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EXTENDED REALITY (XR)

Virtual Reality (VR) // Augmented Reality (AR) // Mixed Reality (MR)

EXTENDED REALITY

/PHYSICAL WORLD

DIGITAL WORLD\

MIXED REALITY SPECTRUM

(Modified after: Milgram & Colquhoun, 1999)




Augmented Reality Sports

Sports—Agility AR

Ghost Pécgr




Virtual Reality Sports

pw

Tennis Esports

Mixed Reality Sports
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SWEET SPOT
OF IMMERSION...




DESIGN GUIDELINES...

Focus on the needs of users.

Make the technology easy to use.

Allow for personalization.

Ensure safety and data protection.

Allow for integration with other technologies.
Make the technology accessible to all users.
Collaborate across disciplines.

Provide feedback and motivation.

MOTIVATION...




8 BILLION PEOPLE
3.7 GAMERS
1.5 PHYSICALLY ACTIVE

HOMO LUDENS?!




Typical Gamer?!




The Cognitive Athlete \
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GAMIFICATION

«The use of game-elements and game-design techniques in non-game contexts.»
(K. Werbach & D. Hunter)
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SERIOUS GAMES ﬁ

«Games with a purpose beyond fun.»
(K. Werbach & D. Hunter)
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Gameplay Experience: Theories & Models

«Spiel ist eine freiwillige Handlung oder Beschaftigung, die innerhalb gewisser
festgesetzer Grenzen von Zeit und Raum nach freiwilig angenommenen, aber
unbedingt bindenden Regeln verrichtet wird, ihr Ziel in sich selber hat und Real World:
begleitet wird von einem Gefiihl der Spannung und Freude und dem Bewusstsein Questioning
des Andersseins als das gewéhnliche Leben.» Fear
- Uncertainties
Responsibiliti

o
O Real World:
Experience
- Meaning

(Johan Huizinga, Homo Ludens — Vom Ursprung der Kultur im Spiel, 1938, S. 37)

game
game structores
story
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interface

Anxiety
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player

(Bartle, 1996) (Csikszentmihalyi, 1990) (Ermi & Mayra, 2005)

GAMING x SPORTS




EXERGAMES

(Exercise + Gaming)




Exergame History

Power
8 Glove for
(Bally Total) Nintendo :
(Mattel) Dance
Dance
Revolution
(Konami)

Wii + Wii
Remote
(Nintendo)

CompuTrainer
Race:

Power Pad for ( Ete)
Nintendo
(Namco Bandal
Games)

twall
(Frank Weiss;

MM
electronics)

High Cycle
& Virtual Sega G 8
ga Genesis
Racquetball Activator
(Autodesk) (Sega

Corporation)

Suncom
Aerobics

Joystick +

Atari 2600
Sony Eyeloy

for
Playstation

Tectrix VR
Bike and
Climbing

(CyberGear)

Exergames @home

Step to move forward and avoid
obstacles to reach the goal.

PUMA Skill Cube
(Green Room Design)

Valolump
(ValoMotion)

ExerCube
(Sphery)

BOXVR (FitXR)
Blackbox VR

ValoClimb
(ValoMotion)

Zwift cycling
& running

Zombies, Run!
(Six to Start)

Kinect for Xbox
(Microsoft)

Ring Fit Adventure
(Nintendo Switch)

Beat Saber
(Beat Games)

Pokémon GO
(Niantic)

iCAROS products

Nike Rise 2.0
(Basketball
training court)

Pavigym PRAMA
(interactive
flooring)

iwall
(CSE Entertainment)

PlayStation Move
(Sony)

(Roglin, Martin-Niedecken & Ketelhut, in press)




Game-based Rehabilitation

VR Fitness — Immersive Fithess — Gamified Fitness
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FROM SPORTIFICATION
OF GAMES TO
GAMIFICATION OF
SPORTS

What’s missing?




Potential EFFECTIVENESS of Exergames

COGNITIVE
PHYSICAL

MENTAL EXECUTIVE FUNCTIONS

SELF-ESTEEM PHYSICAL ACTIVITY

-

Potential ATTRACTIVENESS of Exergames

MOTIVATION

EASY ACCESS

EMPOWERMENT ENGAGEMENT




UNEXPLOITED Potential

LOW INTENSITY

NO PHYSICAL-COGNITIVE NO SCIENTIFIC GROUNDING
TRAINING

NO INTERDISCIPLINARY R&D
NO USER INVOLVMENT




Project Overview

INTERDISCIPLINARY,
USER-CENTERED,
RESEARCH-BASED &
ITERATIVE
DESIGN PROCESS




Exergame Design Levels

Focus Groups
Co-Creation Workshops
Walkthrough
Participatory Observation
Research through Design
Body Storming

Technical Exploration
Field Testing

Lab Studies

etc.




SENSO EXPLORIA

R&D Projects (2018-2021) / supported by Innosuisse

Senso Exploria: User-centered Exergames for MS Patients

(Schattin et al., 2021)




MOVEMENT THERAPY IN CHILDHOOD

R&D Project (2008-2015) / supported by Maxi Stiftung

IMIC: Game-Based, Robot-Assisted Movement Therapy
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(Martin-Niedecken et al., 2015)

Lokomat®




IMIC: Player Experience Journey

(Martin-Niedecken et al., 2015)
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PLUNDER PLANET

R&D Project (2015-2018) / supported by Sportfond of Kanton Zurich
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R&D Project and ZHdK-SpinOff (since 2018)

IMPACT OF DIFFERENT
DESIGN PARAMETERS




«Plunder Planet» & «The ExerCube»

MOVEMENT CONCEPT




Movement Concept

AUDIO-VISUAL,
NARRATIVE DESIGN &
MECHANICS




Game Scenarios & Mechanics

CONTROLLER




Controller

PLAYER MODE




Player Mode

Research-Based, User-Centered Design Iterationen
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EVALUATE & ADAPT

Impact of...
MOVEMENT

CONCEPTS
CONTROLLER

FEATURES

MOTOR-COGNITIVE
PLAYER MODES CHALLENGES

PLAYER-CENTRIC
ADAPTATION EMPOWERMENT




ExerCube vs. Personal Trainer

ExerCube vs. Personal Trainer — Subjective Experience

Difference: Mental Focus

The ExerCube:

Focus on game:

* Yo ot explcty conmcous wh your bocy [ you e mere
arven by e game "

« "y focun] was deitely on colgesing points *-PI8

Focus on cognitive challenge:
* " koeps chalerging you [] shemys Rave io. tink™- P31

PT:

+ Player’s focus more on own
body

+ Stronger physical exertion

» Social preasure

Personal Training:

Focus on body & tralner:
+ s sl 0 focus Mo o the Body™-#20
+ “mere focused on the mavemant patter ¢

Difference: Social Factors

The ExerCube:

No fear of mistakes:
" Moes maen having ares i 3 game™-P17

Difference: Perception of Exertion

The ExerCube:

Delayed awareness of physical exertion:

Personal Training:

More personal:
* “testng wmcure || sccamguanied one-to-one “-P9 | “mare.
perscral”-P18

More pressure:
* 71t strwnad || ecarod hat 1 09 & weong ] Wi a human
100t 0f you ' more Imprat what e ks of ma-P26

Personal Training:

Pormanent awareness of physical exertion:
+ 1 A the physkcs xation using 18 whai esion. My
rncies were burming and mry heart wis besting fast *-P23

ExerCube:

* Less physical exertion

« Stronger cognitive exertion
« «feel freen

(Martin-Niedecken et al. 2019)




Comparison of Effectiveness

ExerCube

Traditional fHIT

Average HR [bpm]

156.0 [141.5; 161.3]

159.5 [150.3; 167.0]

Average HR
(% of calculated HR,,,)

78.7 [72.6; 82.2]

81.1[77.9; 85.8]

Maximal HR [bpm]

182.5[172.0; 191.0]

180.5 [176.0; 190.8]

Maximal HR
(% of calculated HR__,)

93.0 [88.7; 97.4]

91.6 [93.6; 97.3]

ExerCube

Traditional fHIIT

Borgphyslcal

7.0[6.0;8.0]

9.0 [8.0;9.0]

Borgcognitive

6.5 [5.0; 8.0]

5.0 [4.0; 6.0]

*=p<.05=significant

ExerCube:

« slightly lower physical exertion BUT average heart rate reached the functional HIIT threshold

» subjectively experienced higher cognitive load (dual-domain training)

97

Comparison of Attractiveness

Questionnaires

ExerCube

Traditional fHIIT

intrinsic motivation

6.5(5.8; 6.8]

5.1[4.5;5.5]

identified regulation

6.3[5.5;6.7)

6.0 [5.6; 6.7]

external regulation

1.3[1.0; 2.4]

1.6[1.3; 2.7]

amotivation

1.0[1.0; 1.6]

13[1.0; 1.9]

overall

6.0 [5.6; 6.4]

5.4[4.9; 5.8

fluency of performance

6.3 [5.5; 6.5]

5.7 [5.2; 6.4]

absorption by activity

6.0 [5.5; 6.5]

4.9[4.5;5.8)

perceived importance

1.7[1.0;2.2)

1.0[1.0; 1.8]

PACES

6.3[6.0; 6.6]

5.0 [4.7; 5.5]

*=p<.05=significant

« ExerCube: sig. better results for flow, enjoyment & motivation

98

(Martin-Niedecken et al. 2020)

(Martin-Niedecken et al. 2020)



Embodied Sketching — Multiplayer Makeover
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« Differentially balanced experiences of social immersion, fun & physical and cognitive exertion

« |dentification of promising new player formations
de cation ot p 9 play (Martin-Niedecken et al., 2019)
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Investigation of ....

COGNITIVE(-MOTOR)
FUNCTIONS

ANTROPOMETRIC
PARAMETERS

PHYSICAL FITNESS

EXECUTIVE
FUNCTIONS

ExerCube Training in Young Athletes

AIM: Gathering insights into the training effects of the ExerCube on cognitive(-motor) functions in young game athletes.
102




Results — Non-Randomized Controlled Trial

* 24 young game sports athletes (15 + 0.7 years; 46% girls)
* 10 weeks intervention time - shortened to 8 weeks (due to pandemic restrictions):

— Intervention group: 2x 25min ExerCube training per week + sports-specific training
— Control group: Sports-specific training only

Sig. positive effects on cognitive (motor) skills (faster reaction times), especially on concentration (U=-2.483,
p=0.013, r=0.51), cognitive flexibility (F=12.176, p<0.001, d=1.488), and divided attention (F=9.776, p=0.002,
d=1.404).

(Martin-Niedecken et al., 2023)

ExerCube @School

‘”A

AIM: Investigation of effects of a school-based exergame intervention on anthropometric parameters and physical fitness
104




Results — Randomized Controlled Trial

» 58 students (10.4 + 0.8 years; 48% girls) = only 34 students included in final analysis (due to pandemic restrictions)

* 3 month intervention time:
— Intervention group: 2x 20min ExerCube training per week + physical education classes
— Control group: Physical education classes only

Outcome IG (n =18) CG (n=16)
Pre Post Pre Post p-Values n?

BMI (kg-m~?) 21.7 £ 4.0 21.6 £4.2 193 + 4.1 19.7 £ 4.1 ns. 0.063
WHIR 0.47 + 0.05 0.46 £ 0.05 0.44 + 0.07 0.45 £ 0.07 ns. 0.114 CMJ = Counter movement jumps - sig. increase in IG
SRT = Shuttle run test > sig. increase in IG

CM] (cm) 18.6 + 54 21.14 e 205+52 18.6 £ 3.6 ** <0.001 0.403 N . i
J(c 2 2 2 < ST = Sprint test - sig. increase in IG

ST (s) 412 £ 045 4.08 + 047 4.06 £0.35 4.18 £+ 032 0.020 0.157
WHtR = Waist to hight ratio
BMI = Body mass index

SRT (m) 450.0 + 228.0 537.8 £2105* 498.7 + 208.3 469.3 + 162.3 0.046 0.122

Abbreviations: Pre—before intervention; post—after intervention; BMI—body mass index; WHtR—waist-to-
height ratio; CMJ—countermovement jump; ST—sprint test; SRT—shuttle run test; n? -partial eta squared
** p < 0.01, and *** p < 0.001 represent changes from before to after intervention for the IG and CG.

p-values represent interaction effects

(Ketelhut et al., 2022)

EXTEND




ExerG: Exergame-based Geriatric Therapy

AIM: Adaptation of user-centered soft- and hardware design for the geriatric movement therapy and investigation of accute, and
long-term effects on motor-cognitive functions (with relation to every day activities).

107 AAL Project




ExerCube @Home: On-Body Game Elements

AIM: Exploration of new physically immersive feedback designs for an @home
exergame and investigation of long-term physical and cognitive efffects and
motivation of a trainingg intervention @home.

109 Innosuisse Project

ExerUp: Exergame-based Sports Rehabilitation

DIZH Project




«Control to Chaos»

- Phase 3 of therapy after knee injury
- Return to sports (control to chaos)




The Emotional Journey of Exergames

Further Studies with the ExerCube

Original Article

Integrating Regular Exergaming Sessions in the ExerCube into a g;'";‘:m'g?ﬁg:c';':g:ﬂhww Acute Effects of Heart Rate-Controlled Exergaming
School Setting Increases Physical Fitness in Elementary School Exerciso Stimulus and Reduces OnYasciker Funcon iy Young Aduls

Children: A Randomized Controlled Trial Cardiovascular Reactivity to Cold
Pressor Test

Sascha Ketelbut '+, Lisa Roglin %, Anas Lisa Martin-Niedecken *, Claudio K. Nigg ' and Kerstin Ketelhet *

The New Way to Exercise? Evaluating an Innovative
A . Heart-rate-controlled Exergame
A Game-Based Approach to Lower Blood Pressure? Comparing
Acute Hemodynamic Responses to Endurance Exercise and
Exergaming: A Randomized Crossover Trial

Authors

Sascha Ketelhut'®, Usa Risglia', £va Kircher?, Anna Lisa Martin-Nedecken’, Reinhard Ketelhut®+, Kune Hottenret!,

Eva Kircher !, Sascha Ketelhat >0, Kentin Ketelh » Roglin %, Kuno Hottenrott * X tolhvat®
Anna Lisa Martin-Niedecken 7 and Reinhard G. “ ——

Original Article :‘!mnlicrs

Adaptive High-Intensity Exergaming: Comparing the Impact of Heart i o = i -
. mpact of an Exergame Intervention on
e e ok e e e
an Exergame-Based Functional Experience in Young Team Sports
High-Intensity Interval Training on Athletes: A Non-Randomized Controlled
Training Intensity and Experience in Trial
Healthy Young Adults




FROM THE LAB
TO THE FIELD

Application Areas

Geriatric Rehabilitation & Seniors
.
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Sports Rehabilitation

Competitive Sports




Game Selection — Foci

Motor-Cognitive Assessments
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8-Weeks Training Plan

David Habluetzel

CONCLUSION
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