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Movement phases

Shot execution time (ms)

Jump time (ms)

Bal fight time (ms)

Gaze behavior variables

Final fixation duration (ms)

Rel. final fixation duration (%)
Onset final fixation duration (ms)!
Offset final fixation duration (ms)t
Occlusion (ms)

Rel. occlusion (%)

‘Gaze on defender (ms)

Hits.

898 (107)
250(63)
990 (55)

433 (246)
48(26)
565 (209)
122 (140)
127 (86)
14(10)
0(0)

Uncontested

Misses

894 (96)
247 (61)
998 (57)

453 (202)
51(22)
565 (170)
111(131)
119(89)
13(10)
8(28)

Average

896 (100)
249(61)
994 (55)

443 (221)
49 (24)
560 (187)
116(133)
123 (86)
14(10)
4(20)

tCalculated refative to ball release with positive numbers indicating occurrence prior to ball refease.

Hits

819(99)
278(53)
1014 (60)

360 (181)
45(22)
503 (165)
133(120)
117 (70)
15(9)
61(70)

Contested

Misses

816(72)
276 (54)
1027 (69)

360 (206)
44.(26)
469 (202)
109(113)
114(73)
14(9)
49(84)

Average

817(82)
277(52)
1021 (64)

364 (191)
45(23)
486 (182)
121(115)
116(70)
148)
55(76)
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Group

Condition

Shot accuracy (%)
Movement phases

Shot execution time (ms)

Jump time (ms)

Bal fight time (ms)

Gaze behavior variables

Final fixation duration (ms)

Rel. final fixation duration (%)
Onset final fixation duration (ms)!
Offset final fixation duration (ms)t
Occlusion (ms)

Rel. occlusion (%)

‘Gaze on defender (ms)

Worse (n = 6)

Uncontested

56.3(9.8)

896 (92)
261(68)
985 (55)

440 (265)
48327.7)
501 (233)
61(64)
113(107)
127 (11.3)
000

Contested

41.0(13.8)

823 (67)
287 (54)
1017 (69)

332,(205)
40.1(24.5)
429(189)
96(84)
117 (@8)
14.3(10.9)
131(80)

tCalculated refative to ball release with positive numbers indicating occurrence prior to ball refease.

Uncontested

48.6(5.0)

890 (125)
239(67)
999 (64)

385 (137)
44.4(17.8)
574(115)
183 (164)
147 (67)
17.0(8.2)
00)

Better (n = 6)

Contested

61.8(9.3)

812(109)
270 (61)
1015 (69)

357 (169)
44.2(20.6)
533(159)
175 (138)
126 (55)
15.7/(7.0)
67 (76)
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Cognitive function

Working mermory (WM)

Executive function (EF)

Inhitition
Shifting/Switching
Divided attention
Selective attention

Sustained attention
Fluid inteligence
Crystaline inteligence
Processing speed

Short term memory (STM)

Reasoning

Description (and tests)

Alimited cognitive capacity that is responsible for temporarily holding information for active manipulation. Consists of visuospatial and
phonological components, which are supervised by a central executive. WM underpins any functions that require storage and use of
information. Digit, letter, and spatial span tasks that require information to be held dlring a simultaneous mental load (e.g., tone counting),
also N-back, Operation Span Task.

A multi-component construct that consists of a range of processes involved in the planning, organization, coordination, implementation,
and evaluation of many non-routine activites. Plays a key ol in allocating attention and higher-level functions. Wisconsin Card Sorting
Test, verbal fluency test.

A sub-function of WM and aspect of executive function which actively suppresses irrelevant or unwanted information. Stroop test, Posner
Flanker task, Go/NoGo.

An aspect of executive function responsible for switching between multiple tasks. May be a function of WM. Wisconsin Card Sorting Test,
Trail Making Test.

“The abilty to attend to and process two tasks or sources of information at the same time, e.g., two spatial locations. Reqires shifting
function. Multiple object tracking, dlual-task paradigms.

The abilty to attend to some stimuli while disregarding others that are irrelevant to the task at hand, for example, an individual's abilty to
search for a single letter among an array of distracting and irrelevant letters. Reqires inhibition function. Visual search, dichotic fstening.
One's abilty to maintain a focus of attention on one task for a sustained period of time. Sustained Attention to Response Task.

‘The domain general abilty to solve new problems and reason. Wechsler Adult Inteligence Scale, Raven's Progressive Matrices.

The abilty to use learmed knowledge and experience. Sentence completion, verbal classification.

Time taken to take in, process and respond to information. Can be domain specific, e.g., visual or verbal. Useu field of view, reaction
times, Paced Auditory Serial Addltion Test.

The temporary, limited capacity, passive store that holds information to be used in WM. Also referred to as episodic memory. Span tasks,
Corsi Block Test.

The process of making judgments or conclusions based on logical processing. Very similar to fid intelligence. Tower of London, Tower of
Hano.
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Device

Cogmed (www.cogmed.com/)

Lumosity (wwwumosity.com)

Posit Science (www.brainha.con)

Cognift (wwmw.cogrifi.com/)

NeuroTracker (www.neurotracker.net/)

Nintendo Brain Age (http://brainage.
nintendo.com)

Dynavision (www.
dynavisioninternational.corn)

Target participants

Children and adutts with memory and
attention problems.

General population and those with
memory deficits.

General population.

General population, and those with

declining function.

Athletes and miltary.

General population.

Medical, athletic and miltary.

Device description

Amarket leadler, Cogmed has been
adopted by numerous intervention
studies for memory and attention
impairments (e.g., Brehmer et 2l
2012; Akerlund et al., 2013; Dunning
etal, 2013).

One of the leading sources for oniine
brain training, providing over 40 brain
training games.

