™, okkulo.com), whereas the
control group performed the same training under normal lighting conditions. The
intervention group showed significant improvements in dynamic visual acuity
(p<0.001), recognition time (p=0.002), sensory reaction time (p < 0.001), motor re-
action time (p=0.002) and peripheral identification accuracy (p <0.001), whereas
no significant effects were obtained for stereopsis (p=0.05), peripheral identifica-
tion speed (p=0.17) and anticipation (p=0.22). In conclusion, a 6-week training
intervention using the Okkulo system improved several visual and visuomotor
skills in professional soccer players. Future studies will assess the transfer effects of
using this technology to on-field performance.
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Rapid and accurate visual processing is fundamental to per-
forming well in sport, especially in those disciplines where
athletes must gather information from the environment to
make correct decisions and execute motor actions to inter-
act with a ball or object. Because there is a finite delay in
responding to visual stimuli, athletes must predict where
a ball or object will be slightly in the future." Numerous re-
search studies have demonstrated a superiority in visual

and visuomotor abilities of athletes when compared to non-
athletes,® as well as a relationship between visual and visu-
omotor skills with different sport performance indicators.®
Due to the well-documented link between visual function
and sport performance, researchers from the fields of sport
science and optometry have investigated the effectiveness
of different sports vision training strategies on certain sports-
specific visual and cognitive abilities and in-game perfor-
mance.” Within the strategies followed for vision training,
programmes targeted at enhancing multiple object tracking
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abilities,® computerised visual training devices® and strobo-
scopic training'® have been demonstrated to have a positive
impact on visual and visuomotor skills and sport perfor-
mance. Indeed, many athletes have incorporated vision train-
ing programmes within their habitual training regimen as a
way to improve athletic performance.

Positive results have been obtained using stroboscopic
training in sport disciplines such as badminton," ice-
hockey,12 soccer' and handball,” among others. Evidence
from neurophysiological studies suggests that the effec-
tiveness of this strategy relies on the delay in visual motion
perception during stroboscopic eyewear,'® which results in
a more efficient processing of the visual information in the
long term,"" but it is also affected by a loss of visual infor-
mation. Research in the field of vision science has shown that
visual motion and flicker perception are affected by light ad-
aptation and thus can be manipulated by altering the level of
illumination.' The responses of both rods and cones speed
up in the light and slow down in the dark, so that at lower lev-
els of illumination, visual processing is slower. Cones, which
are mainly responsible for detecting balls and objects when
we fixate on them with our central vision (where rods are ab-
sent), can be approximately 50 ms slower in the dark.'8-20

A novel sports training environment has been devel-
oped by Okkulo™ (okkulo.com) that takes advantage of the
natural processes of human light adaptation by manipu-
lating the effective light levels in which athletes train. The
technology is based on training under lighting conditions
that slow down visual processing, after which the athlete's
visual performance and reaction times improve when
they return to normal lighting levels and normal process-
ing speeds. Okkulo mainly takes advantage of the slowing
down of the cones, but processing at low light levels may
also be affected by slower rods further away from central
fixation.”* To date, the scientific validity of this system
for the targeted purpose is limited to unpublished data
and the enthusiastic subjective reports of participants, and
thus, further testing is required with well-controlled exper-
imental designs. The current randomised controlled trial
was designed to determine the effects of a 6-week training
programme with the Okkulo system on visual and visuomo-
tor skills in professional soccer players. The main hypothesis
was that soccer players after training in the reduced light-
based environment (intervention group), where visual pro-
cessing and motion perception are slowed down, would
have significantly higher performance improvements on
the assessments of visual and visuomotor abilities than con-
trols when they return to normal lighting conditions.

METHODS
Participants
An apriori power analysis (G* Power [version 3.1.9],

psychologie.hhu.de/arbeitsgruppen/allgemeine-psych
ologie-und-arbeitspsychologie/gpower), considering a

Key points

« The study aimed to assess the effects of the
novel ‘Okkulo’ training method on professional
soccer players.

« The results of this randomised controlled trial
showed substantial improvements in visual and
visuomotor performance for the Okkulo-trained
athletes in comparison to controls.

« This study demonstrated that a 6-week training
intervention using the Okkulo system enhanced
some visual and visuomotor skills in professional
soccer players.

repeated-measures analysis of variance (ANOVA) with
the between-subject factor group (control, intervention)
and the within-subject factor time (pre, post), as well as
an a-level of 0.05, power of 0.8 and effect size (f) of 0.28
(60% of the effect size obtained by Hiilsdiinker et al.?%) pro-
jected a required sample size of 20 participants. Twenty-
four soccer players (mean age 21.8+4.8years, age range:
18-30years, 12 men and 12 women) were recruited to
participate in this study. The study was conducted with
the under 18years of age and under 23 years of age men's
teams (the four players recruited from the under 18 team
were 18years old at the beginning of the intervention),
and 1st Women's team of Sunderland Association Football
Club (AFC) in the UK. All were screened for the following
inclusion criteria: (i) visual acuity <0.00 log MAR in each
eye with their best refractive correction, (ii) no history or
presence of ocular surgery or disease based on a thorough
ocular history, slit-lamp and fundus examination, (iii) no
binocular, accommodative or oculomotor dysfunction, as
assessed by a visual examination performed by a board-
certified optometrist (PR) and (iv) being free of any physical
limitation that could compromise the tested performance.
The study protocol adhered to the Code of Ethics of the
World Medical Association (Declaration of Helsinki) and
was approved by the Institutional Review Board.

