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Prerequisite slides

§ Required;
§ NervousSystem_en
§ NeuroRehabilitation_Fundamentals_en
§ NeuroRehabilitation_Principles_en

§F At the time of writing this, I haven’t yet “clean” 
my slides regarding the two above.

§ Convenient:
§ Anatomy_JointsAndMovements_en
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Contents

§ Virtual Environments and Serious Games
§ Feedback
§ Personalization, Customization and 

Adaptation
§ Calibration
§ Balance
§ Design of environments
§ The COMFEEDY framework
§ Open challenges
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VIRTUAL ENVIRONMENTS 
AND SERIOUS GAMES

©	2018.	Dr.	Felipe	Orihuela-Espina 6



§ Serious games are those
whose purpose is other than
merely entertaining.

§ Potential uses:
§ Eduational
§ Training
§ Motivational

§ Industries benefiting from
serious games:
§ Military
§ Education
§ Health
§ Social services (e.g. firemen)
§ Risk management (economy, 

natural disasters, etc)
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Serious Games



Virtual environments
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Figure	from	[Hernandez-Castañón	V	(2016)	MScthesis]



Virtual Rehabilitation

§ Virtual rehabilitation (VR) refers to the 
administration of motor rehabilitation 
enhanced by means of virtual 
environments (VE) [1].
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[1]	Sucar	et	al	(2014)	IEEE	TNSRE	22(3):634-643



Rehabilitación virtual

• VR	tiene	el	potencial de	cumplir	con	todos	los	principios	de	
rehabilitación	 requeridos	para	aprovechar	la	plasticidad	
dependiente	de	la	experiencia,	 y	además…

• La	motivación y	apego de	los pacientes son	factores importantes
en un	proceso de	aprendizaje (como el	que	ocurre en
neurorehabilitación)	para	favorecer los mecanismos plásticos,	y	VR	
ha	demostrado ser exitosa en fomenter	estos factores en
diferentes dominios y	a	través de	diferentes usuarios

• “...humans	can	learn	motor	skills	in	a	virtual	environment	and	that	
they	can	then	transfer	that	motor	learning	 to	a	real	world	
environment.	...proponents	of	VR	believe	that	outcomes	will	be	
enhanced following	practice	 in	VR	because	of	the	ability	 to	make	
tasks	easier,	less	dangerous,	more	customized,	more	fun,	and	of	
course	easier	 to	learn	because	of	the	salient	 feedback	that	can	be	
provided	during	practice.”	 [Holden	2005,	CPB,	8(3)	:187-211]

¿Porqué	
debemos	

considerar	la	
rehabilitación	
virtual	(VR)?
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Rehabilitación virtual

• “… virtual	reality,	allows	us	the	opportunity	to	
manipulate	the	learning	environment and	
provide	a	more	intensive	learning	experience”	
[Levin	(2011)	Expert	Rev.	Neurother.	11(2),	153–
155]	…esto	es,	más	allá	de	lo	que	es	posible	con	
otras	modalides de	rehabilitación.

• Además,	cada vez hay	más evidencia de	que	es
possible	la	transferencia de	conocimiento
desde entornos virtuales a	reales,	y	que	esta de	
puede modular	de	tal forma	que	tenga una
major	generalización a	diferentes tareas
[Hernández-Castañón,	V	(2017)]

¿Aporta	algo	nuevo	
a	la	

neurorehabilitación?
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Rehabilitación virtual

• “We	found	limited	evidence that	the	use	of	virtual	reality	
and	interactive	video	gaming	may	be	beneficial	in	
improving	arm	function	and	ADL	function	when	
compared	with	the	same	dose	of	conventional	therapy.”	
[Laver	et	al	(2011)	Cochrane	Database	of	Systematic	
Reviews]

• “We	are	still	at	the	early	stages	of	gathering	evidence of	
the	effectiveness	of	various	virtual	reality	applications	in	
rehabilitation”	[Levin	(2011)	Expert	Rev.	Neurother.	11(2),	
153–155]

• En resumen;	ni el	santo grial ni una tendencia novedosa;	
una alternativa adicional que	puede aportar algo nuevo
en términos de	motivación,	apego y	generalización de	
aprendizaje,	y	aún con	margen de	mejora.	

