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HOW THE BRAIN CONTROLS 

MOVEMENT

Perception
Action

>£1.5M research funding: Solutions validated with: 

>100 research publications:



Proprioception

OUR SENSES CONNECT US TO 
THE OUTSIDE WORLD



OUR SENSES ACT AS 
TRANSDUCERS



Perception Action

“WE MOVE TO PERCEIVE AND 
WE PERCEIVE TO MOVE”



FOOTBALL
CURVED FREE-KICKS



ROBERTO CARLOS 1997

DOES BALL SPIN AFFECT 
ANTICIPATION?



IMPORTANT: Behavioural realism
Participant responds as they would in real-life

“The laboratory must 

be like life”
- JJ Gibson, 1979 



Dessing & Craig, 2010

VIDEO DOES NOT REPLICATE THE 

PERCEPTION OF THE PLAYER

VIRTUAL REALITY ACCURATELY 
RECREATES PERCEPTION OF THE 

GOALKEEPER



Dessing & Craig, 2010
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SPIN MAKES IT DIFFICULT TO JUDGE 
BALL ARRIVAL POSITION



Dessing & Craig, 2010

FASTER REACTIONS ARE NOT 
ALWAYS BETTER



Valkanidis et al, 2020

THE ‘WALL’ OCCLUDES CRITICAL BALL 
FLIGHT INFORMATION



VIRTUAL REALITY HELPS 
UNDERSTAND PERFORMANCE

Spin makes it more difficult to anticipate 

ball flight

Faster reactions are NOT always 

better

Dessing & Craig, 2010

The Wall can negatively impact 

performance

Valkanidis, Craig et al 2020



RUGBY
SIDE-STEPS









Experts wait longer and are less ‘fooled’.
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Honest Signals

Deceptive Signals

Brault et al, 2010

Exaggerated

Minimised

Novices tune into Deceptive Signals

Experts tune into Honest Signals

Deceptive Signals



Action

Detecting 
Information

Action
Capabilities

Decision 
Making

Perception



BALANCE & GAIT



“We don’t stop playing because we 
grow old; 

We grow old because we stop 
playing.”

George Bernard Shaw



BALANCE ABILITY & AGEING

Risk of Falls

Increasing
0 1.0 2.0 3.0           4.0 5.0

72-89 yrs

54-71 yrs

36-53 yrs

17-35 yrs



GAMIFICATION OF TRAINING

Young et al, 2011

Balance Games
Nintendo Wii
Balance Board

ActionPerception





FES ABC Berg

Control -4% 6% -2%

Balance Training -13% 13% 9%
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VIRTUAL DOORWAYS
PERCEPTION



Virtual doorways cause freezing episodes in 
people with Parkinson’s.

VIRTUAL DOORWAYS
ACTION

No doorway Narrow doorway



Using virtual Footprints to cue gait in 
Parkinson’s.

VIRTUAL FOOTSTEPS
PERCEPTION GUIDES ACTION



“Virtual Reality can be used to induce 

Freezing of Gait”

“Dynamic virtual footsteps can be used 

to improve stride length and cadence”

Gomez-Jordana et al (2018a, 2018b)



✓FROM RESEARCH TO REALITY
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6 Degrees of Freedom 
(rotational data)

Accurate Head & Hand 
Tracking (<1mm)

VR CONTROLLERS CAPTURE MOVEMENT 
PERFORMANCE



Graphical user interface, text

Description automatically generated

https://www.mdpi.com/2075-4418/12/6/1409


INCISIV ENHANCING 
PERFORMANCE THROUGH PLAY

For Goalkeepers For Athletes

Measure & improve 
neural fitness

Train anticipation Train agility & evasion



TRAINING ANTICIPATION





TRAIN DIFFERENTLY – PRACTICE 

SAVING ANY TYPE OF SHOT



LEARN DIFFERENTLY USE INSTANT 

FEEDBACK TO CORRECT TECHNIQUE



ANALYSE DIFFERENTLY MEASURE 
WHAT THE EYES CAN’T SEE



COMPARE DIFFERENTLY – GIVE 
GOALKEEPERS EXACTLY SAME SHOTS

A picture containing graphical user interface

Description automatically generated

https://cleansheet-dev.incisiv.tech/home/session-analytics






IDENTIFYING TALENT ACROSS THE 
WORLD
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USING CLEANSHEET TO IMPROVE 
FITNESS