Experimental design and procedure

This experiment was designed as a 6-week interven-
tion study, with visual tests being performed prior to
and after the 6-week training intervention. The pre- and
post-intervention assessments were identical and in-
cluded eight different tests (see the subsection ‘Visual
assessment’). Participants were randomly assigned to
the intervention and control groups (1:1 ratio) by using
a random numbers generator (graphpad.com). Players in
the intervention group performed two weekly sessions
(30 min per session) with the Okkulo system (Okkulo™,
okkulo.com), whereas the control group performed the
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same training exercises using normal lighting conditions
(see Figure 1 for a schematic illustration of the experi-
mental protocol). Pre- and post-intervention tests were
conducted at Sunderland AFC training ground, as well as
training sessions with an Okkulo system built for the club.
Two players, one from each experimental group, suffered
a soccer injury during the course of the study, and thus,
they did not complete the investigation. A total of 22
participants (experimental group: 6 women and 5 men;
control group: 6 women and 5 men) performed all train-
ing sessions and were included in the post-intervention
assessment.

Visual assessment

For pre- and post-intervention visual assessments, the COI-
Sport Vision software (OptoSolutions—COlVision, optos
olutions.es) with a 55-inch screen (Samsung Flip Pro, samsu
ng.com) was used. This software provides assessment of
visual, cognitive and sensorimotor skills, and has been
used in previous investigations within the field of sports
vision.’*?” As indicated by Erickson,?® computer-based
evaluations permit assessment of visual, cognitive and sen-
sorimotor skills in athletes using a standardised procedure.
All visual assessments were performed with the COI-Sport
Vision software. The post-intervention assessments were
conducted between 2 and 5 days after the last training ses-
sion. In the current study, the following visual and visuo-
motor skills were assessed:

A Dynamic visual acuity (DVA): For assessing the smallest
identifiable size of a moving target, letter optotypes
with 100% contrast were presented. The movement
was set at an initial angular speed of 60 revolutions

—

24 soccer players

Experimental
group (N =12)

Visual a
assessment
Control group
dl Q (N=12)
N=12 N=12 -

[ ]
[ ]
[ ]

per minute (rpm). The computerised Wayne Rotator
system integrated in the COI-Sport Vision software was
utilised. The viewing distance for this test is 6m, and
letters of different sizes appear on the panel in front
of the subject. Participants were instructed to identify
the moving targets (four letters and one number) of
the line corresponding to visual acuity of 0.10 logMAR
while the speed decreases in steps of 1rpm per sec-
ond. The maximum angular speed at which subjects
can identify the five targets is recorded. Participants
were previously familiarised with the procedure, and
the targets were randomly changed across trials.
Recognition time: The ability to distinguish one stimu-
lus among a group of inputs that cause confusion. The
subject, who is 5m away from the screen, must identify
four numbers appearing in the centre of the screen (0.30
logMAR), which are surrounded by moving distractors
across the screen. Initially, the stimuli were presented for
a duration of 100ms, and if they were correctly identi-
fied, then the presentation time was decreased in 10 ms
steps until the participants was unable to recognise the
targets. Two trials were performed, and the minimum
time required for recognising the targeted stimulus was
considered for analyses.

Stereopsis: The ability to integrate images acquired via
each eye into a single three-dimensional image. This test
allows identification of the smallest stereoscopic dispar-
ity that the subject can distinguish, with results in sec-
onds of arc, using the bichromatic (red-green) binocular
dissociation technique. The subject stands 3 m from the
screen and has to indicate which of the five stimuli has
a degree of disparity (i.e., there is only one from the five
presented symbols). The disparity is reduced until ob-
taining the value of fine depth discrimination, with the
minimum disparity displayed by the software being 10s

22 soccer players

Visual
assessment

=%

S Q

N=10 N=12

[ ]
[ ]
[ )

Pre-intervention
assessment

FIGURE 1 Aschematicillustration of the experimental design.

6-week training intervention
(twice per week; 12 sessions)

Post-intervention
assessment
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of arc. When the subject failed to indicate the correct
stimulus, the order of the five targets corresponding to
the given disparity was randomly modified, and subjects
were asked again to ensure the endpoint for analysis.

D Reaction time (sensorial and motor): The ability to react
to a given stimulus. In the test, two targets appear on the
screen, and the athlete is asked to tap one of the targets
until it changes colour. At this point, he/she has to stop
pressing and tap on the other target as fast as possible.
The time from the target colour change to stop pressing
is computed as sensory reaction time, whereas the time
required for tapping on the second target is considered
as motor reaction time. Participants were instructed to
use their dominant hand.

E Peripheral identification: The ability to see objects in
the field of vision that were not in direct line of sight. In
this test, the subject must look at the target presented
in his/her line of sight (i.e., centre of the screen), and
different targets appear in the periphery. The targets
are circles (5cm radius) of different colours, with the
central reference circle being red and the peripheral
circles being of five different colours. Participants must
press the reference target as quickly as possible when
the same stimulus is presented in the periphery. The
results are recorded in terms of correct responses and
mean reaction time from a total of 32 trials performed.
The test is performed at a distance of 0.5m between
the subject and the screen. Targets are presented at
different eccentricities following a randomised order,
which was standardised to avoid differences across
participants.