Two brain-training products from
Posit Science were identified in the
review, Brain Fitness and InSight,
which are now part of the BrainHQ
programme.

Iniialy focused on cogritive training
for driving performance, Cognifit
claims to measure, train, and properly
mornitor various appiied cognitive
skills and their relation to neurological
pathologies.

Used by elfte teams in sports such as
Soccer and American Football.
Training s based upon 3D muliple
object tracking (Pylyshyn and Storm,
1988) which reqires processing of
dynarmic stimui.

The first product to bring *brain
training’” to a mass market. based
largely on a 2003 book of puzzles
and exercises by neuroscientist Ryuta
Kawashima.

Designed to improve visuo-motor as
well as cognitive skils. The product is
marketed as a training apparatus and
asatool for concussion diagnosis,
rehabiltation, and retum to play
decisions.

Cognitive function(s) trained

WM capacity, general attentional
abilies.

Speed of processing, memory,
attention, flexbilty, and
problem-solving.

Speed of processing, WM.

Numerous cognitive skils including
working memory, divided attention,
and processing speed

Attention, WM, and visual information
processing speed.

WM capacity and associated
functions (e.g., concentration, focus).

Vision, cognition, motor control,
concentration, decision-making.

Delivery of training

Mobie and computer application.
Tasks are typical of traditional
cognitive tests, such as digit and
letter span and focus heaviy on
working memory. The tasks are
described as "adaptive,” as they
become progressively harder as users
improve.

Website and Mobile application. Uses
arange of games based on cognitive
tests, focusing on speed of
processing.

‘The speed of processing games used
by Posit Science are based on a
useful field of view task usedin a
large clinical trial (the AGTIVE tril, Ball
etal, 2002).

Online and mobile application. Visual,
auditory, and cross-modal tasks
including puzzles, problem soling,
and reaction time games.

The user tracks target 3D balls
among distractors, presented on a
3D television or in a VR headset. The
number of targets and speed of balls
adapiively increases with practice.

Available in “App” format and its
tracitional console-based platform.
Brain Age uses mini-games that
require players to complete math
problems quickly, read aloud, or
perform other spatial, verbal, and
arithmetic tasks.

Wall-mounted, computer-driven light
board ftted with 70 it buttons.
Requires users to recurrently tap the
buttons, when Iit, as quickly as
possible.
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Participant Highest level of competition World ranking at testing

1 Olympics* 5-10
2 Olympics* 5-10
3 Olympics 11-20
4 World Championships* 5-10
5 World Championships* 11-20
6 World Championships* 20-50
7 World Championships 100-150
8 G4 International competition* 20-50
9 G2 International competition* 100-150
10 G2 International competition* 50-100

*Denotes multiple times competing at the highest level of competition.
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Measure Pre-fight Fight Post-fight

Competitive State X
Anxiety Inventory-2

Heart rate X

Video X

Rating Scale of X
Mental Effort

Interview and

in-fight emotions

24 h post-fight
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Dimensions

Arousal (20 EUMs)

Mental challenge (38 EUMs)

Pressure (38 EUMs)

Competition

Themes

High individual arousal

High fight intensity

Problem solving

Opponent unfamiliarity

Difficulty executing own techniques/tactics

Task pressure

Opponent pressure

EUM examples

Feel ‘switched on’ and ready to figh
Feeling fast

Lift fight intensity to match opponen

Hypothesis test possible tactical/tec
Surprised by opponents actions

Opponent able to absorb attack

Under pressure due to the score

Defend high intensity attack from opponent

Thinking about tactics/techniques that might be useful

hnical solution

Unsure what tactics/techniques will be successful
Difficulty executing technique or tactic

Under pressure due to position on the court

Feel uncomfortable due to the aggressive nature of opponent

Concerned about head kick from opponent
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Dimensions

Low arousal (27 EUMs)

Low mental challenge (33 EUMs)

Training

Themes

Low individual arousal

Low fight intensity

Use established knowledge of opponent

Not challenged by opponent

EUM examples

Unsuccessfully attempt to enhance arousal level
Feeling sluggish

Low intensity attack from opponent

Avoiding engagement

Select tactic/technique based on prior knowledge of opponent
Anticipate opponents behavior based on prior knowledge
Able to absorb opponents attack

Have established attack/defense solution ready
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Variable Training Competition t statistic p Mean SE Cohen’sd 95% Confidence Interval

average average difference difference

Lower Upper
CSAI-2 cognitive anxiety 156.2 £ 3.74 17.3+£4.35 3.99 0.003* 2.1 0.53 1.26 0.91 3.29
CSAI-2 somatic anxiety 15.0 +£3.83 17.8 £ 4.85 3.38 0.008* 2.8 0.83 .07 0.93 4.67
CSAI-2 confidence 24.7 £ 4.67 21.6 £ 4.60 —2.99 0.015* —3.1 1.04 —0.95 —5.45 -0.75
Rating Scale of Mental Effort 77.5 +£27.87 102.5 + 26.79 2.43 0.038* 25 10.27 0.77 1.77 48.23
Ave pre-fight heart rate (BPM) 116.1 £ 7.06 129.0 + 8.93 3.44 0.007* 12.98 3.77 .09 4.45 21.51
Number of kicks 558 +£12.14 67.4 £13.23 2.57 0.03* 1.6 4.51 0.81 1.40 21.80
Peak IPD frequency (cm) 187.0+11.6 177.0 +8.23 —2.54 0.032* -10 3.94 -0.80 —-18.92 —1.08
Peak attack initiation IPD (cm) 206.0 + 18.97 188.0 + 13.98 —3.86 0.004* -18 4.67 —-1.22 —28.56 —7.44
*Denotes statistical significance (p < 0.05).