¿Es	el	“santo	grial”	
de	la	

neurorehabilitación
o	solo	una	
tendencia	
novedosa?
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Examples of Virtual Rehabilitation

Kizony R.	,	Weiss	P.	L.,	Shahar M.
and	Rand	D(2006)

Weiss P.	L.,	Rand	D.,	Katz N.,	
and	Kizony R.	(2004)

Hoey J.,	Monk	A.,	and	
Mihailidis A.		(2010)

Morrow	K.,	Docan C.,	Burdea
G.,	and	Merians A.	(2006)

Huber	M.,	Rabin	B.,	Docan
C.,	Burdea G.,		Nwosu M.	
E.,	Abdelbaky M.,	and		
GolombM.	R.		(2008)



Gesture therapy
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Gripper

Serious
games

Video
tracking

Low-spec
computer



Gesture Therapy
• Research highlights

and platform features
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Source:	[SSNR2015_0002_FINAL.pptx]



Rehabilitación virtual
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State of the art (more or less)
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[Sucar	et	al,	IEEE	TNSRE	
2013]



§ “…development of these 
platforms is a complex 
process which has not yet 
reached maturity” [Sucar 
et al, IEEE TNSRE 2013]

§ From the point of viw of 
design, the work in this área 
is multidisciplinary, it
requires considering
knowlegde from hardware 
and software, human-
computer interaction, virtual 
reality, and of course
profound knowledge about
neurology and psychology
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How is a VR solution developed?



Virtual Rehabilitation (VR)

§ VR is a rehabilitation 
therapy exploiting 
virtual reality (serious 
games).

§ VR adapts its activity 
to match;
§ Patient progress
§ Therapy demands
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Motivation

§ Several medical conditions can lead to 
motor impairment.
§ E.g. stroke, palsy, TBI

§ To recover motor dexterity and functional 
ability, the affected people follow… 
§ Expensive,
§ long and
§ Demotivating

§ … rehabilitation treatments often resulting 
in abandonment of the therapy.
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VR	is:
•Low	cost,
•Facilitates	 treatment	 at	home
•Motivating



Adaptation

§ Arguably the key element behind the VR 
capacity to fulfill intelligent personalization.

§ Instead, adaptation should be guided by non 
observable the cognitive and emotional state
of the patient,
§ Many processes concurrently conform the mind 

state of the patient. 

§ Attention is the capacity to opt out one or several 
stimuli among potential distracters
§ [Chun et al (2011) Annual Review of Psychology 62, 

73–101]
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FEEDBACK
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Feedback
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[Timermans et	al	(2009)	JNER	6:1]



Feedback

§ Feedback informs the patient about his
performance and progress

§ Feedback is known to:
§ Enhance motor learning [HoldenMK2005]
§ Enhance motivation [ColomboR2007]
§ Facilitate skill improvement

[TimmermansAAA2009]
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Feedback

§ Feedback is acquired through:
§ Task-intrinsic feedback provided through 

visual, tactile, proprioceptive and auditory 
cues to a person who performs the task. 

§ Task-extrinsic feedback or augmented 
feedback including verbal encouragement, 
charts, tones, video camera material, 
computer generated kinematic characteristics
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[Timermans et	al	(2009)	JNER	6:1]



Feedback

§ Feedback is delivered through:
§ Knowledge of performance: information 

about movement characteristics that led to the 
performance.
§Prescriptive or descriptive
§Maybe delayed

§ Knowledge of results: outcome of skill 
performance or about goal achievement.
§Quatitative, qualitative or subjective
§ Inmmediate
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Knowledge of results Knowledge of performance
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Feedback

[GarciaMartinezS2015]



Feedback

§ System feedback

§ Positive (reward) or

§ Negative (punishment)
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[Timermans et	al	(2009)	JNER	6:1]



Feedback
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PERSONALIZATION, 
CUSTOMIZATION AND 
ADAPTATION
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Personalization, customization and adaptation

§ Controlling the learning environment is the 
key to provide a personalised and intensive 
learning experience in rehabilitation (Levin, 
2011).

§ The ultimate goal of this manipulation of the 
virtual rehabilitation environment is achieving 
optimal impact of the therapy (Rose et al., 
1998, Levin, 2011, Burke et al., 2009a).
§ A collateral goal for those solutions design to be 

utilized at home is reducing dependency on 
clinical expert supervision.
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Personalization, customization and adaptation

§ Tailoring of the virtual environment can be achieved 
by;
§ Manipulation of the appearance of the environment itself 

keeping the environment response coupled to the 
background of the patient, often referred to as 
customization;
§ F This is also sometimes referred as personalization, but here

we shall reserve personalization for the hardware component to 
avoid ambiguity.