F Anticipation: This aims to assess the ability to predict the
movement of objects. In this test, a moving object (a red
ball of 3.5cm radius) moves across the screen at a con-
stant linear speed, and then suddenly disappears. The
subject must touch the screen when he/she considers
that the target reaches the defined area (5 cm radius) on
the screen by predicting its trajectory. The goal is for the
subject to predict when the ball will pass through the
specified area by pressing a sensor. Ten trials were per-
formed, with speeds and movement trajectories being
randomly modified across trials, and the percentage of
correct responses considered to determine anticipation
performance. The allowed time error to count as a cor-
rect response regardless of the movement characteris-
tics was 30 ms.

Okkulo system

The Okkulo system has been designed to enhance ath-
letes’ visual processing while performing sport-specific
tasks. This technology permits the execution of training
drills under specific lighting conditions and with fluores-
cent materials that aim to cause a slowing down of the
response of the visual system. It is based on extensive

scientific evidence from laboratory studies showing the
impact of reducing the light levels on the visual processing
speed.18’19’23

Specifically, by varying the spectral composition and
intensities of the lighting, the processing speeds of the
cone and the rod photoreceptors in the human eye can
be modified. The ‘Okkulo’ light of 365 nm is largely in-
visible to the cones and rods but causes objects, such as
balls, to fluoresce, so that they can still be seen by the
photoreceptors despite the otherwise very low light
levels. Because of these light levels, photoreceptor pro-
cessing speeds are much slower than under normal light
levels by as much as 50ms for the cones.'®'® Rods are
absent in the centre of vision, so that processing where
athletes fixate depends mainly on cones. Rods may also
be involved in visual processing in the periphery (around
the centre). Rod vision relative to cones can be delayed
by up to 50-60 ms at very low light levels,? but at higher
‘mesopic’ levels at which rods and cones normally oper-
ate together, the delay can halved.?* Because visual pro-
cessing under the training conditions is slowed down,
athletes have less time to respond and so must recali-
brate their visual and visuomotor responses to interact
successfully with the ball or object.

In this study, four lighting conditions, corresponding
to the wavelengths depicted in Table 1, were used for the
intervention group. For the six-week intervention, partici-
pantsin the intervention group trained under the following
lighting conditions: week 1: blue-light, week 2: green-light,
week 3: red-light and week 4: ‘Okkulo-light’, while in weeks
5 and 6: red- and Okkulo-light conditions were used alter-
natively. Participants in the control group trained during
the 6-week intervention in the named ‘normal-lighting’
conditions (see Table 1). The illuminance levels of the dif-
ferent lighting conditions are shown in Table 1, which were
quantified in the main areas of interest with a calibrated
light meter (P-9710-1, Gigahertz Optik GmbH, gigahertz-
optik.com). The important lighting conditions are the
Okkulo-light and the red-light conditions for which the lux
levels are very low. The blue-light and green-light condi-
tions are brighter for the cones but also much brighter for
the rods.”!

The Okkulo system uses artificial light and emits some
light within the ultraviolet (UV) spectrum. Consequently, it
must meet the obligations of UV light exposure limit val-
ues defined by The Control of Artificial Optical Radiation at
Work Regulations 2010.3* An external assessment was con-
ducted by UV Light Technology Limited (uv-light.co.uk),
which concluded that 3h per day must be considered as
the exposure time limit for anyone not wearing UV block-
ing spectacles.

Intervention programme

Participants attended the training sessions twice per
week. The sessions were supervised by a trained Okkulo
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TABLE 1

Dominant wavelengths and illuminance levels in the principal lighting conditions used for this study. Okkulo refers to a novel sports

training environment developed to take advantage of the natural processes of human light adaptation.

Illuminance levels in the main areas of interest (lux)

Dominant Outfielder player Player view Ball (outfield area)
wavelength (nm) area (lux) (eye level) (lux) (lux)

Normal 555.5 903 38.68 64.48

Blue 450 18.47 0.53 0.77

Green 530 13.99 0.65 0.79

Red 630 0.18 0.09 0.16

‘Okkulo’ 365 0.49 0.10 0.18

Note: All measurements of illuminance were collected at the starting position of the player for the training exercises (see the Data S1). (i) For the ‘outfielder player area’,

the measurement was taken at the floor level. (ii) For the ‘player view (eye level)’, the light meter was positioned at 180 cm above the floor. (iii) The ‘Ball (outfield area)’

measurement was taken at the floor level with the ball placed 1 m from the light meter.

staff member who provided instructions on the training
exercises. Each session lasted approximately 30 min (this
time is well below the 3h of UV exposure time limit at
the level used in the system), and the lighting conditions
used for each training session have been explained in the
Okkulo system subsection. The athletes were required to
use only a set group of drills, which were designed to be
fitting for all positions on the pitch. Each drill was simple
and was to be completed individually with the Okkulo
coach. All sessions would use the ball machine for at least
part of the session. During the intervention programme,
players followed their habitual schedule, including their
daily training routine and matches. A detailed descrip-
tion with schematicillustrations of the exercises included
in the training sessions can be found in the Data S1.

Statistical analysis

Descriptive data are presented as means+standard de-
viation. The normal distribution of the data was checked
with the Shapiro-Wilk test and the homogeneity of vari-
ances with the Levene's test. Separate repeated measures
analysis of variance (ANOVA) with the group (control vs.
intervention) as a between-participants factor and time
(pre-and post-intervention) as the only within-participants
factor was performed for each dependent variable. Non-
parametric tests were used if a normal distribution was
violated, while in case of non-sphericity, the degrees
of freedom were corrected based on the Greenhouse-
Geisser method. When obtaining statistically significant
interaction effects, pairwise comparisons for paired and
independent samples were performed with the Wilcoxon
signed-rank and Mann-Whitney U tests, respectively. Both
tests are robust to outliers and do not require the homo-
geneity of variances assumption to be met.>* The mag-
nitude of the changes was reported by the rank-biserial
correlation coefficient (r), and the Holm-Bonferroni cor-
rection was applied for controlling the effects of multiple
testing. Statistical significance was set at an alpha level of
0.05.

