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1 Introduction

1.1 Background and motivation

Until 1960 it was thought that the human brain Wwasdwired for functionalityref rose]. As a result the
loss of cognitive functioning due to brain injuryasvconsidered to be irreversible and untreatalfiereTwas no
active development of treatment or rehabilitatiorategies to cope with the consequences of bramade.
When the concept of neuroplasticity gained support
in the 1980s, this view of the hardwired brain tetar
to change and the potential for brain damage
rehabilitation was acknowledged. Neuroplasticity Cognition
entails the ability of the brain to alter existing
connections between cells, to form new connections,
to create new cells, and to resist to cell death. |
allows the neural networks in the brain to reorgani
their architecture and functioning through expogare
new sensory experiencgsef Wikipedia]. The idea
was first proposed in 1892 by Santiago Ramoén y
Cajal, and subsequently neglected for the next 50
years. Along with the support for the concept of
neuroplasticity and how it may enable brain damage
rehabilitation, virtual reality was investigated as
enabling technology for cognitive interventiofief
wiederhold 1998]. Wikipedia describes Cognitive
Interventions as “a set of techniques and therapies

practiced in counselindtef Wikipedia].

Cognitive

Intervention

The 1980s also saw the introduction of hor
computers to a broad audience. These pers(
computers were more versatile than the consoleaacaide machines that were used in the computerggame
industry. This industry thrives on the player toneback for more play time. This willingness to ageg with a
task such as playing a game has been termed niotijaef Garris] In some cases computer games have
engaged its players to such an extent that caggydealing with compulsive behavior found in Theekitan
Psychiatric Association’s Diagnostic and StatidtManual of Mental Disorders — Fourth Edition applcable.
According to Young excessive and compulsive videmg play may be interpreted as a type of addictidtm,
pathological consequencésf Garris] At the same time a common remark found in therdiure on virtual
reality based cognitive intervention is that thesreises themselves are not very motivating andlergihg
[ref]. These two extremes found in games for entertainraedtgames for rehabilitation seem to indicate that
there are possibilities for games used in cognitiverventions to use knowledge of games used for
entertainment, especially on how to motivate tp&iyers.

Figure 1 The main topics related to this thesis assignment

1.2 Literature review questions

The central topic of this thesis is virtual realibased cognitive intervention in clinical and home
environments. The available scientific and acadéieiature will be reviewed on the following thrgaestions:

1. What is ‘cognition’? How can it be clinically assed? What are the available strategies for clinical
interventions?

2. What are the do’'s and don'ts of creating virtualitg applications for cognitive interventions,
preferably in a home environment?

3. How can the design of computer games be interpateghproached in terms of the engagement and
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motivation of the player?

1.3 Approach

For accessing the literature a few online repasisowill be queried on a combination of keywordke3e
repositories include but are not limited to WebKofowledge, IEEE, ACM and Google Scholar. Informatio
from Wikipedia may be used as a background for nemecific topics from papers published through the
repositories. The keywords include but are notthchito cognition, cognitive, neuro, rehabilitatiagherapy,
training, learning, assessment, validation, virteality, games, motivation, affect, emotion andigie.

The findings from papers that are relevant to tcs presented in Figure 1, will be presentechinrtext
chapters. The following chapter provides a brigéfaduction to cognition and cognitive interventio@hapter 3
will present an overview of virtual reality baseabaitive interventions, and Chapter 4 will provige overview
of current approaches to designing motivationalggam
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2 Anintroduction to cognition and cognitive interventions

According to the Merriam-Webster online dictionahg term cognition originates from the Latin exgsien
‘cognosceretvhich means ‘to come to know’. How the processagfnition exactly works has for long been the
subject of multidisciplinary research. Section &a4rts with providing only a brief introduction $ome the key
stages of cognition that have been identified. Tinejude Perception, Learning & Memory storage,rieeal
and Thinking[ref Groome] Section 2.2 discusses the cognitive aspectsnotien, and how they influence
these stages of cognitigref Dolan]. Section 2.3 identifies of three levels of cognitiuactioning which are
relevant to the discourse of this thesis. Cognittan operate on the level of basic cognitive skiéeecutive
functioning and fluid intelligence. Section 2.4roduces the theory and evidence for ‘cognitive mesdref
Stern] a surplus of mental capacity which helps withuiegg, sustaining and increasing cognitive skdis
coping with brain pathology. Sections 2.5 and Bdhtify methods and instruments to assess theuslavels
of cognitive functionindref spreen] as well as strategies and methods for interveatighich aim to restore a
loss of cognitive functioningref buschert, cicerone 20Q0The final section 2.7 outlines which standardd an
recommendations exist for rehabilitating specifiegmitive functions[ref cicerone 2000, 2005, ref efns
guidelines]

2.1 Cognition in a nutshell Sensory
Input
Although the brain and mind are not susceptiblédmg described in by

block diagrams, these diagrams can be a valuabléntgaining a high level {_}

understanding of the underlying procesdegure 2shows how Groome, ! Perception

illustrates this process of knowing by identifyisgveral key cognitive| |

stages which are related to the flow of informatiBerception involves the {}

process of making sense of the environment thaeiseived through the | | o L
human senses. These include the ability to see, sewll, touch, and the < /] Memory storage [\
sense of balance and acceleration of the body.eTaigiities may be further| 2 { }

subdivided into more detailed processes. For igstavisual perception| g 5
comprises the processing of color, form, depthe siad subsequent pattern —— Retrieval p—
recognition [ref eysenck p56] Perception also involves processes |of c§
attention, which help with discriminating betweerlevant and irrelevant

information, and making appropriate selections ofhs information for

further cognitive processing. In a similar way ea€lhe stages of cognition

in Figure 2can be further divided into more detailed sub esathat are

executed sequentially or in parallel. Figure 2: A  simplified
Both the Learning & Memory storage stage and thei®eal stage that representation of the stages of

Groome identified are related to memory. The preag#slearning involves cognitive processing, which are

the encoding of perceived information into meanihgfepresentations. influenced by language and

Baddeley and Hitch introduced the multi store modélmemory fef emotion

Groome p63] where working memory allows for further analysiad

processing of information, while long term memory

makes passive storage of such information possitse. Phonological | Visuo Spatial

can be seem Figure 3 working memory exists of two Loop Sketchpad

passive short term stores for auditory (the phagio&d @ @

loop) and visual (the visuospatial sketchpad)

information, and one central executive componergr&h gncoded , Retrieved
active processing is done. The output of the memory Input d> Central Executive Information

processes comprises information retrieval by theraé

executive from one of the available memory stores. @
The final stage of cognitive processing that was

identified by Groome, involves a range of different Long Term Memory

mental activities. The process of thinking may Ui

problem solving, creativity, decision making and

Figure 3: A multistage model of working memory.
6
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theorizing[ref Groome p101]This process can also be interpreted to comphiseapplication of knowledge in
the appropriate situatignef Cicerone 2000 p1598].

Language is an important construct which influencegnitive processes. According to Cicerone et al,
linguistic processes play a very important rolehe general acquisition of knowledge as well asntieeliation
of several cognitive processes. Cognitive impaitn@ften produce impairments in communicative sKitbf
Cicerone p1602]Eysenk noted that the results from several stugliggest that language influences the ability
to think, perceive, memorize and retriguef Eysenk, p427].

Emotion is another construct which influences ctigmiprocesses. Since emotion is believed to have a
cognitive part and is more closely tied to mostdf all of the stages of cognitive processing,ilk ne discussed
separately in the following section.

A degradation of cognitive abilities and subseqlyemtdegradation of functional behavior can refualin a
number of different circumstances. It may resutrfrthe normal aging process, traumatic brain in{tigl), or
neurodegenerative disorders such as Alzheimer’'sParelinson’s diseases and demefiteé dsm-iv] Stroke,
which is a loss of brain function due to disturbes i the blood supply to the brain, and severatidgmental
disabilities such as Attention Deficit Disorder derdrning disabilities, all may lead to loss of oitiye abilities
[ref Rizzo 1998].

2.2 Emotion and cognition

Emotion can be defined as a psychological respaiseh is associated with the level of desirabitifyan
occurred eventef Dolan]. The perception and subsequent memory storage di@mbevents can happen both
with conscious direction of attention and with afxseof attention or awareness. Experiments havsistently
shown that visual imagery that is associated witioteon, such as spiders or snakes, are detecteel rapidly
than emotionally neutral visual imagenef Dolan] Thus, emotion causes a capture of attention ngatti a
more rapid detection of emotional events. Soundk ransic can capture attention and solicit or predan
emotional response in a similar wiagf Tajadura-Jimenez, p70, Picard p41].

The enhanced memory for emotionally relevant eventgie example of how emotion influences memory.
Both positive and negative feelings associated wea4tthier behavior aid in pruning the mental seagdce when
making similar decisions in the futupeicard pl11, dolan p1994Not only too much but also too little emotion
can impair the decision making processdsus emotion may introduce a bias in reasoning tdsyaor away
from a particular behavioral option. This constro@y help explain anxiety disorders such as photnid2ost
Traumatic Stress Disorderef Dolan, ref eysenck p563Through memory emotions enter into processeshwhic
are used on an everyday basis, such as reasomitigicth making, creativity, planning, curiosity aadcination
[ref picard].The latter two may be at the base of many effedéaening episodesef Picard p93].