§ Affecting the environment’s response to patient actions 
and behaviour and mind status as these evolve throughout 
therapy, which is often referred to as adaptation.

§ Personalization of the hardware platform as 
complementing that of the virtual environment itself.
§ F We won’t see this here.
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[OrihuelaEspina and	Sucar	(2016)]



Customization and Adaptation

§ Customization and adaptation
§ …do not necessarily differ in:

§what they change in the environment,
§when they do apply the changes or
§ on the expected impact,
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[OrihuelaEspina and	Sucar	(2016)]



Customization and Adaptation

§ Customization and adaptation
§ …but they do depart on the etiology for

proposing those changes.
§ evolution of the patient profile (customization) vs
§ behavioural performance progress (adaptation).
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[OrihuelaEspina and	Sucar	(2016)]



Customization and Adaptation

§ Customization is more often seen as a 
static alteration of the environment, 

§ Adaptation being more often seen as the 
one responsible for dynamic changes. 

§ However, strict adherence to this static vs 
dynamic separation of these concepts is only 
a partial view of these two concepts.
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[OrihuelaEspina and	Sucar	(2016)]



Customization and Adaptation

§ Control of the environment dynamics:
§ Three dimensions adjust the way in which the 

adaptation and customization decisions are 
delivered to transform the environment

§Decision making actuator

§Decision making time

§Decision making scope
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[OrihuelaEspina and	Sucar	(2016)]



Customization and Adaptation

§ Control of the environment dynamics: Actuator
§ The actuator is the VR platform’s component 

permitting manipulation of the environment whether 
through customization and adaptation.

§ Its responsibility is to provide sufficient flexibility and 
to ensure the human’s decision is respected. 

§ It senses the scenario scrutinizing the patient profile 
and behaviour as well as his interaction with the 
virtual environment, together with keeping track of 
additional medical decisions and recommendations, 
and from the combined information, taking the optimal 
decision in some sense.
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[OrihuelaEspina and	Sucar	(2016)]



Customization and Adaptation

§ Control of the environment dynamics: 
Actuator
§ The actuating force may be:

§Human driven (Holden and Dyar, 2002, Loureiro et 
al., 2003, Kizony et al., 2006),

§AI driven (Kan et al., 2008, Avilés-Arriaga et al., 
2011, Ávila-Sansores et al., 2013), or

§Hybrid (Ma and Bechkoum, 2008, Burke et al., 
2009b).
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Customization and Adaptation

§ Control of the environment dynamics: 
Actuator
§ The actuator can be:

§A single component combining both types of 
manipulation (customization and adaptation) (e.g. 
(Burke et al., 2009b)), or 

§ Individual components each one taking care of one 
type of manipulation (e.g. (Sucar et al., 2014)), 
whether customization or adaptation.

§Many platforms only support one type of 
manipulation.
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Customization and Adaptation

§ Control of the environment dynamics: Time
§ Manipulation processes can occur: 

§ Synchronous a.k.a. on-line: subsequent to the arrival of 
new information about the patient profile and status,
§ Provide immediate adjustment of the environment, but are 

more likely to be computationally demanding and can lead 
to overfitting to particular instantaneous circumstances.

§ Asynchronous a.k.a. off-line: temporally detached from 
the arrival of such information.
§ Less likely to overfit and low computational demand, but 

sacrifices immediacy of response.

§ Both on-line and off-line strategies can be combined to 
obtain a seamless modification of the rehabilitation 
environment with the evolving pattern of patient status 
and therapy demands.
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Customization and Adaptation

§ Control of the environment dynamics: 
Scope
§ Guarantee adequate challenge at all times, 

whilst boosting the chances of a better long 
term outcome.