RESULTS
Control analyses

To check for possible differences between groups, inde-
pendent t-tests were performed for athletes characteristics
(age and years of training) and the visual and visuomotor
parameters assessed (before training) in this study. This
analysis showed that there were no statistically significant
differences for any of these variables between groups (all
p>0.05).

Main analyses

Table 2 shows the descriptive and statistics values for the
different dependent variables assessed in this study.

Analysis of DVA showed statistically significant differ-
ences for the main effects of time and group (p=0.009,
n2p=0.29 and p=0.008, n2p=0.30, respectively) and the in-
teraction of time x group (p <0.001, n2p=0.49). Specifically,
the experimental group improved DVA (corrected p < 0.001,
r,=0.89), whereas no changes were observed for the con-
trol group (corrected p=0.30) (Figure 2a). For recognition
time, statistically significant differences were found for
the interaction time x group (p <0.001, n2p=0.51). Post-hoc
analyses revealed an improvement in recognition time for
the experimental group (corrected p=0.002, r,=0.79), but
not for the control group (corrected p=0.16; Figure 2b).
When considering stereopsis, there were no statistically
significant differences for the main or interaction effects
(time: p=0.94, n2p=0.01; group: p=0.14, n2p=0.10; and
time x group: p=0.05, n2p=0.17).

We also tested the effects of training with the Okkulo
system on sensory and motor reaction time. The analysis
of sensory reaction time revealed statistically significant
differences for the main effect of time (p <0.001, r]zp =0.58)
and the interaction timexgroup (p=0.004, n2p=0.34).
A significant improvement in sensory reaction time was
found for the experimental group (corrected p<0.001,
r,=0.89), whereas no significant changes were observed
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TABLE 2 Descriptive and statistics values for the visual and visuomotor skills assessed in this study. Data from both groups (control and
experimental) and time of measurement (pre- and post-training) are depicted.

Descriptive

(mean + standard deviation) Statistics (p-value; effect size [nzp])
Dependent variables Group Pre-training Post-training Time Group Time X Group
Dynamic visual acuity (rpm) Control 50.7+7.6 49.7+8.2 p=0.009 p=0.008 p<0.001
Experimental 54.8+3.2 59.6+0.9 nzp=°'29 r|2p=0.30 n2p=°‘49
Recognition time (ms) Control 68.2+38.2 83.6+20.6 p=0.12 p=0.07 p<0.001
Experimental 70.9+29.8 38.2+22.1 nzp:0.12 nzp:0'16 n2p=°'51
Stereopsis (seconds of arc) Control 32.7+18.5 43.6+36.4 p=0.94 p=0.14 p=0.05
Experimental 31.8+18.3 200+10.0 n’,=001 n’,=010 n’,=017
Sensory reaction time (ms) Control 436.2+40.3 417.9+29.0 p<0.001 p=0.14 p=0.004
Experimental 439.7+59.9 364.1+29.9 n2p=0.58 q2p=0,10 n2p=°'34
Motor reaction time (ms) Control 255.5+45.5 296.7+70.5 p=0.16 p=0.004 p<0.001
Experimental 255.8+49.3 177.3+33.9 n2P20'10 n2p=o'°34 n2p=°'52
Peripheral identification (N) Control 304+1.3 31.1+£0.9 p<0.001 p=0.10 p=0.02
Experimental 284+2.5 315410 n’,=0.46 n’,=013 n’,=0.25
Peripheral identification (ms) Control 1.62+0.30 1.55+0.47 p=0.03 p=0.14 p=0.17
Experimental 1.54+0.28 1.26+0.16 n?,=0.23 n’,=01 n’,=010
Anticipation (%) Control 17.4+20.1 19.5£20.9 p=0.14 p=0.15 p=0.22
Experimental 19.3£27.2 41.0+£30.1 nzp:O'H nzp: L nzp =0.08

Note: Statistically significant effects are in bold (p <0.05).

Abbreviations: ms, milliseconds; N, number of correct responses; rpm, revolutions per minute.
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groups. In panel (a), values higher than 0 indicate a better performance, whereas in panel (b), values lower than 0 represent a better performance.

rpm, revolutions per minute.

for the control group (corrected p=0.51; Figure 3a). For
motor reaction time, the main effect of group (p=0.004,
n2p=0.34) and the interaction effect of timexgroup
(p<0.001, n2p=0.58) yielded statistical significance. Post-
hoc analyses showed a reduction (improvement) of motor

reaction time for the experimental group (corrected
p=0.002, r,=0.89; Figure 3b).

For peripheral identification, the number of correct
responses and speed were analysed. The analysis of cor-
rect responses evidenced a significant effect for the main
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factor of time (p<0.001, n2p=0.46), as well as the interac-
tion timexgroup (p=0.02, n2p=0.25). Specifically, a bet-
ter peripheral identification performance (more correct
responses) was obtained for the experimental group (cor-
rected p<0.001, r,=0.88), whereas no significant differ-
ences were found for the control group (corrected p=0.64;
Figure 3c). For its part, peripheral identification speed only
revealed statistical significance for the main effect of time
(p=0.03, n2p=0.23). Lastly, the effects of training with the
Okkulo system on anticipation were examined, but both
main effects and the interaction were far from reaching
statistical significance (p > 0.14).