CLEANSHEET: MIXED REALITY



TRAINING AGILITY & EVASION



BIOLOGICAL MOTION

CAPTURING REALISTIC SIDESTEPS

MALE & FEMALE PLAYERS







MEASURING & IMPROVING 
NEURAL FITNESS



VIRTUAL REALITY CAN 
MEASURE NEURAL FITNESS

Perception
INPUT Action

OUTPUT



NEURAL FITNESS AFFECTS 
PERFORMANCE

FATIGUE

MOOD

INJURY

CONCUSSION

DRUGS

ANXIETY



Profile

Rehabilitate

Train



• Suite of sport specific VR tests

• Profile and measure neural fitness 

• Benchmark performance to different 

contexts (pre-post injury; team/population; 

sport; position; age; gender; level of 

development)

Quality data to identify opportunities for 
development

PROFILING



Player 2 days post Head injury





• Increased athlete engagement 

• Progress tracked independently

• VR sessions customized for each athlete

Athlete returns to competition quickly & 

safely 

REHABILITATION

Stafford et al, 2022



Charting Return to Play in Balance task

X = Post-Injury

= Baseline

Copyright INCISIV 2022. All rights reserved.





Copyright INCISIV 2022. All rights reserved.



• Correct asymmetries or biases (e.g. 

balance)

• Address neural fitness gaps by prescribing 

specific VR drills

Improved neural fitness (sensory/motor 

coordination) to reduce risk of injury

TRAINING



Copyright INCISIV 2022. All rights reserved.





Obrigada!

c.craig1@ulster.ac.uk cathy@incisiv.tech


	Slide 1
	Slide 2
	Slide 3: HOW THE BRAIN CONTROLS MOVEMENT
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14: VIRTUAL REALITY HELPS UNDERSTAND PERFORMANCE
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19: Experts wait longer and are less ‘fooled’.
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24: BALANCE ABILITY & AGEING
	Slide 25: GAMIFICATION OF TRAINING
	Slide 26
	Slide 27
	Slide 28
	Slide 29: VIRTUAL DOORWAYS PERCEPTION
	Slide 30: VIRTUAL DOORWAYS ACTION
	Slide 31: VIRTUAL FOOTSTEPS PERCEPTION GUIDES ACTION
	Slide 32
	Slide 33
	Slide 34
	Slide 35: VR CONTROLLERS CAPTURE MOVEMENT PERFORMANCE
	Slide 36
	Slide 37
	Slide 38: TRAINING ANTICIPATION
	Slide 39
	Slide 40
	Slide 41: LEARN DIFFERENTLY USE INSTANT FEEDBACK TO CORRECT TECHNIQUE
	Slide 42: ANALYSE DIFFERENTLY MEASURE WHAT THE EYES CAN’T SEE
	Slide 43: COMPARE DIFFERENTLY – GIVE GOALKEEPERS EXACTLY SAME SHOTS
	Slide 44
	Slide 45
	Slide 46: IDENTIFYING TALENT ACROSS THE WORLD
	Slide 47: USING CLEANSHEET TO IMPROVE FITNESS
	Slide 48: CLEANSHEET: MIXED REALITY
	Slide 49: TRAINING AGILITY & EVASION
	Slide 50
	Slide 51
	Slide 52
	Slide 53: MEASURING & IMPROVING NEURAL FITNESS
	Slide 54: VIRTUAL REALITY CAN MEASURE NEURAL FITNESS
	Slide 55: NEURAL FITNESS AFFECTS PERFORMANCE
	Slide 56: Profile Rehabilitate Train
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67