To a certain degree, emotion has a cognitive agpéctEmotional influences are considered cogaitvhen
they involve appraisal, comparison, categorizatiaference, attribution or judgmefpicard p35] However
investigating the exact nature of cognitive aspeftemotions is a complicated task, due to manysipdes
confounding factors. Examples of such confoundiagtdrs are that emotions may appear as unobservable
thoughts only, and are subject to cognitive intetgron as well as interpersonal differenges$ Picard p39.]

2.3 Three levels of cognitive functioning

For the purpose of this thesis three different e cognitive processing should be identifiedsEibasic
cognitive processing entails elementary processkifjs such as perception or memory. Although these
processes may take the output of other processeiasnput, they are not in control over the otpeocesses.
The second level of processing is related to ‘etreedunctions’ref spreen, p171]These processes can control
other cognitive processes and are involved witmmileg, decision making and using feedback. Exeeutiv
functions play an important role in exercising bebathat is appropriate in a given context. Thiedthevel of
cognitive processing is on the level of generatlliggence. Two subcomponents of general intelligeae of
particular interest[ref Buschert] Fluid intelligence encompasses all functions labée for information
processing, abstract thinking and problem solvindependent from specific knowledge about the emvirent
or culture Crystallized intelligence on the other hand is d@bdity to reason and reflect on acquired knowledge
about the surrounding environment or culture.
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2.4 Cognitive reserve

In the literature on child development a correlatiietween a measurable Intelligence Quotient aath br
volume has been reported uppaf stern]. Similarly, activities of everyday living which stirtate cognitive
processes have been correlated to an increaseuioptasticity[ref stern, ref snowdenNeuroplasticity is the
ability of the brain to alter existing connectidmstween cells, to form new connections, to create cells, and
to resist to cell death. Stern embedded these pkgibal and physiological phenomena in the thécakt
framework of ‘cognitive reservéref stern] Cognitive reserve operates on two distinct leveisst on the level
of neural reserve, which is explains the differeniceneuron count that can be found among heatithyiduals.
And second on the level of neural compensationclvimplies that the brain can alter the neural igométion
underlying cognitive processes in order to copé Wwrain pathologyref stern].

Studies of healthy elderly concluded that an ireeeia cognitive reserve lead to an increase i thead
intelligence[ref buschert] Evidence suggests that physically and mentallydtting activities such as higher
educational and occupational attainment, degrdigeohicy, and leisure activities are the most gtdhttors that
contribute independently to cognitive resejnad stern, ref buschertl.he level of cognitive reserve is not fixed,
meaning that at any point during a person’s lifetiinresults from a combination of exposures toniigely
stimulating activitieg[ref stern].In healthy elderly it has been shown that cognitigeerve improves their
performance in everyday activities, and increases tlearning abilities for new content and stragsdref
buschert].

Cognitive reserve may play a significant role ie thrain’s ability to cope with neurodegenerativeedises
such as dementia or Alzheimer’s disease. Studiegymmy and cognition have reported that some stebgedfer
from substantial neuropathology from Alzheimer'sedise, but do not suffer from the commonly assatiat
degradation of cognitive skills, if anlyef snowden].Cognitive reserve can slow down the emergence of
cognitive impairments due to the consequenceseohttmal aging process or neurodegenerative disesas
as Alzheimer’s diseaspef stern]. The exact consequences depend in part of locatype, and amount of
neurodegeneration: some regions of the brain are ingportant than others for cognitive, social gmgysical
functioning [ref snowden 2003]Although neurodegenerative diseases reduce braistigity and learning
abilities, the cognitive reserve theory may explainy these consequences have been observed toléasat
partially reversibleor preventabléref buschert].

2.5 Assessment of cognitive functioning

Several approaches for the assessment of R ' S
individual's mental functioning exist. Integrativi e A1 T 5 ue
approaches provide an indication of an individua
overall cognitive capabilities. The Intelligence djiant P B [
test is a commonly known example of such a teste©l — ree n ue

assessment approaches aim at measuring more spe:
cognitive skills such as the processes underlyirthe second line is impaired due to the inconar
perception. Two examples are the Stroop t&dgkwin in font color P 9
Figure 4,which is used to measure processing spee.,
selective attention and to evaluate executive fanst
[ref spreen]. Figure Shows another example, the men
rotation task[ref Shepard p702hich can be used tdg
measure spatial reasoning skills. Spatial reasotng
used as a general problem solving strategy, arglitha
measure of general intelligengef Cohen, p89]For a
comprehensive overview of assessments for cogni
functioning seégref spreen].

Clinical assessments of cognitive functioning m
have a different approach, in that they aim to fyer
correct functioning of cognitive systems containied
specific brain areas. Alternatively their aim may to
investigate the general performance on activitiégclv

Figure 4: The Stroop task: reading the words

Figure 5. The mental rotation task: is the ri
object the same shape as the left one, or ro:f?
shepard]

8
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are part of everyday life. Brief screening tests @me instrument used in the diagnosis of cognitiygairments
associated with the degree of mental health. Thiend@ answers to a questionnaire are rated byclihiian,
resulting in a final score which indicates the &sbject’s cognitive functioning in relation to theerage scores
of the (healthy) population. Examples of such suregtests are the Mini Mental State ExaminatiorM$E),
Frontal Assessment Battery (FAB) and the GenerattRioner assessment of Cognition (GPCOG). For an
extensive overview of screening tests paedowell 2006] These tests vary in reliability, mainly due teith
susceptibility to be influenced by test subjeceénder, age, ethnicity and intelligence, or by défees in how
they are administered by different clinicidnsf brodaty, p87Q]

Interviews and direct observations are an alteraatiethod for assessing cognitive functioning. iClams
may use information obtained by interviewing famitgmber and caregivers about the everyday behakibe
patient in their diagnoses of Alzheimer’s or derreerdr rate the patients behavior using direct nlzgmn and a
behavioral assessment scale such as BEHAVHrADsclan, p819].

Two main criteria that determine the adequacy of mreasurement are reliability and valid[tef Rizzo
1998] The reliability of an assessment implies thatsistent results can be obtained, when it is appbean
individual with the same physiological or psychatad symptoms. The validity of an assessment inspiieat
the assessment (only) measures what it is supptmsedeasure. Traditional assessments often pose both
reliability as well as validity issudeef Rizzo 1998].

2.6 Methods and strategies for cognitive intervention

Cognitive intervention methods can be classifiedtiree categorie$ref buschert] The first category,
cognitive training, aims to practice skills withastlardized tests while assuming that an increasédevel
generalizes to an increased performance in nortipeacareas. The second category, cognitive stitoula
consists of therapeutic activities and group disicus aiming to improve general cognitive and doskdlls.
The third and final category, cognitive rehabiliat is an individual and personalized interventigra clinician
(possibly cooperating with family members or cavegs) that aims to improve cognitive functioning in
activities of everyday life. Cognitive rehabilitati makes no assumptions on a generalizing effect.

The different cognitive rehabilitation strategiemde interpreted in terms of the degree to whadnitive
functioning differs for what is considered to bermal for a healthy human beirjgef Rose] An impairment
implies an “abnormality of psychological, physiolcg or anatomical structure or functiom® disability implies
a lack of ability to perform an activity in a walgat normal, healthy people can do. And finally adieap
implies a disadvantage resulting from either aldigg or an impairment, which prevents the fulfilent of
activities or roles that are considered normalhWéispect to these gradations of cognitive funatigna number
of rehabilitation approaches were discerned by iGive[ref Cicerone].The different cognitive rehabilitation
strategies can be:

1. To reinforce, strengthen or reestablish patternbadfavior that were learned prior to the loss of
cognitive functioning.

2. To establish new patterns of cognitive activityotlgh compensatory mechanisms for impaired
neurological systems.

3. To establish new patterns of cognitive activityotlgh external mechanisms of compensation, such
as providing environmental support (for instanceuling virtual reality to evaluate how to create
‘dementia friendly’ public spaces, as[ief van schaijk])

4. To enable individuals to adapt to their disabibtyhandicap, in order to improve their overall leve
of functioning and quality of life.

2.7 Standards and recommendations for the practice of cognitive intervention

Cognitive rehabilitation can either aim to be restive, in that cognitive processes are systemibtica
retrained. Or it can aim to be functional, in ttfet training of observable behavior is emphasjzedRizzo]. A
clearly defined and agreed upon theoretical base/fiich type of cognitive rehabilitation is the medfective,
does not appear to ex|sef rose, ref Cicerone, ref buschert ref Cappal.