DISCUSSION

This study was designed to assess the effectiveness of a
6-week training programme with the Okkulo system on
visual and visuomotor skills in professional soccer play-
ers. The data show a significant improvement in sev-
eral of the skills tested in soccer players training with
the Okkulo system in comparison with active controls.
Specifically, the use of the Okkulo system was associated
with improvements in DVA, recognition time, reaction
time and peripheral identification accuracy. However, no
significant effects were found for stereopsis, peripheral
identification speed and anticipation. Taken together,
the implementation of a 6-week training programme
with the Okkulo system seems to affect some visual and
visuomotor skills positively.

An 8.4% improvement in DVA was found after per-
forming the 6-week training intervention with the
Okkulo system. This visual skill is of great relevance in

soccer, since players need to perceive multiple moving
stimuli (i.e., ball, opponents and teammates) during the
game. Indeed, athletes, in general, have demonstrated
superior DVA to non-athletes,>**> and this visual skill
has been associated with the ability to track multiple
moving objects and in-game performance.>**” Due to
the fundamental role DVA plays in sport performance,
researchers have assessed the effectiveness of different
vision training methods on DVA. For example, there are
results showing that stroboscopic vision training and in-
terventions based on oculomotor exercises led to better
DVA.*33° The present results show that a 6-week training
intervention with the Okkulo system was also effective
in enhancing DVA in professional soccer players. Future
studies are required to investigate the transferability of
these improvements to in-game performance.

The time required for processing visual stimuli plays a
pivotal role in sports performance, since faster processing
of visual information facilitates making the right decision
and executing a successful sports action.” In the current
study, a significant effect (improvements ranging from
10.4% to 59.9%) was found for the training intervention on
the time required to react to a static stimulus (i.e., sensory
and motor reaction times), the time required to detect a
moving target among confusion-inducing stimuli (i.e., rec-
ognition time) and the ability to accurately identify stim-
uli in the visual periphery (i.e., peripheral identification).
Evidence from stroboscopic and sports vision training
protocols, using optometric tests and neurophysiolog-
ical indices to assess visual processing speed, supports
the positive impact of these interventions on different
metrics of visuomotor reaction time in sport disciplines
such as badminton, ice hockey, football, volleyball and
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handball.'*>2>4%41 As shown for other vision training
procedures, these findings provide preliminary evidence
regarding the effectiveness of 6-week soccer-specific
training under Okkulo lighting conditions on measures as-
sociated with the accuracy and speed of visuomotor reac-
tions in soccer players.

A plausible physiological explanation

As previously explained, the speed of visual processing of
both cone and rod-mediated visual pathways depends on
light levels. Thus, the effectiveness of Okkulo is speculated
to be largely due to the natural processes of light adapta-
tion by which photoreceptors change their temporal in-
tegration times in response to changing light levels. This
stops them saturating as the light level increases but has
the added benefit of speeding up their responses.** The
Okkulo system uses lighting conditions designed to slow
down visual processing speed, with the result that the vis-
ual system must respond more quickly if the athlete aims
to perform a sporting task successfully. This ability to re-
spond more quickly may translate to an advantage when
the athletes return to the normally lit scenarios, since they
seem to have more time to respond. This study was the
first to assess the effects on athletes' visual performance
after conducting soccer-specific training in the Okkulo
system.

Stroboscopic training also improves the processing of
visual information while performing sport-specific activi-
ties.' Stroboscopic training has been demonstrated to be
effective in enhancing the athlete's visual system and ulti-
mately improving their performance on the field.!""2>#143
Researchers in the field of stroboscopic training argue that
the more limited visual information under stroboscopic
conditions forces athletes to create new mechanisms for
being able to react and make decision more quickly.* The
effectiveness of the Okkulo system does not limit informa-
tion per se, but instead slows it down, which is a different
and more natural strategy, since low light levels are expe-
rienced in the natural environment, whereas stroboscopic
flicker is not.

Limitations and future research

As with any discipline, the practice of sports vision train-
ing must be based on the best available scientific evi-
dence. The current study incorporates insights into the
effectiveness of a novel sports vision training strategy
on visual and visuomotor skills in professional soccer.
However, this is the first scientific study using this tech-
nology, and therefore, the findings must be interpreted
cautiously in this regard and corroborated in future in-
vestigations. As explained by Laby and Appelbaum,®
the main goal of sports vision training is that better
visual abilities underlie improved athletic performance.

Therefore, the development of well-controlled and suf-
ficiently powered studies using the Okkulo system for
testing the effects of this sports vision training strategy
on in-game performance is required. Also, the inclusion
of placebo control and interventions where the light
conditions are manipulated (i.e., using lights of different
spectral composition and intensity) should be investi-
gated to determine if these conditions cause different
training results. One of the strengths of the current study
is the inclusion of professional soccer players, which is
commonly challenging due to the logistic hurdles and
limited time availability. However, the external validity of
the current findings to other sport disciplines or levels
of sport performance should be tested in future inves-
tigations.” The observed effects may be particularly rel-
evant for sports where rapid and accurate processing of
visual information is crucial for successful performance
(e.g., racquet sports, volleyball, basketball or boxing).
Additionally, this training strategy could be beneficial
for skill acquisition in non-professional players, as it may
help lay a strong foundation for athletic development.