§ It must ensure sufficient flexibility to take quick 
local decisions, without decreasing 
therapeutic effectiveness, and

§ …analogously, they can help to maintain high 
therapeutic value without being confined to a 
predefined schedule
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[OrihuelaEspina and	Sucar	(2016)]



Customization and Adaptation
§ Control of the environment dynamics: 

Scope
§ Intra game: Changes the challenge of a 

single game or task to maintain arousal and 
skill development.
§ E.g. increase/decrease difficulty

§ Inter-game: Dynamically schedules tasks for 
improving long term outcome
§ Must compromise between local goals (e.g. 

ensuring patient safety, avoidance of fatigue 
and pain) and therapy goals (e.g. optimal 
patient recovery)

§ e.g. choose next game

§ Therapy-wide: Affect the therapy until 
overruled by another contradicting decision
§ e.g. ensures compatibility with co-morbilities
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[OrihuelaEspina and	Sucar	(2016)]

Figure	from:	[Nijholt et	al,	
Entertainment Computing	
1	(2009)	85-94]



Customization and Adaptation
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Customization and Adaptation

§ Current solutions include:
§ Thresholding (e.g. (Kizony et al., 2006))
§ Initial calibration (see Calibration section)
§ Manual adjustment
§ AI based dynamic adjustment

§Partially observable Markov decision process 
(POMDP) (e.g. (Kan et al., 2008))
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Customization

§ Customization is the alignment of the 
environment to the patients’ profile 
[OrihuelaEspina and Sucar (2016)]

§ Under customization, the environment’s 
response against an input action is preserved.
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Customization
§ Customization is more of aesthetical nature but it goes 

beyond the obvious modification of the graphical 
rendering.

§ It includes aspects such as demographical, psychological, 
ethnographical and even individual taste, as well as long-
term clinical and therapeutic goals.

§ It also involves control of the abstraction level at which the 
task is presented to match the learning capabilities of the 
user, and it may even affect the physics and behaviour of 
the environment, e.g. by alighting the virtual weight of the 
virtual object to oppose less resistance for children, but it 
does so deterministically; under customization the same 
patient always observes the same weight until his/her 
profile changes, e.g. by growing older.
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Adaptation

§ Adaptation is the alignment of the 
environment to the patient changing 
physical and cognitive function and 
present circumstances, and to her short-
term clinical and therapeutic demands. 
[OrihuelaEspina and Sucar (2016)]

§ It will most times involve a change in the 
response of the environment to the same 
input.
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Adaptation

§ Adaptation affects task abstraction, 
aesthetics, and physics

§ Challenge of the task is altered to match
§ the new skills,
§ the present physical status, e.g. fatigue or pain, or 
§ the current mind status, e.g. frustration.
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Adaptation

§ Different ways for incorporating adaptation
to VR
§ AI engine for challenge adjustment
§ Affective computing for mining emotional state
§ Understanding postural cues to decipher

attention
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AI engine for challenge adjustment

©	2018.	Dr.	Felipe	Orihuela-Espina 51

[AvilaSansores SM	(2013)	MSc thesis]



AI engine for challenge adjustment
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[AvilesArriaga et	al	(2011)]



AI engine for challenge adjustment

§ The case of GT
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[AvilaSansores SM	(2013)	MSc thesis]



§ The case of GT
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AI engine for challenge adjustment

[AvilaSansores SM	(2013)	MSc thesis]



§ The case of GT § Matching between the 
AI and the experts
decisions

55

AI engine for challenge adjustment

[AvilaSansores SM	(2013)	MSc thesis]
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Affective Computing (AC)

§ Affective Computing is the branch of 
computing related to encoding and decoding 
emotions [Picard (2003) IJHCS, 59:55-64].

§ Three channels to express emotions:
1. audio (speech)
2. face and body gestures/movements (visual)
3. internal physiological changes (heart beat 

rate, respiration, etc).
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Adaptation through Affective computing

§ Mining the affective state of the user can be 
exploited to design motivating VR sessions.

§ Our behavioural gestures may convey 
information about our affective state.

§ Gesture Therapy (GT) is a virtual rehabilitation 
platform that incorporates a physical controller 
or gripper.
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Adaptation through Affective computing

§ Thus far adaptation in 
VR has been based 
on observable 
behaviour, e.g. speed 
and control.

§ Now, starting to 
incorporate affective 
computing.
§ Supplementing 

adaptation strategies 
with cognitive and 
emotional inputs
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Adaptation through Affective computing

§ Research in affective computing has dedicated strong 
efforts to decode some user affective states through 
facial expressions, generally using the FACS (Facial 
Action Coding System) code [10-12], linguistic 
expressions [12, 13] and non-linguistic, such as laughter, 
sigh, cough, among others [10], tracking and monitoring 
human body while walking, talking, etc. [14-17].

§ Many experiments focus on recognizing a set of six 
universal basic emotions: happiness, sadness, surprise, 
fear, anger and repugnance [10].
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Adaptation through Affective computing

§ Other efforts have been made to detect boredom, fatigue 
and pain from the face in recorded videos when the 
person has spontaneous facial expressions [19, 20].

§ Aung et al. [20] studied the level of chronic pain in the 
lower back. In this work, experts labelled the presence of 
pain by observing the face of 21 patients. Then using
Support Vector Machine (SVM) as the classification 
method, they report a ROC (Receiver Operating 
Characteristics) Area Under the Curve (AUC) of 0.658.
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Adaptation through Affective computing

§ Partially observable Markov decision process (POMDP) 
have been used in rehabilitation of the upper extremity in 
stroke patients to modify exercise parameters so that the 
system adapts to the patient specific needs; the patient 
fatigue was included in the model [21].

§ In Bonarini et al. [22], the authors studied 5 levels of 
stress in rehabilitation protocols, from biological signals, 
such as blood pressure, skin conductance, 
electrocardiogram (EKG), respiratory rate, electrical 
activity of muscles (electromyogram: EMG) and 
temperature; with the classification algorithm k-NN (k-
Nearest Neighbor) with k = 11, testing with 6 healthy 
people and achieving a precision (accuracy) of 88%.
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Adaptation through Affective computing
§ Meanwhile, for Gesture Therapy, S. Avila et al. [23] built 

a module based on a Markov decision process (MDP) 
and reinforcement learning (RL) to adapt the therapy 
using 2 variables: the patient speed to achieve the 
games targets and the control of his/her upper limb while 
moving to those targets. The adaptation consists in 
optimizing game challenge (adjust game difficulty) 
according to patient’s performance [5]. The authors 
suggested as part of future work, taking into account the 
patient's frustration or fatigue to improve the adaptation 
module [23]. A difference of this work with previous 
research is that we are using only motion and pressure 
from the affected limb to infer the affective state, as we 
want to avoid additional sensors not already available in 
Gesture Therapy.
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§ Adaptation can be 
enriched with the 
consideration of 
emotional variables.

§ Potentially (no hard 
evidence yet);
§ Increases motivation, 

and
§ Optimizes explotation

of plastic changes.
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Incorportation of affective state

63

Figura de	[RivasJJ2017,	Submitted	to	IEEE	TAC]



Understanding patient posture
§ Permits modulating feedback

§ Unacted posture conveys cues about people's 
attentional disposition
§ Body posture is an important form of human 

communication which tends to reflect the emotive state.
§ Static body postures can be mined for regulators 

communicating the attentional and affective state of 
subjects [EkmanP1969].
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[Heyer	P	et	al	(2013)	PSIVT]

Head	tilting a	
strong predictor	
of	attention



CALIBRATION
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Calibration

§ Calibration refers to the ability of the 
system to match patient’s skills (e.g. range
of motion) to the virtual environment
demands

§ It may involve;
§ Matching patient’s range of motion to maximal 

on-game motion range
§ Maximizing transfer from virtual to real 

environment 
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Automatic motor dexterity assessment

Figure	from	[Heyer	P	(2017)]

§ Highly benefitial for 
home deployment

§ Reduces dependency 
on exhaustive 
supervision from the 
medical team

§ Increases objectivity
in patient progress
evaluation.
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Automatic motor dexterity assessment

Heyer	MSc
thesis

Bento

Figure	from	[Heyer	P	(2016)	MScthesis]



Automatic motor dexterity assessment
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Figure	from	[Heyer	P	(2016)	MScthesis]



Autocalibration
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§ PENDING



§ Increase effectiveness 
of the VR solution

§ Research on game
elements adding an
effective transfer

§ Reduction of excessive 
and premature demand 
of clinical trials

§ Reduction of 
development times and 
reuse of solutions.
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Transfer of Knowledge

Figure	from	[Hernandez-Castañón	V	(2016)	MScthesis]



Transfer of Knowledge
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Figure	from	[Hernandez-Castañón	V	(2016)	MScthesis]



Transfer of knwoledge
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Table	 from	[Hernandez-Castañón	V	(2016)	MSc thesis]
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Transfer of Knowledge

28	SUBJECTS EMOTIV	EPOC
NASA	TLX	AND	GAS

20	MINUTES	FOR	
4	DAYS

24	HOURS	BEFORE

EXPERIMENTAL	 DESIGN	BETWEEN	 SUBJECTS

Low level abstraction High	level	abstraction

Virtual	Training Real	
Training

Virtual	Training Real	
Training

Cognitive	 task															Motor	task Cognitive	 task																					Motor	task

Figure	from	[Hernandez-Castañón	V	(2016)	MScthesis]



©	2018.	Dr.	Felipe	Orihuela-Espina 75

Transfer of Knowledge

Entrenamiento	virtual;
ejecución real

Entrenamiento	 real;
ejecución real

Similar	trends in	
3	out of	4	plots.	

Amplitude
differs indicative
of	some but	not	
full	transfer
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Ejemplo de patrones de procesos cognitivos

Tiempo

Fr
ec
ue
nc
ia
s

Diferentes procesos	cognitivos

Los	patrones	pueden	estar	
afectados	por	ruido.

Proceso	
“reptando”	
en	frecuencia

No	es	parte	del	proceso	
morado	por	que	requiere	
“saltar”	en	frecuencia

Actividad
Inhibición



Transfer of Knowledge
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Figure	from	[Hernandez-Castañón	V	(2016)	MScthesis]



BALANCE
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Balance

§ Balance is concerned with handicapping
players playing together so to ensure fair
level of challenge.
§ e.g. A healthy relative playing an impaired

subject

§ Balancing [Gerling et al (2014). CHI pgs
2201-2210 ] is a mechanism to automatically 
adjust players’ handicap to promote fair 
playing.
§Balacing assists weaker players
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Balance
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[Gerling et	al	(2014).	CHI	pgs 2201-2210	]



Balance
§ Balanced competitions increases fun [Bateman et 

al (2011) in Gerling2014]

§ Balancing machanisms [Gerling2014];
§ Handicapping – players abilities are estimated and 

scored adjusted accordinggly (e.g. golf, chess)

§ Dynamic difficulty adjustments – enforcing of maximal
differences (e.g. mario karts). In turn, can be 
implemented by:
§ Step count – e.g. varying the necessary number of hits for 

success
§ Hit Interval – e.g. allowing different sized targets (spatial) or 

less precise timings (temporal)
§ Score multiplier – e.g. affording different scoring scales
§ Others?
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Balance

§ Challenges in balancing games;
§ Innate ability of players
§ Differences in practice or fitness levels (e.g. 

profesional vs amateur)
§ Stigma (e.g. height differences in basketball)
§ Ability (e.g. able bodied vs impaired bodied)
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[Gerling et	al	(2014).	CHI	pgs 2201-2210	]
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Automatic recognition of user identity

Automatic	
recognition	of	patient	 	
using	RFID	
technology



DESIGN OF ENVIRONMENTS
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Design Factors of Virtual Rehabilitation
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[Timmermans et	al	(2009),	JNER	6:1]



Design Factors of Virtual Environments for Upper 
Limb Motor Rehabilitation of Stroke Patients
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[RamirezFernandez C	et	al	(2014)	MexIHC]



Design Factors of Virtual Environments for Upper 
Limb Motor Rehabilitation of Stroke Patients
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[RamirezFernandez C	et	al	(2014)	MexIHC]



§ Tens of solutions in literature by now
§ Differences in games, controllers, feedback, 

adaptive elements, etc
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Virtual Rehabilitation

Figure	from:	[http://compassmag.3ds.com/1/Research/IMMERSIVE-VIRTUAL-REALITY]



Motivation
§ VR has not yet fully achieved its potential; possible factors include:

§ Poor understanding of the neurorehabilitation process itself
§ Poor knowledge of the mechanism behind transfer of knowledge
§ Poor integration between multidisciplinar (additive) and transdisciplinar

(holistic) elements

§ Because of the above; game development for virtual rehabilitation
still not a smooth process.
§ Need of designing consistent, reusable and clinically valid games for 

rehabilitation in a faster, simpler, and more efficient manner.

§ Design frameworks can
§ speed up the development process,
§ Improve integration: facilitate communication between technicians and 

clinicians, and
§ Maximize transfer of knowledge: boost chances of clinical effectiveness.
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State of the art (not comprehensive)
Reference Demands covered Comments

[Flores et	al	(2004)] User demands Centered on elder

[Weiss et	al	(2006)] Platform demands Focus on enhancing
presence

[Timmermans et	al	(2009)] Therapy, motivational and	
feedback demands

Focus on robotics rehab.

[Aviles Arriaga et	al	 (2011)] Social	and	user demands

[Saini S	et	al	(2012)] Technical demands Structural requirements for
low cost platforms

[Oropeza Salas	(2012)] Social, clinical and	user
demands

Separation of	demands
unclear

[Ramírez Fernández	et	al	
(2014)]

Usability demands Separation of	usability
stages.	Focus on upper
limb.
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State of the art summary
§ Demands from medical, technical and user 

centered perspectives have thus far guided the 
development of these systems.

§ Designing a single game complying with all the 
suggested principles remains unsolved

§ Demostration of gains/improvements obtained by
using design guidelines/frameworks whether for
the
§ Engineering team e.g. reduction in developing time, 

reduced errors
§ Clinical team e.g. reduced supervision demands
§ Patient e.g. higher therapeutic value,

…remains uncharted territory
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THE COMFEEDY FRAMEWORK
Concepts, Objects, Mechanics, Feedback and DYnamics
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[GarciaMartinez S	et	al	(2015)	ICVR]



The working example
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The framework in a nutshell

COMFeeDY

Concepts

Objects

MechanicsFeedback

Dynamics
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Components	that	should	be	
considered	during	the	analysis	

phases	previous	to	the	
implementation	of	the	game

Anything	that	can	be	
seen	or	manipulated	

in	the	game

Procedures,	physics,	
game	goal,		actions	
and	rules	governing	

the	game.

Output	return

Specific	instatiation
of	game	mechanics	
lead	by	therapeutic	

goal



Concepts
Patient /	Player
• Demographics,	Cultural	and	etnographical,	Medical	condition,	Gaming	preferences,	Interests

Movements	and	their	virtual	mapping
• Depends	on	input	device

Game	goals	and	Value
• Two	perspectives;
• Rehabilitation:	Aims	for	therapeutic	value
• Implementation:	Aims	for	simple,	 clear,	concrete,	well	balanced,	achievable	and	rewarding	
gamification of	tasks

Story
• Sequence	of	events	that	unfold	 in	the	game
• Games	“tell	a	story”
• Summarized	in	the	storyboard
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§ Player / Patient § Demographics
§ Cultural and 

etnographical
§ Medical condition
§ Gaming preferences
§ Interests
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Concepts



§ Movements and their virtual mapping

§ Depends on input device
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Concepts



§ Game goals and Value

§ Two perspectives;
§ Rehabilitation

(therapeutic value)
§ Implementation

(gamification of 
tasks)
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Concepts

Flexion Extension

Flexion

Extension

Milk the cow



Concepts

§ Story
§ Sequence of events that unfold in the game
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Objects
Avatars
• Representation	of	the	player	in	the	game
• Player’s	identity
• Visual	connection	 and	meaningful	 experience

Targets
• The aim of	actions from the user
• Static	or	moving
• Initial location fixed or random

Distractors
• Elements not interacting with the user
• May	affect	the	game	mechanics	or	be	purely	decorative.
• Some may be informative e.g. scoreboards
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§ Avatars

§ Representation of 
the player in the
game

§ Player’s identity
§ Visual connection

and meaningful
experience
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Objects



§ Targets

§ The aim of actions
from the user

§ Static or moving
§ Initial location

fixed or random

©	2018.	Dr.	Felipe	Orihuela-Espina 102

Objects

Static Predictable Unpredictable

Use	of	a	static	target	in	the	Milk	the	
cow	game	example.	a	static	target	 is	
used.	However,	the	target	location	
changes	depending	 on	the	stage	of	the	
milking	maneuver.



§ Distractors

§ Elements not
interacting with
the user

§ May affect the
game mechanics
or be purely
decorative.

§ Some may be
informative e.g.
scoreboards
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Objects



Mechanics

Actions
• Verbs of	the game
• In	Rehabilitation:	Reach,	Grasp,	Release,	Manipulate,	
Coordination

Rules
• Responsible for physics,	behaviour,	and	association of	
outcomes to player actions

Challenge and	progress
• Responsible for matching player skills,	needs and	
limitations

• Maybe artificial	intelligently guided

©	2018.	Dr.	Felipe	Orihuela-Espina 104



§ Actions

§ Verbs of the game
§ In Rehabilitation:

§ Reach
§ Grasp
§ Release
§ Manipulate
§ Coordination
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Mechanics



§ Rules

§ Responsible for
physics, 
behaviour, and 
association of 
outcomes to
player actions
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Mechanics



§ Challenge and progress

§ Responsible for
matching player
skills, needs and 
limitations

§ Maybe artificial 
intelligently guided
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Mechanics

Top	figure	from:	[Nijholt et	al,	Entertainment Computing	1	(2009)	85-94]

Range of	
movement

Finger
extension



Dynamics

Game instantiation
• Arise from the mechanics after the game
is set	in	motion.

• Some	examples	include:
• Free	movement
• Touch	the	target
• Catch	the	target
• Follow	the	path
• Move	the	target
• Point	and	shoot
• Race	to	the	end
• Territorial	acquisition
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§ Game instantiation
§ Arise from the

mechanics after the
game is set in motion.

§ Some examples
include:
§ Free movement
§ Touch the target
§ Catch the target
§ Follow path
§ Move the target
§ Point and shoot
§ Race to the end
§ Territorial acquisition
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Dynamics

Touch target

Follow path



Feedback
User interface	feedback
• Triggers following players actions
• Spatiotemporal	dynamics	of	feedback

• In	rehabilitation,	patient physical and	mind constraints dictates interface	behaviour (e.g.
slow reaction time)

System	feedback
• Modification of	gameelements following players actions
• Positive	(reward)	or negative (punishment)

Game feedback
• Information about game status
• Control	feedback output	channel:	Visual,	 Auditive,	Haptic,	etc

Therapy feedback (a.k.a. extrinsic feedback)
• Information about the treatment status
• Knowledge	of	performance	and	Knowledge	of	results
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§ User interface feedback
§ Triggers following

players actions
§ Spatiotemporal

dynamics of 
feedback

§ In rehabilitation, 
patient physical and 
mind constraints
dictates interface 
behaviour (e.g.
slow reaction time)
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Feedback

•Triggers game commence
•The user expects this behaviour

•A	count down may give the
patient extra	time	 to get ready



§ System feedback

§ Modification of 
game elements
following players
actions

§ Positive (reward) 
or negative
(punishment)
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Feedback



§ Game feedback

§ Information about
game status

§ Control feedback
output channel:
§ Visual
§ Auditive
§ Haptic
§ etc
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Feedback



Feedback

§ Therapy feedback (a.k.a. extrinsic
feedback)
§ Information about treatment and progress

status
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Knowledge of	results Knowledge of	performance



Games developed with COMFeeDY

§ 4 new games developed with the
COMFeeDY framework

§ 1 single designer; 3 programmers in 3 
different institutions (INAOE, UABC and 
ProBayes)

§ Development time < 3 months
§ None of the programmers has any previous

expertise with game engine Unity, or game
development at all.

§ Clinical evaluation now in progress
(patient recruitment stage)



Games developed with COMFeeDY



Games developed with COMFeeDY



Games developed with COMFeeDY



Conclusions

§ Design frameworks may help designing 
consistent and reusable games for 
rehabilitation in a faster, simpler, and more 
efficient manner.
§ …hopefully helping VR to reach its potential
§ …unfortunately, design frameworks

themselves are still far from robust or
validated

§ The COMFeeDY framework incorporates
user and technical demands.



Future work

§ Quantifying gain due to developing under
the framework.

§ Increasing game (task) variety

§ Attending some of the framework
limitations e.g. cognitive aspects, medical
aspects, social aspects, better feedback
description, intergame interactions, etc
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OPEN CHALLENGES
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§ Improve game design
criteria taxonomy
§ By better 

understanding the 
necessities of 
rehabilitation games, 
specific aspects of the 
development process 
of serious games for 
rehabilitation can be 
streamlined
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Open challenges



Open challenges

§ Transfer of knowledge
§ It is critical to investigate indispensable 

elements that make a serious game an 
effective tool for rehabilitation, with special 
emphasis on transfer of knowledge from the 
virtual to the real world and identifying game 
elements that increase adherence to the 
games and by extension to the therapy.

§ This may further reduce the excessive 
reliance on premature clinical trials
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§ Functional
reorganization of the
brain
§ Employing

neuroimaging
techniques other than 
fMRI, such as fNIRS, 
will permit us to 
interrogate the brain 
with higher ecological 
validity
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Open challenges
Presented

at	fNIRS
2012



Open challenges

§ Current limitations in how the brain recovers
and relearns limit the impact of therapies
§ Virtual Rehabilitation (VR) a (yet) potentially

groundbreaking tool

§ Virtual Rehabilitation remains mainly oriented
as a compensatory and/or sustitutory therapy
§ …and even as these our knowledge about how it

modulates cortical activity remains very limited.
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THANKS, QUESTIONS?
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BACK UP SLIDES
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