In 2000 and 2005, Cicerone et al performed a metlogital review of the scientific literature in vahi the
evidence for the effectiveness of cognitive rehieibn for persons with TBI or stroke was inveatied[ref
cicerone 2000, 2005T.hese extensive reviews led to evidence based meeoations for clinical interventions

9
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for the rehabilitation of attention deficits, visgpatial abilities, language and communicationdisti memory
deficits, executive functioning and problem solvangd motor planning deficits. Cappa et al repodiec study
with a similar setup and focus on cognitive intei@n [ref cappa 2005]lt is beyond the scope of this thesis to
list all of the recommendations that were notedthey may be specific to the cognitive functionattivere
addressed in the studies that were reviewed. Hawswme generalizing remarks can be discerned fhen t
literature. Interventions can focus on the rehgttibn of basic cognitive skills as well as exeegtiunctioning.

It is arguable that a comprehensive or holisticrepph is the best walef cicerone 2000, ref roseThis
approach combines individualized treatment (of dasills, or skills oriented at psychosocial or atignal
functioning) with group treatment (of social sKill®uring these interventions the clinician may et different
roles and responsibilities. They include activalg&ging the patient in exercises, and more pagsmehitoring
the patient’s performance and offering feedback dexiding on the teaching strategies cicerone 200D If a
computer program is used as an aid for trainintjsskuich as language and communication, it sholndyes
keep the clinician involved, informed and respolesifor the teaching strategies and content thatsisd.
Computer based training should aim to aid clinisjamot replace therref cicerone 2005]Furthermore, the
patient's performance can significantly improvetlife interventions should include training with difnt
stimulus modalities, level of complexity and resgornlemandgef cicerone 2000]This appears to increase the
benefits of the intervention and may facilitate gemeralization of the learned skills to (InstrutadnActivities

of Daily Living (ADL). As an example consider a uisspatial ability such as the Mental Rotation Taslich
requires the two images to be visually scannedpaindessed into working memory before a decisionheir
equality can be made. Visual scanning is a key itwgrability which is required in many everydayusitions
involving reading, writing and arithmetic probleinsf cicerone 2000].

Cognitive interventions seem to have the most efiacdhose with mild to severe cognitive impairnsgnef
cicerone 2000]It appears that cognitive rehabilitation producesager improvements than pseudo treatments
such as mentally challenging leisure activifiégerone 2005]However this conclusion is in contrast with the
results obtained by Snowden where brain patholegpd@ated with Alzheimer’s Disease did not leathtoloss
of cognitive functioning, presumably because oflthisure activitiegref Snowden]More clinical studies need
to be conducted that perform a well defined cotgtblexperiment, to increase the available evidermen
which future recommendations can be made.

10
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3 Virtual reality based cognitive interventions

In 2005 Rose noted that virtual reality applicasidor cognitive rehabilitation face the same chajks as in
the 90gref rose].This chapter will not provide a detailed overviefithe virtual reality based applications that
have been made to support cognitive interventibasmore so to find out what can be learned froemthvhen
designing or implementing new applications. Sectowill start with providing a virtuality continuurfref
Milgram] for identifying applications that aim to presemt alternate reality to one or more observers. The
continuum encompasses reality and virtual realgyta@o extreme opposites, and all forms of mixed or
augmented reality in between them. In section 3kRief summary will be provided of the differeninkis of
virtual reality based applications for cognitivaerventions[ref Wiederhold] with a side step to computer
games which are based on tasks that have been shamprove neuroplasticity and cognitive skilisf Haier].

Section 3.3 outlines some of the human factorsahainvolved with virtual reality based applicatso The
categories of factors which affect human performeaaie introduced, which are related to task chariatcs,
individual user characteristics and the limitatioofshuman sensory motor physiologsef Stanney 1998]
Cybersickness and other side effects are mediayedskr characteristics, system characteristics tast
characteristics, and may never be completely ptedéref Cobb, ref Lewis]All these factors present potential
Health and Safety issugef Stanneylthat need to be considered when designing a Vietwaronment. Section
Error! Reference source not found.identifies and discusses the Strengths, Weakne&ggsortunities and
Threats associated with virtual reality based riitatiion [ref Rizzo] for use in a home environment. The final
section 3.5 discusses design recommendations dovittual environments and the rehabilitation pecoldref
rizzo, lewis]that have been identified in the reviewed literatu

3.1 From reality to virtual reality

In 1962 the US Patent Office awarded a patent totdvioHeilig for what he called a Sensorama Simulato
[ref Heilig]. This device, showm Figure § could provide the illusion of an alternate rgatdt one to four users
by presenting them with visual, olfactory, auditcaynd . e
tactile stimulations. Heilig saw potential for suahdevice
to be used to provide industry professionals wi#tining
and instructions on the maintenance and manufagwi [
complex machinery. In 1965 Ivan Sutherland propgsed ¢
Sutherlanfland later created a computer system that us€
head mounted device that had to be worn by the ase S
shown inFigure 6.The partially opaque nature of the he &&=
mounted device enabled the wuser to still see B
environment that surrounded him, but partially asgted
with computer generated imagery. Physical movements
the users head were measured by position and atimt &=
sensors, which enabled the computer to update *-~
perspective of the generated visual imagery acoglyli Figure 6: Heilig's Sensorama Simulator on the |

and Sutherlands head mountgidnage source

Milgram devised the virtuality continuum as shown google image].

Figure 7, and an accompanying taxonomy to classuy
applications that aim to create an illusion of an

; ; ; ) Real Mixed Virtual
alternate reality[ref Milgram]. Since Sutherland’s _ .° ) Reality —)) Reality

system did not completely replace the users T T
perspective on reality, but augmented it with gregh Augmented Augmented
elements modeled with a computer, it is classifisd Reality Virtuality

an ‘augmented reality’ application. Similarly sincerjgyre 7: Milgram's virtuality continuum in simg
Heilig’s Sensorama Simulator completely replaces thgg .

user’s perspective on reality, it is commonly peree
as the first instance of a ‘virtual reality’ apglteon.
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These initial technologies for presenting the weigh interactive virtual or mixed reality environms have
been succeeded by many more. Desktop computer anerian be used to present the user with a non-
immersive ‘window on the worldref Milgram], while stereoscopic projection displays provideygpartial
immersion by creating the illusion of a virtual ebis floating in front of the display surface. Sarly the
diversity of interaction devices has increasecerirify a variety of computer mice, joysticks, dalavgs, game
pads and inertial sensors, among others. Finalycdmmonly available computing technology has b&com
more capable of performing the calculations reglif@ representing smoothly animated, visually raoid
dynamic virtual environments.

3.2 Addressing cognitive functioning with virtual reality based applications

Some areas of particular interest in which appbeet of virtual reality are being researched aneetwed
are in clinical psychology, and in the cognitivedareuro sciences. Virtual reality can be used agsaassment
or intervention instrument for the clinical treatmef psychological disorders. Studies have beerdwctied
which focused on cognitive behavioral therapy fag tehabilitation of anxiety disorders such as tddreights
(acrophobiajref tudelft], fear of flying (aviophobia)ref tudelft], fear of open spaces (agoraphobia)nkman,
2008]and social phobigorinkman, 2008] Other applications involve the rehabilitationapixiety disorders such
as Post Traumatic Stress Disorders for war vetgirtam, Iraq and Afghanistaief Rizzo, Rothbaum]For
a more comprehensive review on how virtual redlég been used for treatment of anxiety disordess|rsf
krijn 2004]. Virtual reality applications have also been depebb to clinically rehabilitate a degradation of
cognitive functioning resulting from a range of efises including Alzheimerisef rizzo], schizophrenidda
costa, 2004Jor conditions such as autisfparsons, 2002hand intellectual disabilitiefref standen 2005]A
functional overlap exists in many of these appi® in that they can aim to achieve similar gaalsh as
training with activities of daily life which suppomore independent living, enhancing cognitive perfance
and improving social skills.

Another area in which applications of virtual reali
have emerged is in the videogame industry. Sinee
late 1970s computer games have attracted and ehg
many enthusiastic players. However in order to lide 3
to play these games, an individual had to havebane
average understanding of how to operate computets
their software. In the recent years technology gantte §
manufacturers such as Nintendo have been at
forefront of marketing their gaming platforms to
broader audience. Their focus has been on cres
consoles (such as their handheld console the Ninte
DS) and input devices (such as the Wii Remote)
allow for more intuitive patterns of interaction ivh St
are accessible by not just the technology savvibpla
much broader audience.

One of the games that Nintendo published for t
DS handheld console is ‘Dr. Kawashima’'s Bra -

.. tRight
Training’ (seeError! Reference source not found). In iRotate

SDravw mext

essence this game consists of a collection of MEEER

games, short games which require only a few miniote I EREia

play. Each of these mini games requires the playe [ g
complete simple cognitive tasks, such as readiagdal ;
and performing arithmetic calculations. A cliniclidy
with patients diagnosed with dementia of the Alntesi
type was conducted by a group of researchers lecFigure 8: Brain Training (top) and Tetris (botton
Kawashima [ref Kawashima] Some of the patientstwo simple computer games which exercise cog
practiced with reading aloud and performing aritismefunctioning[image source: google images].

calculations two to six days a week for a periodiaf

STATISTICS
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months in total. Other patients did not receive thiining as part of a control group. Based ondated methods
for assessment they concluded that the mentalifumiay of the patients who had received the trajniad
improved significantly.

Another study performed by Haier et al used braiaging techniques to investigate the impact onnbrai
plasticity of structural practice with a simple wisspatial tasKref Haier] Test participants were required to
play a computer game for about 1.5 hours a weekh®rduration of three months. Tetris ($égure § is a
puzzle game in which falling geometric shapes rbestotated and moved so that they stack up atdtierb of
the screen in such a way that no holes are lefh.ofpter three months of playing the game the Maigne
Resonance Image (MRI) scans of the participangnsrshowed an increase in brain plasticity in ra@ avhich
is suggested to play a critical role in multimogalceptual analysis. These changes were not prestra MRI
scans of test subjects from the control group, whbnot practice with the game. Although their fimgs
suggest that playing a game of Tetris is processe@d general cognitive puzzle instead of a menmubrize
procedure that leads to a solution, they also nittatlit remains to be determined if these chaggeeralize to
performance changes in other cognitive domainsh(sas working memory, processing speed or spatial
reasoning)ref Haier, p] The effectiveness of cognitive rehabilitationngstifferent computer game scenarios
has not been researched sufficiently, and gamesetrspecifically for rehabilitation purpose ar¢ designed to
be motivationalref flores] More studies are needed that investigate twotmqumssrelated to computer games
used for rehabilitation. The first question is whia design criteria are that satisfy both the meati the rehab
program as well as preferences of most elderlysuseprder to create a motivational program thatmtes
patient adherence. The second question is whethéheo shelf commercial games suitable for rehtiithn
purposes, or if specific games must be developed.

3.3 Human factors in virtual reality based applications

Three categories of human factors are relevantifaral reality based applications. The followingctons
will discuss which characteristics affect humanf@@nance in virtual environments, the issues polsged
cybersickness and other side effects that can deconr exposure to virtual environments, and theltheand
safety issues that may be caused by these fagtdrthas need to be taken into consideration wheigdimg a
virtual environment.

3.3.1 Human performance in virtual environments

Stanney identified a number of categories of facttnat influence human performance in virtual
environments. These factors include task charatitesj individual user characteristics and the thtons of
human sensory motor physiolofef Stanney 1998]Some tasks may be better suitable for embeddirgy in
virtual environment than others. As an examplertaal reality based Mental Rotation Test may o#editional
perspective and depth cues which support the ¥asile a virtual reality based Stroop test might paivide any
additional beneficial cues to the taglee Figure 4)ldentifying which tasks are suitable to performvirtual
reality requires obtaining an understanding ofrtHationship between task characteristics and ¢theesponding
virtual environment characteristics, such as thedrfer stereoscopic or monoscopic presentation|ete of
immersion and the amount of interactivitgquired [ref stanney'he control and the speed of movement in the
virtual environment also influence human perfornenef lewis 1998] As an example, orienting the view in a
specific direction may be performed quicker and emnarecise in an immersive environment with headkirs
as an input paradigm, rather than in a window entbrld environment with a gamepad as an inputdigina

Individual user characteristics are also a categdrfactors that influences human performance ntusl
reality. Individual differences can be related tdormation input, throughput and outpigtanney 1998].
Examples of information input differences are imepillary distance, which affects the suitabilifya HMD,
and disabilities such as color blindness. Infororathroughput relates to the individual differengesognitive
and perceptual styles. Some people give preferémcésually presented information, while others fere
auditory presented informatigmef Holbrook]. The user’s level of experience with computers aochputer
games may also influence task performance, adliteimces the skill level and the manner in which task
related information is organized and understoogeixand novice users may have different requirésnand
capabilities which may not necessarily be compatibleficits in perception and cognition, possil#jated to
age, also influence human performance, as theyimpgir the ability to learn or execute the taskha virtual
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environment.

The third category of factors that influence humaerformance in virtual environments concern the
properties of human sensory motor physiology. Téleviant physiological and perceptual issues asa@lto
visual, auditory and haptic and kinesthetic perioggstanney, 1998[The human visual system is very sensitive
to anomalies in perceived visual imagery, espsacialhen motion is involved. If a virtual environmeist not
able to approximate optical visual flow cues thbe sense of presence will decreqsd stanney].When
stereoscopic imagery is presented to the uses, dtiiical that they are adjusted to the user’silpgdigtance.
Furthermore the limited Field of View (FOV) that HINs offer is a major factoDisplay characteristics such as
contrast, luminance and resolution can also beceswf perceived anomalies. Furthermore systemciagsilso
be sources of perceived anomalies lewis]. Examples are the update rate of the visual reptagon and any
delays between user input and the accompanyingtingdaf the representation of the virtual enviromtd-or
auditory perception the 3D localization of soundyrba the most important property to understanayrder to
maintain a sense of presence. However this is digmeron the task that is presented in the virtnglrenment.
For instance, a virtual environment that aims &inta user how to cross a street that is busy waffic, it may
be essential to incorporate sounds that can besipert from distinct directions. When a virtual eoviment
aims to train basic visual cognitive skills, thisyrbe of less importance. Tactile and kinesthetgicgption may
be of even less importance for virtual environmesupporting the rehabilitation of cognitive skillsll these
properties of human sensory motor physiology mégcathuman performance in virtual reality. Theyoatsay
play a role in causing side effects during or aéeposure to a virtual environment, which in turaymaffect
performance. These side effects are briefly dismigs the next section.

3.3.2 Cybersickness and other side effects of exposure to virtual environments

Cybersickness has been identified as one of thet mmgsortant side effects of exposure to virtual
environments, as it may have consequences forhhaall safetyref stanney] Symptoms of cybersickness
include, but are not limited to, nausea, disorigoaand postural instability. These symptoms mayeha
lasting effect, until some time after the expostoghe virtual environment has ended. Theorieseofsery
conflict are most widely used to explain the pheanan[ref cobb] These theories postulate that the symptoms
may occur as a result of a perceived conflict betwthe three major spatial senses: the visual raydtee
vestibular system which contributes to a senseatsrite and spatial orientation, and the propridee®ystem
which contributes to a sense of the relative pmsiof parts of your own body. A virtual environmeain cause
sensory conflict during exposure to virtual envirants in the situation where a handheld input deigaised
to move through the virtual environment, withoutygically moving the body. The visual system recgive
signals that indicate self motion, but the expesigdals from the vestibular system are absenttifarexample
is when changing the head position or orientateEsults in a (due to system lag) delayed updatbefisual
representation of the virtual environment.

Much research has been done to investigate cykresis and other side effects which can be caused by
exposure to virtual environments. Cobb reportecorinvestigation of possible symptoms and theieatff on
human behavior and performance both during and efjgosure to the virtual environmgnef cobb]. Physical
symptoms in the form of body part discomforts weaeised by the ergonomic aspects of the HMD and the
handheld input devices that were being used. Blogical symptoms that were reported included aneiased
heart rate during exposure to the virtual envirommeewis lists an overview of additional symptothat were
reported such as eyestrain, visual fatigue, heajaahd difficulties in focusindref lewis]. Changes in
performance related to postural stability, psychmmnaeontrol, visual perception and concentratiomemeoted
by both Cobb and Lewis in a period following thepesure to the virtual environment. Variability Hasen
noted in the duration of the aftereffects. For 28%he participants who reported them, the sidect$flasted for
more than 1 hour. For 8% they lasted for more tBanours|ref lewis]. Similarly Cobb noted individual
differences between the participants in the presenfc these side effects, and concluded that indalid
differences may be the most important determinantpfrticipant’s experiences of side effects. 200the
participants did not report any side effects at @% reported only mild side effects, while thenagning 5%
reported severe cases of side eff¢a§ cobb] A confounding factor may be that some participaadopted
strategies for interacting with the virtual envineent that reduced the possibility of side effeais ddso may
harm their performance, such as reducing the amotiritead and body movement. Lewis presented and
discussed a list of factors that influence all éhaegle effects of virtual reality, grouped togetirerseveral
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categoriedref lewis]. The first category relates to of user charactesssiuch as age, gender, medication and
prior exposure to virtual reality systems. The setoategory relates to system characteristics, asdttisplay
properties and lags. The last category relateagk tharacteristics such as movement through aechation
with the virtual environment.

3.3.3 Health and Safety issues

Although the side effects that have been descrilbekle reviewed literature are all transient inunef they
may pose serious dangers to personal health aetly.s&tanney discerned three levels of effects thay
potentially be harmful to personal health and gdfetf stanney] Examples of direct microscopic effects are eye
damage caused by ocular problems during prolongecbtiHMD’s. Direct macroscopic effects may arismarf
reduced performance after exposure to virtual envirents, due to cybersickness or postural imbaanidee
latter may lead to postural sway and increaseisieof falling [Lewis 1998].Indirect effects may be caused by
decreased performance due to some side effects asucduced hand eye coordination. These afteteffieay
be harmful to real world tasks such as particigatin traffic. A criticism on using virtual realityor
rehabilitation of social skills is that it may cauan overreliance on, possible addiction to or sfisee with the
virtual environment. Ultimately this may resulttre patient declining real world social interaciom this way
the preference for the ‘safe haven’ that virtuatiemments provide may actually hinder the develeptrof
‘real world’ social skills[standen, 2005].

3.4 An analysis of Strengths, Weaknesses, Opportunities and Threats.

Rizzo published an analysis of the Strengths, Wesdas, Opportunities and Threats (SWOT) that are

involved with using virtual reality based applicats for cognitive rehabilitatiofref rizzo swot] A Strength is

an attribute that is internal to the applicatiom &mat is helpful to achieving the objective, whalé\Veakness is

an attribute internal to the application that ignmfal to achieving the objective. An Opportunity @&
environmental attribute (that is external to thelaation) and is helpful to achieving the objeetiwhile a
Threat is an environmental attribute that is hafrtdliachieving the objective. Rizzo’s analysis sehas a base
for the analysis that will be presented in thedwihg paragraphs. Some of the issues he notedameiteed, and
some others have been added that were collected dtber relevant publications. This has lead toN0F
analysis as shown iRigure 9 which is more tailored towards virtual realitysked rehabilitative applications for
use in a home environment.

3.4.1 Strengths

The primary strength of virtual reality based caoigeiintervention is related to the fidelity of thesessment
and intervention environments that it can offere Tinician can have precise control over the exposo as
well as complexity of the environmental stim{lef rizzo mr, burdea]Furthermore virtual reality offers the
possibility to improve the standardization of thensli that are presented, through quantificatidmultiple
characteristics of the stimylief rizzo 1998 mr project[The training environments themselves can be degdigne
to rehabilitate basic cognitive skills, executivendtions as well as fluid intelligence. They cafepfgraded
exposure to ecologically valid training environngerib allow practicing activities of everyday lifall these
capabilities extend the differential diagnostic aaifities of conventional methods of assessnjezit Rose].
Examples of ecologically valid environments are N&RE to practice with the activity of grocery shoppfor
patients suffering from Alzheimer’s disegsef|, or Virtual Reality Exposure Therapy for the treant of the
fear of flying[ref]. If such environments are made available for jpri;mg at home while keeping the clinician
informed about the patients progress, the cliniciey not need to spend as much time administedpegtitive
exercises and can spend that time on other ae8wvir patients. Engineering methods from Human Goenp
Interaction research may provide the means toegaversally accessible applications, both withares to the
Graphical User Interface as well as the input degianfiguration(s) being adapted to the diversesjoihygical
abilities of the clinical population. Commodity (@umer grade) computing hardware nowadays has bnoug
processing and graphics power to support virtualityebased applications. When this technologyamsbined
with internet connectivity and becomes readily asidde to a large group of people, there is anemsed
potential for rehabilitative applications to betdlsuted. AsRizzo (check?hoted, normally the therapists are
distributed geographically uneven among the pojarafref]. They are more likely to operate in or near urban
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HELPFUL HARMFUL
In achieving the objective In achieving the objective
e High fidelity assessment environment e Interface challenge: wires, displays and
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£ training environment . Interface challenge: Providing universal
o |* Ecologically valid training environments access for entire (clinical) patient population
Z % |» Semi-autonomous training at home can free may be impossible
) % up clinicians time for other activities e Side-effects during or after usage may never
X g | Interfaces can be modified to match the users be completely avoidable
3 s specific sensory-motor impairments e  Engineering challenge: Usability affects both
< ‘e |* Low cost consumer grade computing and clinicians and patients
Z graphics hardware commonly available e  Engineering challenge: performance measure
5 % |+« Gaming factors can enhance users extracting, management, analysis and
3 motivation visualization
r4 s | Economy of scale e Engineering challenge: creating ‘ecologically
E valid’ environments can be a significant

amount of work
. Cognitive deficits can be individualized and

diverse
*  Emerging technologies: ergonomic and o  Safety and health issues, not just for
wireless interaction devices cognitive or sensorimotor impaired
e  Emerging technologies: wearable computing |,  gjgeeffects lawsuit potential
providing physiological monitoring e  Ethical challenges
»  Create rehabilitation applications with o  Privacy issues with telerehabilitation

widespread intuitive appeal to the public

e  Address cognitive deficits during preclinical
stages of neurodegenerative diseases
Increase cognitive reserve, delaying or
preventing clinical effects of
neurodegenerative diseases

. Situated cognitive intervention

. Telerehabilitation

EXTERNAL ORIGIN
Attributes of the environment

Figure 9 SWOT analysis of virtual reality basedatititation for home use

areas than rural areas, meaning that not evergenithas equal access to specialized health cate agic
cognitive rehabilitation.

Examining the design and engineering of computenegatechnology may lead to some useful suggestions
about how to design therapeutic exercises thatgengad motivate the patient. According to Burdemes of
the characteristics of conventional therapeutic@ges are that they are repetitive in nature and to decouple
the mind, which may reduce the motivation from plagient to engage with these exercige$ burdea 2003]
Which aspects of the design and engineering of cbenpgames may contribute to an increase in patient
motivation will be examined in another chapterto$titerature research.

3.4.2 Weaknesses

Even though in the last decades the availability parformance of computing and graphics hardwase ha
increased drastically, the development of HMD’s antkder peripheral devices is lagging behinef Rizzo
2004]. Immersive virtual reality applications thus remaiostly and affordable only to research instituted a
large organizations. Furthermore those periphéhaisare available may suffer from ergonomic isssash as
the weight of HMD’s or the wiring that still is conon to many input devices. Accomplishing truly wersal
access that allows the entire target audienceddhgssystem may also be impossible. Even withtitersity of
input and output devices that are available, tieag always remain some people who due to physicébgi
impairments cannot operate conventional input devid\nd as mentioned in the previous chapter, iddal
user characteristic may make some people more #ildeeto cybersickness, or less capable of adgptin
operate a virtual environmefref lewis]. The side effects may be partially marginalized byirecreased quality
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of peripheral devices such as HMD's. However duth&individual user characteristics that contiébiat them,
they might not be completely avoidable in the fafuef Rizzo, 2004].

A number of weaknesses are related to engineefadenges. In theory they should not have to be
weaknesses because the engineering methods anpraetstes are well known and documented. However i
practice, as Rizzo noted, immature engineeringgeses often lead to suboptimal resiits Rizzo SWOT].
The usability of a virtual reality based rehabiiita system is often perceived in terms of the ubet is
engaged with the virtual environment. However theidgan who may also be present and to some extent
engaged in direct control over the stimuli that presented in the environment, is another typesef that is
often overlooked. Since most clinicians are raralgo trained computer scientists, they need to be
accommodated with automated performance measuraceah, analysis and graphical visualizations. The
clinicians may even be novice instead of expertmater users, so that the graphical interfacesiemtmust be
tailored to match their needs and capabilifie§ rizzo]. During a therapeutic session their primary conceay
be to interact with the patient, and not with colitng the simulation. This must be taken into adesation
when designing a GUI which supports the cliniciathwhe appropriate level of automation or abstosmcfrom
the details. Another engineering challenge thaightly related to the usability argument is thiamnay take a
significant amount of work to engineer ‘ecologigallalid’ training environmentgrose 2005].A common
criticism on these environments is that the assiomuif a static world is being made, with very felaanges in
situational demandgef morganti].And given the diversity in manifestations of cogr@timpairments, it may
be that many of such ecologically valid, complexd adynamic virtual environments are required to
accommodate the needs of the entire clinical pojpunla

3.4.3 Opportunities

Virtual reality based rehabilitative applicatiors fise in a home environment may benefit from abremof
emerging technologies. During recent years somaitirgevices have become available with ergonomic
properties that may be more suitable to people litite to no experience with computers. They imlgwcustom

Figure 10 Emerging input device technology: Pi Engineeringe}s (left), Microsoft Natal (center) and
Nintendo Wii Remote (righ[image source: google images]

keyboards that can be configured with differenibed and colored keys, to match the user’s pere¢@nd
motor skills such as shown iRigure 10.Another category of input devices allow for mormbedied
interactions. Devices such as the Nintendo Wii Renalow users to interact with virtual objects nrore
naturalistic ways. Objects in virtual environmengn be selected by pointing the device at thempaassing
one or more buttons for further manipulation. Mawfi's announced technology with codename Natalnis
input device that allows for users to interact wittiual environments by speech recognition, facgognition
and full body and gestural movements. This comyleteminates the need for the user to physicatjdrand
manipulate an input device. Another emerging tetdgyof interest may be in the area of wearable paing.
Sensors embedded in clothing may monitor the usgpeovide physiological measures of the usertstuch
as heart beat rate and galvanic skin response, whegaged with the therapeutic tagksf burdea] If
applications can be created that assess, rehabiditad increase cognitive skills, as well as havédespread
appeal to the public, the opportunity may arisedddressing cognitive deficits during the prechiistages of
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neurodegenerative diseases. Backman noted thatderiod of up to eight years prior to the clinidelgnosis of
Alzheimer’s disease, impairments in multiple cogeitdomains can typically be observg@f backman].
Furthermore measures of executive functioning, agdcs memory and processing speed may be helpful in
identifying individuals who are at risk of develagidementia or Alzheimer’s disease at a later stfighese
games are designed to be challenging in differeghitive domains, as well as played regularly, ttrey may
lead to an increase in cognitive reserve. Thisiin thay delay or prevent the degradation of cogmisikills due

to the neurodegenerative diseasesStern, Buschert]

Situated cognitive intervention may provide theigras with therapeutic activities in their home-
environment. This could for instance be by presgndind supporting the patient with practice tasksl as ‘do
you remember where your car keys are? Could yoasplgo find them?’) which must be performed. Thalfi
opportunity of interest is the possibility for tedlehabilitation. This involves the patient engagimgh some
rehabilitation exercises at home, with the climici@motely monitoring the progress. Telerehabittatonly
extends the clinical part of the treatment, it does replace it. It may make rehabilitation moreessible to
patients who do not live in close vicinity to thkncs, which usually are located in urban ar@ad]. As it
reduces the time that a clinician must spend orotteeto-one administration of repetitive exercisefees up
the clinicians time to engage with other tasks threo patients. Compared to traditionally prescrilhedne
exercises, the remote monitoring may increase #tierg’s compliance and reduce the variability reatment
outcome. Furthermore, telerehabilitation may redheeotal cost for health caf@urdea]

3.4.4 Threats

There are also a number of threats to the appicadf virtual reality for rehabilitation of cognig skills. A
number of potential Health and Safety issues mauri@e/oidable, due to the interpersonal characiesishat
may cause cybersickness or other side efféet§. Side effects such as postural instability may het
significantly present with younger and healthy ssafrvirtual environments, but with elderly thesgeseffects
may become more relevant. Cognitive impairmentsedlby aging, TBI or neurodegenerative diseases may
further increase the susceptibility to side effeantsl the risk of injuries during or after expostoehe virtual
environment. This may result in people filing lawswagainst the providers of the technology, wigthaps in
some cases a fair chance of winning the argument.

A number of ethical challenges accompany the intcadn of virtual reality based technology. Althdug
pilot studies that were conducted provided prongisesults, the rehabilitation protocols that aredusave not
yet been validated. This implies that patients doukceive more benefits with traditional approaches
[castelnuovo, 2003]The remote monitoring that telerehabilitation magessible may also raise some ethical
issues. Patients may be concerned about theirgyribaing safeguarded with sensitive medical infaroma
being sent across the internet. Or they simply matybe open for someone to scrutinize their bemawidcheir
private home environmeffitef Rizzo 2004]Just as is the case with some computer games, msgrdevelop a
dependence on, or addiction to these virtual enments[ref Rizzo 2004].These ethical issues need to be
considered when creating virtual reality applicasidor use in a home environment.

3.5 Design recommendations

A number of design and engineering recommendatwifisbe listed here that are based on the SWOT
analysis that was presented in the previous sedimeording to Rizzgref Rizzo, 2005jan effective strategy for
the design and engineering of applications is ke tdvantage of the Opportunities by employingirengths.
The Threats should be proactively addressed wioiteecting or compensating for the Weaknesses tleaée w
identified. The design recommendations that candted are related to the virtual environment itsatifd to the
rehabilitation protocol that is used.

3.5.1 Virtual environment recommendations

When considering the use of virtual reality applmas for cognitive rehabilitation, finding the aver to a
number of basic questions may help with explorihng possible design space. Rizzo published a sefies
guestions or consideratiofi®f rizzo] which were often repeated in subsequent literdtafemcgee, ref|[ The
development and deployment of a virtual realitytsysmay require a significant investment of timeney and
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other resources. The benefits that results from déeeloped application must outweigh these coste O
consideration that must be made is whether the gatmabilitation objectives can be accomplished gugin
simpler and less expensive approach. As an exarivleray et al reported on an immersive virtual itgal
application for the rehabilitation of phantom limphin[ref Murray et allwhile Ramachandran reported on using
an ordinary mirror from a “five and dime” stojieef ramachandrangith similar clinical results: the reduction of
perceived phantom limb pain. Although there maypéeefits to using an immersive virtual reality lmhsgstem,
according to Rizzo the primary aim should be “etggsimplicity” [ref rizzo 1998]instead of technological
prowess

Another important consideration posed by Riztiquestion how a virtual reality based apprazshbe
optimized to match the characteristics of the fagmical population. The target audience may leyv
heterogeneous in areas including apprehensiveoesseta HMD, differences in the capacity to learogerate
a virtual environment, and in the susceptibilityctder sickness and other aftereffects. This sugdkat it may
be beneficial to involve user representatives withdesign of some specific aspects of the systéey should
be chosen to represent all the different user typlesh will interact with the system, including ender
(patient), clinician as well as researcheEurthermore, design methods such as [ref Grams@004] that
promote universally accessible interfaces couldised to increase the accessibility and usabilitythe target
audienceThis covers both the Graphic User Interface as agthe input (e.g gamepad, keyboard) interaction
that is required. Users that are not able to attaphe particular input device, may be able to at@@mnother
and still use the virtual environment. Furthermoaffordances may be designed that assist the lsers
interacting with the virtual environment much asythwould interact with the real wor[def].

Some clinical populations such as the amnesic, natybe able to distinguish correct from incorrect
responses, and can use errors as cues for suecgssiformanceref morganti] For them the virtual
environment must support error-free learnifgr others virtualinreality may be a more appropriate paradigm
to take into consideration, as an unnaturally tegbed of presentation of stimuli in the virtual ieonment
requires a higher cognitive information processpgedref mroganti].Riva notes that in virtual environments
aimed at cognitive rehabilitation, reproducing [secphysical aspects of a virtual environment mayldss
important than the possibility of interaction tlitaallows. In clinical oriented environments the level of mese
has been found to depend on the level of intenactia@ possible interactivifyef Castelnuovo 2003].

A few recommendations for preventing side effeatshsas cybersickness have also been noted by I[exfis
Lewis]. The latency in the system should be minimized, evtile update rate for the visual displays should be
maximized. If HMD’s are used, then the amount chAdhenovement that is required should be minimizéd. |
cognitive travel in the virtual environment is régal, then it should be initiated by natural mednsossible.
Moving images that are perceived by the peripheisibn, in absence of the accompanying vestibutad a
somatosensory information such as body movemenband and joint positions, can induce a strongesefns
vection (self motion) and can be highly nauseatiRgrceived vection may cause inappropriate postural
adjustments, so physical support such as handoriternesses may be particularly useful for irgirgathe
user’s safety.

The Threats that were identified in the previougiea may be partially avoided by the design of vireual
environment. The possibility for cyber sickness atiter side effects may be reduced by careful desighe
task characteristics and the system characteristmsinstance instead of a HMD a projection scresy be
used, and the input devices that are used cowd dhe user to sit down while using the virtual ieowment.
Some ethical issues such as the possibility forictidd to the virtual environment may be reduced by
incorporating a feature which, when the patient esakufficient progress with regaining cognitivellski
gradually starts suggesting that the patient fladsire activities that require more real-worlcenatctions.

3.5.2 System recommendations

The application may consist of more than a vireralironment which is presented to the user. Fomgka
it may incorporate a tool which allows the theraps process or view performance measures that masg
been recorded while the user was engaged with itheavenvironment. This may happen during or after
user is engaged with the virtual environment. Tlaeds to a number of design recommendations whieh a
aimed at how the system functions. The first recemsation is that during the design phase it shdad
considered which performance related data shouteédmdedref rizzo swot] This recorded data often must be
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further processed for analysis. This may help tieeapist to perform a differential performance gsial or find
answers to questions such as ‘Which cognitive Bl improved during the sessions? Which have .nbhis in
turn may aid the therapist with determining therdéipeutic strategy. Another recommendation is rdlédehow
much control the therapist has over the stimuli #va presented in the virtual environment. Ontheffindings
of the Virtual Reality Exposure Therapy researchalat the Delft University of Technology, is thabtmuch
control over the stimuli in a virtual environmenaynlead to cognitive and task overload for the dpist[ref
Brinkman]. Cognitive overload results from the GUI becomiag tomplex for the therapist, who might not be
an experienced computer user, due to this requirefoe fine grained control. This complex GUI sdtca lot
of attention of the therapist, which decreasesttention that is available to spend on engaging thie patient.
And finally such fine grained control over the meted stimuli may increase the possibility for esravhich
result in an inconsistent presentation of stimalithe virtual environment, which may harm the seoke
presence. At the opposite of such fine grainedrobover the presented stimuli is that the thertagétermines
the content of the virtual environment prior to gession with the patient. This allows the thetajoisengage
with the patient almost exclusively, at the possibkpense of being able to adapt to specific néefdthe
patient) for practice that may arise during a $#ssi

3.5.3 Rehabilitation protocol recommendations

A number of recommendations with regards to thabéitation protocol have been made in the literat$ince
individual user characteristics are a contributfagtor in the possibility for side-effects to occwpecial
measures need to be taken into consideration. [Ehids to the following suggestions for the rehtdtibn
protocol[ref Rizzo}.

* Prior to exposure to the virtual environment, gavants are to be screened to detect those indiladu
who are at risk of suffering from side effects. Tdweeening procedure may include questionnaires to
address the general state of (mental) health ssitheaMini Mental State Exam (MMSEEf folstein],
medication history, static and dynamic balancerdisohistory[ref berg] motion sickness history with
for instance the Motion Sickness History Questiomnd@MSHQ) [ref Griffin], and a test of ocular
function (if a HMD is usedjref Lewis].

» The initial exposure to the virtual environment gloiobe guided and monitored by a clinician, to easu
that the patient can rapidly adjust to the virteavironment and the interactions that it requivelsile
reducing the risk for side effects to occur.

» There should be a procedure for monitoring for yeeted side effects occurring during or after
exposure to the virtual environment.

» After the exposure some time should be reservethéosenses to re-adapt to the real wpdtLewis].

» After the exposure, standard questionnaires shioeldsed to record side-effects and presence factors
These can include the Presence Questionnairegimmersive Tendencies Questionnaire (ITr&)
Witmer] and the Simulator Sickness Questionnaire (§8Pkennedy]

It should be kept in mind that the screening precésione properly, may require the patients ftarfimany
different questionnaires. This may lead to mengigtie with patientgref]. If they subsequently are only
assessed with the virtual environment, this mefagagjue may also influence their performance. Ityntee
possible to defer the screening process to timéciglns, eliminating the need for the patient tbifi (some)
guestionnaires prior to be allowed the use of theal environment.
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4 Motivation in computer games

In this chapter the existing literature is revieweth a focus on motivation in computer games. i8ect.1
introduces the concept of rule-based games as/aupéetivity that humans may pursue. Section 4uisys the
relationship between games, motivation and learnWthen truly engaged and immersed with playing
instructional game, players motivation is increagedvell as their attention to the instructionattent and the
resulting learning outcomes. Section 4.3 investigasychogenic needs which drive goal based behahech
in turn may be a source for motivation in play&sction 4.3 also looks at how motivation can beeadded in
instructional games. Section 4.4 introduces th®naif ‘affective gaming’, games which actively det or infer
the player’s affective state and adapt the predegaene environment accordingly.

4.1 Why do people play games

Some examples of playful activities include but ac¢ limited to sports, hobbies and leisure ag@sit
According to Deci they have in common that a car@nount of time is spent on activities that arpyable
“for their own sake"[ref Holbrook]. For some reason people are provided with an ingemd engage in these
activities. This motivation can be intrinsic (fonstance when an activity is perceived as enjoyaile
interersting) or extrinsic (for instance when thécome of an activity is desirable or importapBf garris]
Common prerequisites for motivation to be preseithat the task at hand is valued enough to wasfarding
the time on it, and that by actually spending theetthe task can be successfully complépeaas 2005].

Huizenga defined games as a type of playful agtiviait is distinguished by its conformity to a eétules
[ref Holbrook 1984]A consequence of having explicit or implicit ruisghat the player can make mistakes and
therefore perform poorly. The characteristics of game can be described using 6 key dimendiaigarris]
The first dimension is fantasy, which Lepper andidvia defined as the degree to which the game irs/oke
“mental images of physical or social situationd th@anot existref garris] The second dimension considers the
rules of the game and how they are related to tladsgThe third dimension is related to the alteymaality that
a game presents through the sensory stimuli tiudteits. The fourth dimension centers on the |®falhallenge
that a game offers. The fifth dimension is the l@fecuriosity that a game offers. And the finaindinsion is the
sense of control that the game invokes, which ésahility to regulate, direct or command somethiggch of
these dimensions may be related to invoking matwan the player(s).

4.2 The relationship between games, motivation and learning

An empirically conducted study conducted by Whitelamd Macdonald concluded that incorporating a
variable payoff scheme in a game leads to a grpatsistence on the task as well as an improvednpasnce
[ref Garris].In another experiment Ricci concluded that whenemare used to train people, their attention to
the instructional content increased. Feather ndtbad the successful performance on a task leadsetier

Games Play Flow Motivation ¢:> Learning

Figure 11 The relationship between games, motivation eaching [ref Paras]

subsequent performance due to a learning or a atminal effec{Holbrook]. All these studies seem to indicate
that a relationship exists between the design afgg the motivation of the people who play thend Hre
learning effects that are facilitated.

To investigate this relationship three theoreticameworks must be used together. These framewaks
also offer guidelines on how to design games that ta create ‘motivated learners’. The first thema
framework is ARCS, which was proposed by Keller andsists of four strategies that can be useddaterand
model motivating instructional contelnef Paras]Attention strategies aim to arouse and sustairosityj which
keeps the learner engaged with the educationaénbriRelevance strategies ensure that the eduahtontent
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is both of interest as well as important to therea Confidence &89
strategies involve creating positive expectatiohshe learner for
successful achievement. And Satisfaction strategiesconcerned
with providing intrinsic as well as extrinsic reamEement for the
effort that was spent by the learner. The secorebrétical

Arousal Flow

framework which is involved with understanding tredationship % _

between games, motivation and learning is Csikszidalyi's flow % ngiﬁ,f’ o

theory. Flow theory describes a psychological sthtgng which 5 T

the performance at a task is optimal and atteriidolly invested £ / “‘*am

[ref csik p31].A person in flow state is completely focused, with / A TR

experiencing any distracting thoughts or irrelevi@elings. During

the experience hours seem to pass by in minutesthenactivity = .
aredom Relasation

becomes worth doing for its own sake. The statdélat has a
number of prerequisites. First of all a clear segoals must be Low gt .
present, as well as the rules and actions that tmisipplied in Low Skill level Hi
order to achieve these goals. Second, flow a@#ithust provide _
immediate feedback and provide information on thegpess Figure 12 Flow state as a function of 1
towards the goals. Thirdly, flow experiences previthallenges thatélationship between challenges and sl
are matched with a person’s skill. Tasks shouldheeibe too easy/Mage source: wikiped

nor too hard[ref csik p30]. Chan and Ahem suggest that flow

theory, which is consistent with Keller's ARCS tingocan be used as a method for understanding and
implementing emotiondref paras] The third and final theoretical framework whiéh involved with
understanding the relationship between games, ataiivand learning are Norman’s seven basic reongngs

for creating learning environments [ref Paras].

They must have a high intensity of interaction fawtiback

They must be based on specific goals and estadligfoeedures for reaching those goals
They must evoke motivation from the learner

They must present an appropriate level of challeagke learner

They must provide a sense of direct engagement

They must provide appropriate tools that do narads the learner

Distractions that intervene with the subjectivearignce must be avoided

NoosrwdbE

When combined, the three theoretical frameworksnfideller, Csikszentmihalyi and Norman allow the
relationship between games, motivation and leartonige investigated and better understdgédure 11shows
how games as a playful activity may lead to a svétfbow, during which the player is fully engagedth an
activity of appropriate difficulty. This may increa the motivation of the player, and lead to impbiearning
outcomes.

4.3 Motivation in players and instructional games

In this section an overview will be presented ofewh motivation in games originates from. Two
perspectives will be taken into consideration. ti®act.3.1 will provide an overview of a model obtivation in
players, based on several studies of motivatiagaimes. According to Bostan this model is the omlg which
maps these factors to an underlying psychologiaahéwork based on human needs which drive goattdile
behavior. Section 4.3.2 provides an overview ofcaleh presented by Garris, which can be used forgbearch
and practice of motivation in instructional ganies Garris}]

4.3.1 Motivation in players

Motivation in players of computer games can be stigated in a broader sense. There are different
psychological constructs which try to model motiwatin humans. The difference between them is that
emphasis is placed on different constructs and msmas. Some models use dimensions of expectanty an
valence, while others such as Keller's ARCS modeipleasize Attention, Relevancy, Confidence and
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Satisfactiorref garris].

According to Bostan two major influential studi@soat motivation are the intrinsic motivation taxomo
developed by Malone and Lepper, and flow theoryClsikszentmihalyiref bostan] According to Malone and
Lepper, the most important factors which make astividy intrinsically motivating are challenge, éosity and
fantasy. Sweetser & Wyeth used flow theory to dewed model for evaluating the enjoyment of playefrs
computer games. Yee investigated motivational factor playing online games.Figure 13shows the
motivational factors that these three studies hdeatified. Since Malone and Lepper’s study focusadthe
analysis of learning situations, Csikszentmihalfltsv theory aimed to identify the attractivene$sap activity,
and Yee’s work on online games extended Bartle@r gtudy on play styles (achievers, explorersjazers or
killers) which has not been empirically verifietlshould be noted that although these studies nhightalid in
their own context, they do not provide an integtatedel of player motivation in computer gamies bostan]

Malone & Lepper (1987) Sweetser & Wyeth (2005)

*» Concentration

* Curiosity

# Clear Goais \

* Racognition # Feedback
\ fmmersion
= Competition * Mechanics \1
{Player Skills) |

* Cooperation
{Teamwork)

# Social Interaction
(Socializing)

¢ Role Playing
{Fantasy)

# Advancement = Relationship

» Discovery #» Customization

» Escapism

Yee (2006)

Figure 13 A comparison of three motivational stgdizostan 2009]

In 1938 Murray formalized a study of psychologioakeds which arise from the interactions that agers
has with his or her environment. These psycholdgieads lead to the formation of goals, which imtprovide
motivation for behavior and actiorieef Bostan].Viscerogenic needs are physiological in nature eanl be
characterized by periodic body changes, such asdhbd for food, water and urination. Psychogenedeeare
psychological in nature and are concerned with rsqmes mental and emotional state. Murray iderdifiy
psychogenic needs that affect goal directed behawibich Bostan grouped into six categories which a
consistent with different gaming situatignsf Bostan]|. These categories are:

Materialistic needs: represent the motive to gatineollect inanimate objects

Power needs: represent the motive to be in chdrgmd to be noticed by others

Affiliation needs: represent the desire for positsocial relationships with others
Achievement needs: represent the desire for suerest overcome obstacles
Information needs: represent the desire to gatigraaalyze information

Sensual needs: represent the tendency towardsadlgrescciting and gratifying experiences

ouakrwnNpE

Murray defined each of the 27 needs with accompangffects and desires, related emotions and fgslin
attitudes and character traits, matching actiors the relationship to other needs. Each of thegoaies
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mentioned above contains a number of specific neleds instance the ‘achievement needs’ can be durth
subdivided into the following needs: achievemenfqdm), autonomy (nAuto), harmavoidance (nHarm),
infavoidance (nInf), recognition (nRec) and exhdit(nExh). Bostan provides a detailed descriptball these
needqref Bostan]

Variable Defined By® Corresponding To'
Concentration S & W, 2005 GDB: cocentration
Clear Goals S & W, 2005 GDB: goal specificity
Feedback S & W, 2005 GDB: feedback
Immersion S & W, 2005 nSen, GDB: cocentration
Control S & W, 2005; M & L, 1987 | nDom, nAuto
Challenge S & W, 2005; M & L, 1987 | GDB: goal difficulty,

outcomes, feedback, self-esteem
Mechanics S & W, 2005; Y, 2006 nAch, nUnd, GDB: reinforcers

Social Interaction | S & W, 2005; Y, 2006 nAff, nNur

Curiosity M & L, 1987 nUnd,nSen, nCog, GDB: feedback
Recognition M & L, 1987 nRec

Competition M & L, 1987; Y, 2006 nAff, nAch

Cooperation M & L, 1987; Y, 2006 Aff, nAch , nRec

Fantasy M & L, 1987; Y, 2006 nPlay, nUnd, nSen

Advancement Y, 2006 nAch, nAcq, nDom

Relationship Y, 2006 nAff

Discovery Y, 2006 nCog, nUnd, nSen,
Customization Y, 2006 nSen, nExh

Escapism Y, 2006 nPlay, nSen

Figure 14 Murray's psychogenic needs mapped togplmpotivationref Bostan]

Bostan has shown how the psychogenic needs id=htify Murray can be mapped to previously mentioned
studies on motivation, to provide a more integratextie! of player motivationsef Bostan]. Figure 14hows a
complete list of how motivational variables corresg to psychogenic needs. For instance the acheveneed
(nAch) corresponds to a number of motivational atalgs that have been identified, such as Advance(ies),
Cooperation and Competition (Malone and Lepper),Yaed Mechanics (Sweetser and Wyeth, Yee).

Game genres are defined by their confesit Bostan].For instance strategy games such as Command &
Conquer are concerned with resource managemergctobgquisition and organization. Social online ld®r
such as Second Life are built on affiliation. Yéter games are a mixture of both, such as World/axfcraft.

The subject, setting, presentation, perspectivegamde playing strategies are what define a gamee gef
Bostan] Thus, different game genres satisfy differentchggenic needs, and may appeal (only) to playets wi
specific personality or character traits. Holbrdokind evidence for a ‘facilitating effect of persdity-game
congruity’, where the personality type of playesy( visualizer or verbalizer) can more strongRuienced the
performance on a game if the type of game matcheis personalityiref Holbrook]. He concluded that in
general, player performance and emotion dependsoanpersonality traits interact with the natureaojame
being played (e.g variety seeking, sensation sgekiedonistic).

4.3.2 Motivation in instructional games

Prior research has been conducted to investigatedidesign instructional games which aim at crepself
directed and self motivated learners. Garris pregdbe model as shown liigure 15An instructional program
can be designed which incorporates certain featurebaracteristics of games. These features aactaistics
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trigger a game cycle which includes three diststefges. The system feedback stage provides therphath
knowledge of results, which is critical to suppoerformance and motivation. The effect of systeauback on

the performance can be both positive and nega@ggormance can increase as well as decreaseedfeanof
receiving feedback. In the user judgement stagédetdback received is compared to standards osgadich

in turn regulates the user behavior. This is thdg@ment-behavior-feedback cydlef Garris]. According to
Garris, if the pairing of instructional content kvitharacteristics and features of games is suadefsk cycle
results in recurring and self-motivated game gtay Garris]. This engagement may lead to the achievement of
training objectives and learning outcomes. Alsorsis¢éent player engagement may lead to a sustained
involvement which is the cornerstone of computengalay.

Input Process Outcome

Instructional
Content

debriefing

Learning
outcome

Game
Characteristics

Figure 15 Input-Process-Outcome game model [refriShr

4.4 Affective gaming

Picard defined affective computing as computer g which take the user’s emotional state intoaet
and adjust the presented content accordifrgliypicard} Contrary to such closed loop environments whieee t
users emotions are a key factor, open loop enviemsndo not require sensing of the user’'s emotiarrder to
actively manipulate the presented content to ensngagementref Hudlicka]. Gilleade identified three high
level design heuristics to create affective gartessist me, challenge me, emote mef gilleade] An affective
computer game must provide the player with an gppate amount of assistance, while presenting al lef/
challenge that is matched with the player’s skills.

Emotions in players can be triggered by three ptessiharacteristics of a game environmieat Hudlicka]
Gameplay events, such as scoring a goal againgpponent in a soccer game, can trigger both pesdivd
negative emotions. Behavior of a game charactemaher possible trigger of emotions. An examplans
opponent’s avatar tackling a player's avatar inoacer game. And finally emotions such as enjoyrmant
boredom may result from interacting with the gatself.

To support games which adapt to affective statéssgflayers, the underlying affective game engimald
need to facilitate the recognition of a broad ranfiglayer emotions in realtime, within a varietl game
contexts. Subsequently the game engine would reegerterate effective adaptations of the game cotitahis
presented to the player. This may include changiveggameplay reward structure or a realistic pgairaf
appropriate emotions by the game characters thatlgi® the game environmgnef Hudlicka 2009]

For many games a very simple computational modelffeict is adequate enough to be able to meet these

requirements. A small set of gameplay or playe@bih features is mapped onto a limited set of eleisiin the
game environment which adapt to these behavioatiifes. This ‘black box’ model of interpreting @amgrating
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emotions makes no attempt to represent the undgrbffective and cognitive mechanisinsf Hudlicka 2008].
Cognitive appraisal theory can be used to undaistiae affective and cognitive mechanisms that ugpdee
generation of emotion, as well as the effect thadteon may have. The theory investigates the réleoascious
and subconscious cognition in the generation oftempand may facilitate computational modelingeaiotions
provided that the appraisal dimensions can be migted. Emotions are (still) a complex and not well
understood phenomena, and the effect that ematiayshave is even less understded Hudlicka 2008].

Three requirements are at the basis of every affegame engine [ref Hudlicka 2009]. They are:

1. They must have a shared emotion knowledge basehvihiused for both the recognition as well as
the generation of emotions

2. They must have an affective player model, whichestanformation about the affective makup of the
player. This encompasses information about whighegavents and what behaviors trigger which
emotions. An affective user model facilitates emotiecognition as well as emotion generafiaf
Hudlicka 2008, 2009]

3. The expression of emotions by both player and Hayep game characters must be modeled. This
procedure can be subdivided into generating theogpiate emotions (based on game events), and
implementing those emotions across various moesal{tbehavioral, facial expression, vocal)

From these requirements a number of key issuesbeadistilled which need to be addressed by the game
designerfref Hudlicka 2008] The first key issue is related to game charad¢eelopment. The game designer
needs to decide on questions such as ‘which engtinaods and personality traits should the gameactexr be
able to express, and how can these be expressedpaptely?’ and ‘Are deep computational models of
emotions really necessary?’. Another key issuelested to designing the affect adaptive gameplaufes. The
game designer needs to decide on questions suthhad role do player emotions play?’, ‘Which emoiso
need to be recognized?’ and ‘Which elements of gdaeshould be adapted accordingly?’.
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