The incorporation of sports vision training procedures
is gaining interest, with athletes, clubs and federations
seeing the positive effects of incorporating these ap-
proaches for sports performance.” Due to the growing
interest of sports vision training, new technologies and
approaches are continually being developed to enhance
the internal and external validity of sports vision training
applications.® As indicated by Hadlow et al.** effective
sports vision training approaches should incorporate
sport-specific tasks and be logistically feasible and tol-
erable for athletes who generally have considerable time
constraints. In this regard, the Okkulo system allows the
integration of vision training into an athlete's habitual
training routine. The present data show that training
under specific lighting conditions targeted to slow down
visual processing is a valid alternative to enhance the
athlete's visual perception and reaction. While this tech-
nology may appear to be related to stroboscopic train-
ing, which is also targeted at enhancing the processing
speed in the long term by the manipulation of visual per-
ception with stroboscopic eyewear,'® its mechanisms of
action, which use the natural processes of light adapta-
tion, may be different. Nevertheless, these sports vision
training approaches open new avenues for enhancing
athletes’ visual and visuomotor skills by adaptations in
the visual system.

CONCLUSIONS

The findings of the current study show that a 6-week
training intervention using the Okkulo system, which is
targeted to slow down visual processing speed by the
use of specific lighting-conditions, has a positive effect
on several visual and visuomotor skills (i.e., DVA, recog-
nition time, reaction time and peripheral identification

85U8017 SUOWILIOD 8A11E81D) 8|qeot[dde auy Aq psuenob ke sajole YO ‘88N JO SaINJ 0} Akeiq18UI|UO /8|1 UO (SUONIPUOD-PUR-SLLIBY /W0 AB | 1M AlRIq Ul |UO//SdNY) SUORIPUOD pue SWie | 8yl 8es *[720z/2T/9T] uo ArigiTauliuo A|im Aisenlun 1ieoed spes Aq £2rET 0do/TTTT 0T/I0p/w0d As | im Akl jpul|uo//sdny wo.j pepeojumod ‘0 ‘€TETS.YT



RODRIGUES ET AL.

THE COLLEGE OF 9
OPTOMETRISTS

accuracy) in professional soccer players. This study pro-
vides a foundation for future research endeavours, in-
cluding the transfer effects of sports vision training with
the Okkulo system to on-field performance. Future stud-
ies using placebo control are also required to investigate
further the effectiveness of this novel vision training ap-
proach on different sport disciplines and levels of sport
performance, as well as assess the retention effects of
this training strategy.

AUTHOR CONTRIBUTIONS

Patricia Rodrigues: Conceptualization (equal); data cura-
tion (equal); methodology (equal); resources (equal); writing
- original draft (equal). Jack Woodburn: Conceptualization
(equal); project administration (equal); resources (equal);
writing - review and editing (equal). Alexander John
Bond: Data curation (equal); methodology (equal); writ-
ing - review and editing (equal). Andrew Stockman:
Conceptualization (equal); investigation (equal); method-
ology (equal); writing — review and editing (equal). Jesus
Vera: Conceptualization (equal); data curation (equal); for-
mal analysis (equal); visualization (equal); writing — original
draft (equal); writing — review and editing (equal).

FUNDING INFORMATION
There is no funding associated with the work featured in
this article.

CONFLICT OF INTEREST STATEMENT

Jesus Vera and Alexander Bond declare no conflicts of in-
terest. Patricia Rodrigues had flights and accommodation
paid for by Okkulo Ltd during testing. Jack Woodburn is a
full-time employee of Okkulo Ltd. Andrew Stockman is a
shareholder of Okkulo Ltd. The authors alone are responsi-
ble for the content and writing of the paper.

DATA AVAILABILITY STATEMENT
The data of this study are available from the corresponding
author, upon reasonable request.

ORCID

Jesus Vera (© https://orcid.org/0000-0001-8091-2373

REFERENCES

1. Whiting H. Acquiring ball skill: a psychological interpretation.
London: Bell & Hyman; 1969.

2. GaoY,Chenl,Yang SN, Wang H, Yao J, Dai Q, et al. Contributions of
visuo-oculomotor abilities to interceptive skills in sports. Optom Vis
Sci. 2015;92:679-89.

3. Vera J, Jiménez R, Cardenas D, Redondo B, Garcia JA. Visual func-
tion, performance, and processing of basketball players vs. seden-
tary individuals. J Sport Health Sci. 2020;9:587-94.

4. Romeas T, Faubert J. Soccer athletes are superior to non-athletes at
perceiving soccer-specific and non-sport specific human biological
motion. Front Psychol. 2015;6:1343. https://doi.org/10.3389/fpsyg.
2015.01343

5. Faubert J. Professional athletes have extraordinary skills for rap-
idly learning complex and neutral dynamic visual scenes. Sci Rep.
2013;3:22-4.

10.

1.

14,

15.

16.

18.

20.

21.

22.

23.

24,

25.

26.

Laby DM, Appelbaum LG. Review: Vision and on-field performance:
a critical review of visual assessment and training studies with ath-
letes. Optom Vis Sci. 2021;98:723-31.

Appelbaum LG, Erickson G. Sports vision training: a review of the
state-of-the-art in digital training techniques. Int Rev Sport Exerc
Psychol. 2018;11:160-89.

Romeas T, Guldner A, Faubert J. 3D-Multiple Object Tracking train-
ing task improves passing decision-making accuracy in soccer play-
ers. Psychol Sport Exerc. 2016;22:1-9.

Liu S, Ferris LM, Hilbig S, Asamoa E, LaRue JL, Lyon D, et al. Dynamic
vision training transfers positively to batting practice perfor-
mance among collegiate baseball batters. Psychol Sport Exerc.
2020;51:101759. https://doi.org/10.1016/j.psychsport.2020.101759
Wilkins L, Appelbaum LG. An early review of stroboscopic visual
training: insights, challenges and accomplishments to guide future
studies. Int Rev Sport Exerc Psychol. 2020;13:65-80.

Hulsdilnker T, Rentz C, Ruhnow D, Kasbauer H, Striider HK, Mierau
A. The effect of 4-week stroboscopic training on visual function
and sport-specific visuomotor performance in top-level badminton
players. Int J Sports Physiol Perform. 2019;14:343-50.

Mitroff SR, Friesen P, Bennett D, Yoo H, Reichow AW. Enhancing ice
hockey skills through stroboscopic visual training: a pilot study. Ath/
Train Sports Health Care. 2013;5:261-4.

Fortes LS, Faro H, Faubert J, Freitas-Junior CG, Lima-Junior D,
Almeida SS. Repeated stroboscopic vision training improves antic-
ipation skill without changing perceptual-cognitive skills in soccer
players. Appl Neuropsychol Adult. 2023;8:1-15.https://doi.org/10.
1080/23279095.2023.2243358

Wilkins L, Nelson C, Tweddle S. Stroboscopic visual training: a pilot
study with three elite youth football goalkeepers. J Cognit Enhanc.
2018;2:3-11.

Zwierko T, Jedziniak W, Opolska M. Electrophysiological evidence
of stroboscopic training in elite handball players: visual evoked
potentials study. J Hum Kinet. 2024;90. https://doi.org/10.5114/jhk/
169443

Hulsdlnker T, Fontaine G, Mierau A. Stroboscopic vision prolongs
visual motion perception in the central nervous system. Scand J
Med Sci Sports. 2023;33:47-54.

Hulsdlnker T, Gunasekara N, Mierau A. Short-and long-term stro-
boscopic training effects on visuomotor performance in elite youth
sports. Part 2: brain-behavior mechanisms. Med Sci Sports Exerc.
2021;53:973-85.

Stockman A, Langendorfer M, Smithson HE, Sharpe LT. Human
cone light adaptation: from behavioral measurements to molecular
mechanisms. J Vis. 2006;6:1194-213.

Rider AT, Bruce Henning G, Stockman A. Light adaptation controls
visual sensitivity by adjusting the speed and gain of the response
to light. PLoS One. 2019;14:e0220358. https://doi.org/10.1371/journ
al.pone.0220358

Osterberg GA. Topography of the layer of rods and cones in the
human retina. Acta Ophthalmol. 1935;6:1-102.

Gegenfurtner KR, Mayser H, Sharpe L. Seeing movement in the
dark. Nature. 1999;398:475-6.

Gegenfurtner KR, Mayser HM, Sharpe LT. Motion perception at sco-
topic light levels. J Opt Soc Am A. 2000;17:1505-15.

Stockman A, Sharpe LT. Into the twilight zone: the complexities of
mesopic vision and luminous efficiency. Ophthalmic Physiol Opt.
2006;26:225-39.

Stockman A, Candler T, Sharpe LT. Human scotopic sensitivity is
regulated postreceptorally by changing the speed of the scotopic
response. J Vis. 2010;10. https://doi.org/10.1167/10.2.12

Hilsdlnker T, Gunasekara N, Mierau A. Short-and long-term stro-
boscopic training effects on visuomotor performance in elite
youth sports. Part 1: reaction and behavior. Med Sci Sports Exerc.
2021;53:960-72.

Sanchez-Tena MA, Rodriguez-Alonso X, Martinez-Perez C,
Tornero-Aguilera JF, Clemente-Sudrez VJ, Sanchez-Ramos C, et al.
Comparison of visual skills between federated and non-federated

8518017 SUOWILIOD 3AIERID 3|t jdde auy Aq pausenob aJe ssole WO 88N 4O S3|nI oy ARIgITUIIUO A8|IM UO (SUORIPUOD-PUE-SWBHALID A8 | WA e1q 1 ]eu 1 JUO//SaNY) SUORIPUOD PUe SR L 3U} 835 *[7202/2T/9T] Uo Ariqiauliuo Ao|im ‘AisieAlun 1esoag spse Aq £2v€T 0do/TTTT OT/I0p/L00 A8 |1mAeIq1jeul uo//Sdny Wiy papeojumoq ‘0 ‘€TETSLYT


https://orcid.org/0000-0001-8091-2373
https://orcid.org/0000-0001-8091-2373
https://doi.org/10.3389/fpsyg.2015.01343
https://doi.org/10.3389/fpsyg.2015.01343
https://doi.org/10.1016/j.psychsport.2020.101759
https://doi.org/10.1080/23279095.2023.2243358
https://doi.org/10.1080/23279095.2023.2243358
https://doi.org/10.5114/jhk/169443
https://doi.org/10.5114/jhk/169443
https://doi.org/10.1371/journal.pone.0220358
https://doi.org/10.1371/journal.pone.0220358
https://doi.org/10.1167/10.2.12

*/OPO

27.

28.
29.
30.

31.

32.
33.
34.
35.

36.

37.
38.

39.

THE COLLEGE OF

LIGHT-BASED INTERVENTION IN SOCCER

) OPTOMETRISTS

athletes. IntJEnviron Res Public Health. 2023;20:1047. https://doi.org/
10.3390/ijerph20021047

Nascimento H, Alvarez-Peregrina C, Martinez-Perez C, Sanchez-
Tena MA. Vision in futsal players: coordination and reaction time.
Int J Environ Res Public Health. 2021;18:90609. https://doi.org/10.3390/
ijerph18179069

Erickson GB. Visual performance assessments for sport. Optom Vis
Sci. 2021;98:672-80.

Macleod D. Rods cancel cones in flicker. Nature. 1972;235:173-4.
Sharpe LT, Stockman A, MacLeod DIA. Rod flicker perception: sco-
topic duality, phase lags and destructive interference. Vision Res.
1989;29:1539-59.

Barbur JL, Stockman A. A photopic, mesopic and scotopic vision and
changesin visual performance. In: Dartt D, Besharse J, Dana R, editors.
Encyclopedia of the eye. Oxford: Academic Press; 2010. p. 323-31.
Office HMS. The control of artificial optical radiation at work regula-
tions. London: HMS Office; 2010.

Gibbons J, Chakraborti S. Nonparametric statistical inference: re-
vised and expanded. New York: CRC Press; 2014.

Yee A, Thompson B, Irving E, Dalton K. Athletes demonstrate supe-
rior dynamic visual acuity. Optom Vis Sci. 2021;98:777-82.

Jorge J, Fernandes P. Static and dynamic visual acuity and refractive
errors in elite football players. Clin Exp Optom. 2019;102:51-6.
Poltavski D, Biberdorf D. The role of visual perception measures
used in sports vision programmes in predicting actual game
performance in Division | collegiate hockey players. J Sports Sci.
2015;33:597-608.

Vera J, Redondo B, Molina R, Jiménez R, Dalton K. Relationship be-
tween dynamic visual acuity and multiple object tracking perfor-
mance. Perception. 2022;51:539-48.

Holliday J. Effect of stroboscopic vision training on dynamic visual
acuity scores: Nike Vapor Strobe Eyewear. All Grad Plan B Other Rep.
2013;262. https://doi.org/10.26076/201c-8992

Minoonejad H, Barati AH, Naderifar H, Heidari B, Kazemi AS, Lashay
A. Effect of four weeks of ocular-motor exercises on dynamic visual
acuity and stability limit of female basketball players. Gait Posture.
2019;73:286-90.

40.

41.

42.
43.

44,

Poltavski D, Biberdorf D, Praus PC. Which comes first in sports vision
training: the software or the hardware update? Utility of electro-
physiological measures in monitoring specialized visual training
in youth athletes. Front Hum Neurosci. 2021;15. https://doi.org/10.
3389/fnhum.2021.732303

Zwierko M, Jedziniak W, Popowczak M, Rokita A. Effects of in-situ
stroboscopic training on visual, visuomotor and reactive agility
in youth volleyball players. PeerJ). 2023;11. https://doi.org/10.7717/
peerj.15213

MacLeod DI. Visual sensitivity. Annu Rev Psychol. 1978;29:613-45.
Beavan A, Hanke L, Spielmann J, Skorski S, Mayer J, Meyer T, et al.
The effect of stroboscopic vision on performance in a football spe-
cific assessment. Sci Med Footb. 2021;5:317-22.

Hadlow SM, Panchuk D, Mann DL, Portus MR, Abernethy B. Modified
perceptual training in sport: a new classification framework. J Sci
Med Sport. 2018;21:950-8.

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Rodrigues P, Woodburn J,
Bond AJ, Stockman A, Vera J. Light-based
manipulation of visual processing speed during
soccer-specific training has a positive impact on
visual and visuomotor abilities in professional soccer
players. Ophthalmic Physiol Opt. 2024;00:1-10.
https://doi.org/10.1111/0p0.13423

8518017 SUOWILIOD 3AIERID 3|t jdde auy Aq pausenob aJe ssole WO 88N 4O S3|nI oy ARIgITUIIUO A8|IM UO (SUORIPUOD-PUE-SWBHALID A8 | WA e1q 1 ]eu 1 JUO//SaNY) SUORIPUOD PUe SR L 3U} 835 *[7202/2T/9T] Uo Ariqiauliuo Ao|im ‘AisieAlun 1esoag spse Aq £2v€T 0do/TTTT OT/I0p/L00 A8 |1mAeIq1jeul uo//Sdny Wiy papeojumoq ‘0 ‘€TETSLYT


https://doi.org/10.3390/ijerph20021047
https://doi.org/10.3390/ijerph20021047
https://doi.org/10.3390/ijerph18179069
https://doi.org/10.3390/ijerph18179069
https://doi.org/10.26076/201c-8992
https://doi.org/10.3389/fnhum.2021.732303
https://doi.org/10.3389/fnhum.2021.732303
https://doi.org/10.7717/peerj.15213
https://doi.org/10.7717/peerj.15213
https://doi.org/10.1111/opo.13423

	Light-based manipulation of visual processing speed during soccer-specific training has a positive impact on visual and visuomotor abilities in professional soccer players
	Abstract
	INTRODUCTION
	METHODS
	Participants
	Experimental design and procedure
	Visual assessment
	Okkulo system
	Intervention programme
	Statistical analysis

	RESULTS
	Control analyses
	Main analyses

	DISCUSSION
	A plausible physiological explanation
	Limitations and future research

	CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES


