CHAPTER 2

LITERATURE REVIEW

2.1 Overview

The enhancement of technology has opened new opp%
globe including Malaysia. The healthcare sector has benefi
technology and its development to ensure they s eople} with

Rehabilitation is one of the fields that had been%give

technology using serious games for pati@'ﬁo l
Though Malaysia is on its way to dew&%s W?
T afewy

yet they still have chances to try tﬁl% esdn qehata_' tion centers.

A rehabilitation centre is a w M w'{ﬁ%isabilities undergo therapies
to sustain their live pe% es anj sta hea.@c%. Throughout the rehabilitation
sessions, they receive@e ro 4
physiotherapists. @ese
technology too % y

!
e a s::b cl'ronb‘.t‘)?iefly explaining assistive technology and

:
siona@}'ncluding doctors, nurses and the
is |me(t§é/explore serious games as the assistive
N
serious games assist 'ohnolog‘.i\es used for this research are robotic, simulator,
and vir ality as SOCSO 'IZL&}AbduI Razak Rehabilitation Centre provides it for

rehabi n therapies and exercises.
Qﬁther than that, some subsections are defined the user experience and its factors

affecting the use of serious games for rehabilitation. The factors are motivation and
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usability. On the top of that, as this research is aiming to enhance user experience model,
there are tables of justification on the existing model and definition on eachm\gel that
suitable for this research. At the end of this chapter, there is conce mework

clarification and justification on the research hypothesis and the conqeit of this research

as a whole. \/
2.2 Rehabilitation t'\d

Y.
World Health Organization (WHO) has discusse abilitatio ‘NI;'(C‘D can be
defined as a series of steps that help to achleve stai e mal’(&ﬂonmg in

rlencéj\mpalrment The

contact with a person who has experienceto

United Nations Convention on Rights of

26, habilitation and rehabilitation Esﬁropr

disabilities to attain and maintai

\
social and vocational abili esWer e’ al., l6). %

Rehabilitation |nvolv odyk S re)oartlcipation which are factorized by

individuals and the edu@\on and civic life (Bowker et al., 2006).

WHO in their art@N fsrbo g tlfalgr'éhabllltation reduces the impact of a broad
O

for ifictperiod along with the help from the rehab team

range of he g{ |t|o‘;1$
and the in | itself. Rehablll n gives benefits and changes the functioning of an

mdwE ver time (Ahmed et aI., 2003). The rehabilitation phase plays an important

S

aking sure the processes reaching the rehabilitation goals.
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targeted problems and madm’oots
Figure 2.1: Rehab Cycle Dlagran@ner et a\la-%ﬁ'
N
The rehabilitation phase consists of se a@}’hat e on(enother as a circle.
% SBAS

O

Each of the phases aims to develop a ons with disabilities to
reach their ultimate goals at the end o bilit t| se Table 2.1 below shows

the explanation of the flow chartsMgur

thﬂ

JK\T aa 3 ablgzﬁn Phase
n?ae ,' Rmabilitation involves the
ICatI 1dentiﬁcation of a person’s
% v *z*
&

problems and needs

\ Problem relation with Find the relevant factors that
Q modifications and relates to problems and needs

limitation factors of the person and environment
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Select countermeasures  Choose the relevant ways to

according to targeted respond to the problems Y*

problems

Plan, implement and Planning and implementati
coordinate interventions of the measures and %

rehabilitation goals are defined
through this staéz l
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m%m | &
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revious sta
p‘w 9%‘1

2.2.1  Physical Therapy an

As this research is focu?m phisica e abilqi@‘ron using serious games as the
|

tools for persons wi%bilities u EGQ}D exercise and therapy, the physical

9

therapy sessio;@wnduhed ith as ent from the professionals. Physical

N
rehabilitati@Nolv %}chl y that helps patients to achieve or regain
S

t-g‘&” having an accident, illness or age-related

the cap%hat lacks
%} ¢ ) 4
d(ﬂ ion (D’Ornellas et\/ﬁz 2014). Hence, it focuses on people who are
&)

ring from pain and fa&ﬁg difficulties in body functioning and are not able to

ve a normal life.
0 Physical therapy is involving the upper part and the lower part of the body

where the exercises are feasible and effective for improving balance and confidence
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in persons with disabilities. During the physical activities and exercises, the upper

part of the body which known as the upper limb is the important part j{*ancing

the whole part of the body (Kim & Lee, 2017) however the rangi &@tion and

time taken for a lower limb to have balancing body is greater, iomp red with an
upper limb (Kwakkel & Wagenaar, 2002). The exerC| S can improve their
performance while undergoing rehabilitation (Boukgque 2019) Physical

therapy is involving lots of exercises that facilit ir abiliti s to prove and

maintain joint integrity and increase mdepend via a range o C)tIOIL}

n Session

&wgurel

Figur, Nho Jone lh 5|cal activities (PA) during the therapy
session ha |£m}v ééffersons with disabilities who undergo physical
thmgs! admitte for"se eral months to repetitive sessions for rehabilitation
h relies almost entirely\(;)jn aid and monitoring from the therapists (D’Ornellas

al., 2014). Thus, an assessment is needed to evaluate the standard task given by

he therapist.
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Traditionally, the assessment of physical rehabilitation is based on the
therapist’s observations and judgement (Mousavi Hondori & Khademi 2&4) The
rehabilitation assessment is focusing on understanding the impact 05 ry faced

and identifying the best plans and actions to help persons with disabilities to return

to the community. Diagnosis and evaluation in medical reho@t; ion according to

(Biefang & Potthoff, 1995) should be based on er used. There are

standardized procedures and instrumented tests f ilitati anse ment which

: ..

are taken from various measurements. Berg Balaace Scale Is onéjof the Hﬁ)'ortant
O

nakstan

assessments in calculating the risk of fall a ding Palance ofithe patients

\ Y
"\TW &

Table 1 Characteristics and results from the Berg Balance Scale (BBS) and the Modified Motor Assessment Scale (M-
MAS UAS-95) at baseline

(Downs et al., 2013; Stevenson, 2014)

Participants during the period;

0 to 3 months 3 to 6 months 6 to 12 months

Characteristics n=72 n=71 n=65
Age, years, median (range) 73 (50-94) 73 (47-92) 73 (47-90)
Fatients, n (%)

Female 33 (46) 27 (38) 26 (40)

Male 39 (54) 44 (52) 39 (60)
Stroke classification (TOAST), n (%)

Large vessel disease 17 (24) 18 (25) 17 (26)

Small vessel disease 21 (29) 21 (30) 17 (26)

Cardioembalic stroke 15 (21) 111(15) 107

Cryptogenic stroke 13(18) 14 (20) 12(19)
Intracerebral haemorrhage 6(8) 7(10) 8(12)
Side of Lesion-, n (%)

Right side lesion 35 (49) 32 (45) 28 (43)

Left side lesion 37 (51) 39 (55) 37 (57)
Hypertension 47 (B5) 44 (62) 41 (83)
Diabetes mellitus 17 (24) 18 (25) 17 (26)
Results from clinical scales 1-7 days after stroke onset
BBS median (range) (n) 35 (0-56) (n=71) 41 (0-56) (n=70) 41 (0-56) (n=64)
M-MAS UAS-95 median (range) 45 (12-55) (n=65) 47 (12-55) (n=65) 50 (16-55)(n=59)

Q Figure 2.3: Berg Balance Scale Measurement (Persson et al., 2013)
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Figure 2.3 shows the Berg Balance Scale for the physical assessments.
The balancing scale in the Berg Balance Test is valid and reli bWich
comprising sets of 14 simple balance-related tasks for persons ‘F@sabilities
who undergo rehabilitation (Downs, 2015; Saverino $016). The
comprehensive application of the Berg Balance Scale for balancing assessment is

originally developed for the stroke population, and oms been widely used

l

to be use in spinal cord injury rehabilitation (Le deau, 2010) Other than

balancing assessment, mobility is another keymattribute to ph 'cill a@y that
. , A

underpins on one’s movement. 2 T

\he N
Range of motion (ROM) is an % | rr]ae\a nt @Esessment for

evaluating and diagnosing the ad@f the s r (lé&at al., 2015). This
method is chosen to increase @Sng int \y\q/ @diminished fatigue or
N

reduced work output throua%ge of mov ents(gcﬁcises (Howe & Waldron,

2017). The ROM is ?\;nt‘i Im ovir@obility and supporting the
development of r% t qu‘ggj‘hé hé’essment of mobility is tested
&

traditionally usi M RO’\/I or tk@ﬁtcome measure to be accurate and

&
reliable. Ta IQQ&S WS M m@Jrement on fundamental exercises.
’
g

Q- w) %
% g able 2.$OM Measurement
A C_-\../
Xercises " Position

‘é\ Shoulder Flexion Lays the supine with the knees flexed 90° and the
Q Test plantar surface of the feet flat against the ground.

The head should be positioned looking towards
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the ceiling and the shoulder is flexed 90° with the

elbow extended and palms facing each othe

A

Shoulder Rotation  Lies supine on a plinth with the kne (ﬂ‘eld to

Test

90° and the plantar surface of the feet
the table. With the head resting on the plinth, the

face is looking forward towards the ceiling. The

shoulder abducted 90° %u per arms are

rest and the elbowé 9%8 palm
eet I

facing towards th 9 ¢ N
'] Vs

flat against

One of the reliable tests for mobility a% RO

using stroke rehabilitation assessx 0
measurement is used to evaluate.the recov

{c .Howe,& Idron, 2019
s \,Y'
\aaﬁes ment far-patients is by

_|
g
=
_|
>
=
o
2
S
8

stroke patients (Daley et al., 19 q hetreliahility of @QEAM was demonstrated

to provide a comprehensh&.obj ive,
functioning in stro@!ts. Tabi

instrument.

&L ¢

d q@tltative evaluation of motor

;#Ho@ testing positions of STREAM

:

’
&

o I
F%si(i:c;r‘m)s of STREAM Instrument

N
ovg@;?nts (Subscale)

Scapular @éction (U), Elbow extension (U), Bending hip and knee
(L), Rolling (M), Supine to sitting
Scapular elevation (U), Raising hand to touch the top of the head (U),

Raising arm to fullest elevation (U), Knee extension (L), Sitting to stand

(L)
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Standing for 20 counts (M), Hip abduction (L), Knee flexion (L), 3 steps

Standing

backwards (M), 10m walk (M)

Source: W 35:002

e
'%j :
%
(.)



Figure 2.4 below shows the STREAM scale with the correlation of common outcom@;ures such as the balance scale and

box and block test that affected or not on the upper extremity. .\
A"t
Box and Box and
Block Test Block Test Barthel Balance TUG Gait
STREAM Evaluation (Affected UE) (Unaffected UE) Index Scale Ability Speed
Total Initial 73 36 78 75 .80 74
5 weeks 77 37 71 68 .64 62
3 months 78 44 75 65 57 73
UE Initial 78 31 67 57 69 56
5 weeks 79 36 66 61 49 53
3 months 76 31 67 53 .60 64
LE Initial 53 40 71 73 T 74
5 weeks .64 29 59 55 59 55
3 months 70 .30 .63 55 a1 .65
Mobility Initial 66 55 .84 .88 .85 .83
5 weeks 69 40 75 71 57 65
3 months 66 40 .82 78 .62 76

“ UE=upper extremity, LE=lower extremity, TUG=Timed “Up & GO" Test. All correlations significant at the P=.0001 level except for the unaffected UE during
the Box and Block Test at all 3 evaluations (P <.025),

>~ "H'/
.\. gure 2 gTRE'AM Measurement (Ahmed et al., 2003)
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2.2.2  Rehabilitation in Malaysia

The expats who introduced physiotherapy to Malaysia in thtM; have
pioneered rehabilitation in the country. Kuala Lumpur Genera]ksm al created
its first physiotherapy department on that year. Alhough he%e in Malaysia

has been significantly improved over 20 years, yet peoiwh disabilities still

face numerous obstacles in their daily interactio r a'few years of the

campaign for various types of disabilities, the ‘Rerson ww‘bilities Act

. . . . ) N
came into effect in 2008 in Malaysia (Nali etwal., 2019). ' _f)
The Malaysian Disability Act 2 ines\& witrbd‘galbilities as
T
ctual, or se%}ry impairments

those who have long-term physicatw, inté’ﬂe g
t

(N. A. Ahmad et al., 2017; Nai al., 2019): The @wnds for provision

NN Ve

services like health, welfa %ati’?n%/ Kk |a§eases from time to time.

With the increment of ness mt ;eqp@ with disabilities act, the

charity-based seryicesyurn to ri’;hts- SI d Se%l\ces (Naicker et al., 2019). Over

the years, the rer%tio ogz;@me more comprehensive.
Thou@ilit ‘on ices@e healthcare sector are provided by the

governr@bsplal!u rthe
0 &ﬁxall‘er overnmen

ﬁ'ch ave advanced t

\41ich are equipped with various types of assistive technology are Cheras

/&

nistry of Health, the facilities available in

spitals are basic unlike the tertiary hospitals

527
% i

ologies and therapies. The rehabilitation centres

—+

0 Rehabilitation Hospital and SOCSO Tun Abdul Razak Rehabilitation Centre.

However, for this study the researcher has chosen SOCSO Tun Abdul Razak
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Rehabilitation Centre to be the venue as the centre is using serious games in
more than one assistive technology for rehabilitation (Naicker et alﬁRQ).

Despite the facilities and services, there are currently onlﬁ mximately
100 professionals in rehabilitation medicine for the projected 3 million persons

with disabilities in Malaysia. Hence, there are remarkably rehabilitation

doctors for every disabled person (N. A. Ahma eth?; Naicker et al.,

2019). Rehabilitation in Malaysia is in the f rovﬂ\wythe help of

sophisticated technology. However, %Iy equipp i‘no’s ital and

rehabilitation centre to undergo therapy sessions with ‘assistive tqahnology §

too few. T \ é\‘?/

‘—?’“5«

2.3 Serious Games in Assistive T Io qQy ? fdk
S

Technologies are any human- crqu efact t tend an abilities. Human culture

can be seen to largely COEE W\noligles ! 5 nd human abilities and can be

seen to mark the major turnin n arﬂtﬁmry (O’Neill & Gillespie, 2014) The
most cited literatur he S@eﬁm@of assistive technology in 1988 is any
item, piece of e \ntf sy§te)n, whether acquired commercially off the
shelf, modifi stg,m ze d to increase, maintain, or improve functional

capabili |e§f| dividuals with dlgi’b‘azlh ties (Scherer, 2002). Hence, assistive technology
ism

elp people in their primary functional tasks.

sistive technology or known as rehabilitation technology that has various type
Q ui

pment which can be used during the rehabilitation sessions (Bowker et al., 2006).

Thus, it is used in the rehabilitation field as an attempt to increase the quality of recovery
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(M. A. Ahmad et al., 2019). In assistive technology, serious games come with immersive
characteristics that can bring new experiences for persons with disabilitiet&%%rm
their rehabilitation (Li et al., 2018; Merilampi et al., 2017). Serio (g@es are a
combination of digital gaming and physical exercise which give us %perience to
have self-monitoring while doing the therapeutic exercises in reh iTRo.n (Vugts et al.,

2016). Y'

Despite being originally designed for entertainme iou ga@?ncreasingly

e
used for health promotion. There is rapid growth in thespopularity and e’usec%&%rious
-
games as health programs in society and communitieS\(L.i et alg, 2018). It isqu important
v

act to restore health to its original though with,a slo progf \ehablgegan is an action

aimed to assist someone to stay health@h phys ccu@fonal and cognitive

therapy (Bowker et al., 2006), Serigus_games i ?es rehwdiscusses on selected
N,

assistive technology in SOCSO%deLﬂ Ra REQ litation Centre: robotic,
simulator, and virtual reality. \ Af%é
The immersive typ%;us games I‘pé thalser to feel the real-life scenarios

wd &
while undergoing th'eg cises 1C al., é—é). Human and computer interaction
oa

&

b di d. Various t f h have b
ub) e ISQBSe arious types of research have been

(HCI) has becom
é@ ’
done to prove% tionship het eer\ﬁ.o{h humans and computerss by measuring the
quality of i ion. DJe's c.Smp s, there is also the involvement of robotics as the
)
interaw{ h human has broaa';?ed the field of research on HCI. Serious games build
an%ion between human and computer (HCI) also human and robot (HRI). Thus,

@eraction and relationship between a person and a computer system create an

experience (Santoso et al., 2017).



2.3.1 Serious Games in Simulator

The HCI and HRI used serious games in assistive technology to inte sers
and it is focusing on physical, cognitive, and physiological -being while
playing the games for rehabilitation (Baur et al., 2018; JercVFal., 2018). A
simulator is a realistic imitation of the controls and opera of any complex
systems that are used for the training process. Itisac k:rclgram that enables
to execution of programs written for a different opegating yWechnologies

today reached a level of maturity and affg@hy whereb rﬂu _gimn -based

systems can guarantee effective knowledg kil tﬁa sfer‘ﬁg;n the point

of educational delivery via hand-held0 ing pﬁ'?tf S (St0%>2011)
oy

The content of simulator S has gr pote@l to increase user

engagement in video games. GSBJ hglﬁ;?l cregﬁhg the self-motivation of
S

players as they immerse th es whitepl mg t %mes (Georgiou & Demiris,
2017). The process w& shoy on the scenarios that happened
in real life by inserting Th a of using simulator in driving as
originates fro f| stf hiaj\ulato E?j:]ewas developed in the early 1910s.
It was cre e u d‘fo p'ing(-p)clf)ts and reducing operating costs compared

to the pmﬁn a s etal., 2014).
CSO Tun AbduL*)Rgak Rehabilitation Centre, car driving simulator is
the assistive technologles that used serious games for rehabilitation. The
‘%mc group who can play the simulator are the ones who have been diagnosed

0 ith lower limb disabilities such as amputee, stroke, and traumatic brain injury. A

car driving simulator is one of the driving simulations that are used as an assessment
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and training in rehabilitation. The car driving simulator has also been found to be

helpful for older adults that suffered a stroke and feel frustrated with theirfloss of

independence to drive. :")

A simulator offer a medi h ini n
c? &
risk since everybody has dk@ erm8 of ski s and,preferences. The simulated

&)
driving practice has been d 7 thtate th@er adults driving skills and

<

alleviate stress occasi by thefapy Fe'rna@ez-Cervantes & Stroutia, 2019).
4 F &
Figure 2.5 shows, the ca[ \1-{1 si@or in SOCSO Tun Abdul Razak

RehabilitatioQ e. i icaneéjfﬁ using a car simulator in rehabilitation
¢ 27 O
besides assess ent/ t Iﬁ' @on with disabilities to get immersed and

S
comf‘@ Geo@@-z}em@ 2017) before they get to drive the real car.

A‘ - w - - - . .
e true science undeiﬁnnmg simulation is the science that helps guarantee

‘%ansfer of skills from the simulated to the reality of human factors. A simulation

Qhat is a well-established discipline that focuses on the abilities and limitations of

the end user when designing interactive systems as opposed to the more




commercially explicit components of technology (Stone, 2011). The previous

research papers show the advantages of a car driving simulator facilita,yh{Qe user

to feel reliable to the systems which is valid, adaptable, and cooperitﬁ@ be used.
the

The design of the application also gives user experiences QE fectiveness
and enjoyment of the system. Other than that, the simula‘qr\i} sed to improve

driving habit and keep high engagement on the us tow to it. This help to

extract the user’s behavioral and psychological whi iving ad\heaaluation are
. . . . (3
focusing on their experiences and attention. \Y-
1S
s b 4§



N

Table 2.4: Summary Studies of Serious Games in Car Driv@\ulator

Author Tittle/Country

Data Analysis

TAdvantages

al., 2018)

Safety and Emergency Systems They were invited to par

USA

(Fitz-walter Computer in Human
etal., 2017) Behaviour: Driven to Drive?
Investigating The Effect of

Gamification on Learner

Driver Behavior, Perceiv@

Motivation and User

S

Experience

Development and Evaluation of seven female participants and

<

(Goémez et Driving Simulator Platform for Twenty postgraduate students,féx~ the Research centers and car makers have
w

e e%driving simulator available based on

ipate whic ,iticﬁrgnificant advantages such as
required to have a valid dri licénse d@tilitating the design, development

driving experience in the nu?l\s ift-’ and test of the proposals

The students’ age\ce@ed 27.
were divided in@,S/vo Mi g)fder to
4 &

verify the D del"infl chga
collision si ns Aje \A
[73) S

undertaken with Present an updated design of the

2&@ r $ ové'% four-week period application and investigates the effect
: M o F e I L .

uring whieh the {ﬂect of the gamification of an application when tested in the
((9 behavidr change, perceived motivation field

N .
and user eafperlenced in the terms of

logbook




NS
A0
Australia
Y-

Georgiou & Adaptive User Modelling in Car Total users of 52 can associate ke deI User-tailored tracks to improve

Demiris, Racing Games Using variables and outcomes to use 0 se{aﬂving habits and user experience and

2017 Behavioral and Physiological s to k&'p engagement at high levels by

|
Data 2 @posmg an adaptive user modelling

\ roac
C‘)VY. . {g\‘?'dpp h

United Kingdom
’ \ o
From Table 2.4 the list of previous research tha [\%H sg es i mulator shows lots of advantages for the towards
user who undergoes the rehabilitation therapies and exe ’n serious games in the simulator is to improve driving
habits and user experience (Georgiou & Demiris, § (i%érlous games on users’ behaviour and perceived their
d&@topment of simulator (Fitz-walter et al., 2017). Hence, the

motivation and user experience is lead to the e c ‘(\f

attributes involved in each research are differ tt hT é:%‘fe previous research is to give a real-life experience through an
Y-

adaptable simulator by playing serious gam,& \c.}f

N
S
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2.3.2 Serious Games in Robotic \q

Assistive technology is now part of the rehabilitation process wha& orks as an
assistant for users to perform their activities of daily life (ADWrucoff et al.,
2016) stated that researchers have been working to restore Mrvous system and
reduce the neurological deficits of people suffering f ke, 'spmal cord injury

and traumatic brain injury as their impaired mot ncti nw‘g the most

prominent factors limiting the quality of I|fe ., 2018 te’ra_sﬁVe robots
are expected to be increasingly adopted i |n hIS ‘?g:jevelopmg
countries.

The robots provide long-ter Gze to the ives o@ople as there is a
compelling need for a positive e perl e thei)q an interaction between
both users and robots. | t timésy,there is gi,/ ncrease in the number of
interactive robots ac veWuan 'nvw s%Van Greunen, 2019). Robots are
increasingly mves’ug% m% H'atﬁjdyatlon due to the limitations of
conventional L& es Whel multicenter clinical trials have shown
that robot |e/e fon Jrh résycl’)s comparable to exercise with a therapist
(Nov {SA 01 @

CSO Tun Abdutsg. ak Rehabilitation Centre, there are lots of robots
ve been used as the assistive technology for rehabilitation. The equipment

Q‘é h as Cyberdyne from Japan, Lokomat and Erigo from Switzerland. However,

not all robotic-based assistive technology are using serious games for rehabilitation.

Serious games in robotic for rehabilitation are used to facilitate the transfer and
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consolidation of multiplayer health-related gaming to robot-assisted neuromuscular

therapy. This type of rehabilitation has also been used in researches sx&g Smart
Chair Ski-Jumping Game (Merilampi et al., 2019) and The Towerss@oi (ToH)

Serious Games (Jer¢i¢ et al., 2018).

As for all types of interactive systems in theahu ; environment,
participation of the robots in human daily life gives ¢ trw especially when it
has become as one of the rehabilitation tools. Ropetie*devicesiwhich act as one of

@
the rehabilitation tools can offer patients with us types of fe ;jck @.)Br'nodes

of interaction that influenced the learning pro at dljfe nt velstGoIombo et

1SS ww@idvantages of

Performing rehabllltatlon robc%%d @es that is enjoyable and
N,
fun are keys to gaining m%on he t oi?presence is reliable and

interactive which meet u r Jt actign W@e usefulness and intensity of

al., 2007). The following summary studies in ble‘%.

robot-aided and devices technolog\#@bilitaﬂ

exercise. Based on%t studies; ro E;(! ces have been used to generate

custom training @scts in terlng their targeted movements to a
pre-chosen m n as a ,effe@f adaptation.

C—)
‘¢
"b)-' $
S
\

&
$
S
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Table 2.5: Summary Studies of Serious Games in ROES@

¥

Author Tittle/Country Data Analysis T Advantages
(Merilampi et A Smart Chair Physiotherapy 2 different groups (Seniors and ¥~ts with Help in having good sitting while
al., 2019) Exergames for Fall Professionals). Of the participants (N\g playing. Based on the questionnaire,
Prevention — User Experience 14 of them were adults v%ww average age dl;‘gwsual design is considered as
of 77.8 years old. The 15 participa t‘§'re|at|vely good for both groups
Finland were students andwg@:s?\ w@\\z;n (adults and students)
average age of 2@5 oI
(Jerc¢i¢ et al., The Effect of Emotions and N=70 (M 1?) utll%f-%\ge range The findings give positive emotion
2018) Social Behavior on between d%jﬂ participant and sufficient arousal which might
Performance in a perf an ex fn@ted with  four increase the performance on the task

Collaborative Serious Game
Between Humans and

Autonomous Robots

Sweden

ions | @h -direct  gestured
fter&ompletmg the four
i @ymg games, participants

er t 4EEEW questionnaire.
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£

NS

(Gorsic et al.,

2017)

(Novak et al.,

2014)

(Andrade et al.,

2016)

A Multisession Evaluation

Rehabilitation Game

of The game was evaluated by two gro

An Adaptive Competitive Arm participants (n=15) with chronic
ilitati impairment who exercised at hommg’;m

USA

Increasing Motivation in
Robot-Aided Arm
Rehabilitation with

Competitive and Cooperative

Gameplay

Switzerland

Dynamic Difficulty

Adjustment with Ev@ﬂa

unimpaired friend or relative d ) in
the acute or sub-acute pha s
exercise in pairs of 10

clinic.

The game was Q{np

controlled usi

sh % e
ARMin rob t? ame s@re tested:
0 e a@"’ cooperative.

pla@ by (n=30)

é lggﬁd (n=8) impaired
Jects Nearly
mp ir@»ﬂj%‘f?preferred

User perfo@ance is estimated from its

single- play
All
un|

all

ry ability to achieve targets (game score)

performing movements. A meta-profile for

at erha|I|t ion
Ly
\/Y‘

uItipIayer modes can enhance the
layer s perceived game experience
and positively influence the player’s

performance

Competitive exercise has high a

potential for unsupervised home
rehabilitation as the enjoyment and
exercises intensity were improved

compared to exercise alone

Two games were created for

rehabilitation purposes. These are
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I\Y~

(Jonsdottir et al.,

2018)

(Hughes et al.,

2014)

Algorithm in Games for user behaviour was developed allowing t "‘)sed in combination with freedom in
Rehabilitation Robotic create and simulate different virtual us&~ robot devices
and game experiences on the comp%

Brazil

e ou@measure as to have improvements in

Serious Games for Arm A pilot single-blind 0 |z 1) SEF’OUS games in group have been
Rehabilitation of Persons with controlled in a clinical tr was ¢a r|

\age of arm function and are beneficial to MS

Multiple Sclerosis: A (n=16) participants %h

Randomized Controlled Pilot years and (n=10 pants_used rious user

Study games platfor i | am;s played
with a comr@ orn‘)\{_‘%r 4 weeks.

Germany
Translation of Evidence- Stru z mpalatl ionnaires have The technologies are suitable for
Based Assistive Technologies de g tedr Qﬁd completed home use and could be mainly used

:T

into Stroke Rehabilitation: r
User’s Perceptions of The %)estl n s V@'é designed based on
Barriers and Opportunltle@em igen |f|éd from four focus groups
A held with I-@g.and P&Cs and piloted with a
United Kingdom \ sample. 292 HCPs and 123 P&Cs were

|orbf\6f &Cs and HCPs. outside the therapy session

\ analyzed based on the questionnaires
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From Table 2.5 serious games in robotic shows the benefits for users who undergo
rehabilitation therapies and exercises. The importance of robots in assist{??rs to
perceived game experience and positively influence users’ performan@:staining
motivation (Gorsi¢ et al., 2017). Ease of use, comfortable, enj ent, interaction,
reliability and motivation are the attributes that have been emp s?z%; the previous

studies.

2.3.3  Serious Games in Virtual Reality s l '
G'f atfo;(gv for serious

With the rise of technology, virtual reallty
Y‘

he g ng environment.

games in rehabilitation that aims to fa Watlen‘f% wit
This environment provides the pm ith a fun pen@ while at the same

A,
time encouraging them to co thew%v‘z &

’éXercise sessions. Virtual

reality platform has been rre x_tjn p&ﬁ&ed to overcome disabilities
which resulted from brWury r nst %memory impairment, attention

deficit and unilateral vis Iet a'ngjg, Cervantes & Stroutia, 2019)

The wrtg@ﬂ adi prov@a natural interaction inside a synthetic
world wh| pe tive eﬂ)lofa&ﬁe proper design to attend to the needs of
users. eal Ia ~g.e'rious games for rehabilitation has the potential

to impro patlent S outco Yl‘vl terms of emotion, behavior and attitude (M. A.

d et al., 2019). The environment of virtual reality can be systematically
i

gured with an interactive object placed according to individual physical

lelltles to move and stretch and reach so that the performance in the virtual reality
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game can be a valid indicator of their exercise (Fernandez-Cervantes & Stroutia,
2019) Y’

A previous study showed that patients in virtual reality c tramlng
programs had better improvvements in repetition and memory tentlon than those
in ordinary programs. It has been reported that elderly patients showed significant
improvements in their emotional well-being after pl |ng ames with a virtual
reality training program (Li et al., 2018). In a res ade b (lThe 2012) the
elderly is generally viewed as being adverse ards technol ver, it
would be impossible for them to avoid technc&he rly reports slz_e\w positive
outcomes from a single group that ex oses e elde com %73 as they felt
more confident and less alone. \O) Csﬁ

MiRA is one of the serlgﬁames Ws s 0 tackle the issue of

adherence through virtual r ous&n H ri &:g?ﬁademl 2014). In SOCSO

&
Tun Abdul Razak Reh ita nl iR % been used to help enhance
p

confidence while L%J g th
games and mo Ms tha{

&
exercises. Seﬁ% ames i tyal @ty for rehabilitation have been used in

ie ?{d rcises through various types of

o

play y users as their daily therapies and

¢
researc ucD as icjLal b yo Gesture Control (Dhawan et al., 2019),
Virt Bub e efnan Cervantes&Stroutla 2019)and Heart Collection

lick or tap here to“e:?er text.(Merilampi et al., 2018). Table 2.6 shows the

‘3{
QA%mary studies of serious games in virtual reality.
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Table 2.6: Summary Studies of Serious Games in Virt%Laeality

Author Tittle/Country Data Analysis N Advantages

X

Merilampi  Activation Game for Older Adults Preliminary trial with @e a\gmp The new type of activation game
et.al, 2018 — Development and Initial User which consists of a $W-2&:£§? na&e‘)\;‘/\;ith a specific controller handle
Experience been focused to 3 el are h . \)Y“ based on an acceleration sensor that
N {\T is easy to understand
Finland \C') (5*
S N

——q__.j

&
(Wittmann  Assessment-Driven Arm Therapy Prelimin%&gf]latiqg? (N=5), with Detailed assessment model of the
4

Ny KN

etal., 2015) at Home Using an IMU-Based an av ag @rs old, first time workspace shape
Virtual Reality System st&x’iech ot _de t in the upper limb

&&Neeks erap&&ﬁithout atherapist. On
A4

Switzerland \Q rage; pa&‘f’;ﬁ’s in-game assessed 3D
)\Noﬁs téw by 10.7% in volume and
bz;:or

€~ on the Fugl-Meyer Upper

A Extremft%'P(FMA-UE) score improved by 5
S




£

NS

(Fernandez-
Cervantes
& Stroutia,
2019)

(Idrissetal.,
2017)

(Tobler-
Ammann et
al., 2017)

Virtual-Gym: A Virtual Reality Descriptive

:"‘) Simplicity that reduces the feeling of

Platform  for  Personalized N=9 (Male: 4, Female: 5) between es stress and increases the feeling of
Exergames of 64 and 78. The participants required competences
to play three games of VR- rR’
Canada '
[ \71}“'
Rehabilitation-Oriented Serious The case study musculo kele@ Avatar movement improved by

Game Development and disorders on the }eKaI!w c \)Land {@Tent
groups shov%w 98840 the
ide

evaluation e sociated games
9&_J 35 GRled g
R

User Perspectives on Exergames rtl::gﬂ
i n—& evaluated to have used
( (

Designed to  Explore t th
g |
Hemineglected Space for Str mest & @'&k for 3 weeks. TAM

Patients  with VISU% | qu tpnaneé\ was filled out after the

Neglect: Usability StudA

S

Evaluation Guidelines for

Musculoskeletal Disorders

France

[
:ﬂ%%&fhere patients (n=7)

D

: b 9 I :
mterver@ﬂ. Descriptive analysis has been
used to analyze TAM and comparative

Switzerland analysis to analyze the interviews.

using a multi-sensor fusion approach

Simplicity and challenging aspects
are the main advantages of new
technology

Improve motor control in the
affected arm due to hemiparesis
VSN

following stroke without

symptoms.

NI
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£

¥

(Vugts
al., 2016)

et

(Lozano-
Quilis et al.,
2014)

Illustration used to analyze focus g‘dﬁa

interview

<

Feasibility of Applied Gaming  Eligible patients are (N=41 stVEd an IRP

During Interdisciplinary during the study period ients

Rehabilitation for Patients with
atigue

N
ere n.

Complex Chronic Pain and

Fatigue Complaints: A Mixed-  n=47 with 0

Methods Study

Qualitative at_<hedonic

mo era%
% rifi
motivation was %%‘.T ortant factor
——
for behz@ intentions gy\use LAKA
&
(P<.001Y, AN\
S
X I'7s
4 s
NUaley
Virtual  Rehabilitation faQu ' ar@ontrolledsingle-blinded
. . . . . .
Multiple Sclerosis Using c@stuzf/w oarrdg‘?outtoassessthemfluence
a

Kinect-Based . of me@oased virtual rehabilitation
Randomized Controlled;&l system \o‘gthhe balance rehabilitation of

S

Netherlands

patients with MS. Significant group-by-time

Spain interaction was detected in the scores of the

h=116)
participated in additio ta lcc&:ﬁ@éﬁange in patients with chronic pain
where (n=108) with problematic

Provide first empirical results on a
novel applied game for behavioural
and

fatigue complaints.

Comprehensive  information s
presented on processes of self-
selection, acceptance and attrition
which provides rare insights into
in CBI

risk factors for bias

evaluations

RemoviEM helped patients with MS
RemoviEM

additional motivation and adhesion

became. obtained

to the treatment from patients

NI
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(Rego et al.,

2017)

(Hoogland
etal., 2019)

r\:
Berg Balance Scale and the Anterior 'ESD
Test in standing position. The tota S
patients is 56 whom potential forsthe Study

T
A Serious Games Platform for A preliminary evaluati@ !ald to Contribution in cognitive
Cognitive Rehabilitation with evaluate the usability and attrac v&?bcf}‘iéhabilitation for motivating
Preliminary Evaluation the games. The total ple js bg?of@ patients
subjects, 36 of th ug-s't% rt ir@g\tfne
Portugal tests and 22 p@ed' classrogm test

Feasibility and Patient Enrolled _30windependently living patients Provide support for the feasibility
e h

a@%dergone THA home-based telemonitored

f Ip@ry or secondary rehabilitation program for patients
A).:éfter 5 times a week after THA

: 1z§weeks of an exercise

Total Hip Arthroplasty C')pro ram iith&/j’éeo instruction, the patients
Q- N
ha he-<evaluated at the end of the

Netherlands &‘I program c.}/\r
N

Experience of a Home-Based aged 1835, ’_I

Rehabilitation Program Driven as@ i%tme

- &
by a Tablet App and Mobility (&QJ tfl

Monitoring for Patients after ith

~
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AN

(Merilampi The Cognitive Mobile Games for Preliminary Trial with the targeted ‘Oﬁa Potential self-managed
etal., 2017) Older Adults — A Chinese User where N=6 (Male =2, Female = 4)% an rehabilitation tool for Chinese
Experience Study average age of 82 years old. The pe,jw; ants elderly people

need to fill in the questionn 'reY~
Finland & China é u'\d
l‘ : \T

(Chen etal., A Case Study of User Immersion- Likert scale measurem‘%es‘u n rew}é Proposed two important design

2013) Based Systematic for Serious designed to eval% se

Heritage Games level for thngy S
i to execute a which are user interface space

computer SI&? f\ar\ S
China user (N§ henage twggﬁ 16 and 19) volume and subsystem sequence

ertai ‘ment factors that impact on user

. Interactive immersion in serious heritage games

test to k TJ&Vgg @t%ome
(Ling et al., Usability Test of Exercise Games IKI V%t(j‘pants including 2 The adaptability of patients while

2017) Designed for Rehabilitation (\ Si a sts 7 patients which been playing the games is beneficial to the
Elderly Patients after I-‘»p)askid todplay EJ‘&erase games each lasting patient’s daily life activities such as
Replacement Surgery: t for }n 'Fé@mean age of the patients was walking. The various types of games

Study 74.57 @Ps Surveys were developed to with different difficulties helped

Netherlands

%\ quantitatively measure the usability factors them to know their abilities
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(Pramana et
al., 2018)

(Brox et al.,
2017)

Using Mobile Health UCD approach was used toYmh'er Sessions and assessments tracking

Gamification  to  Facilitate requirements and iteratively ng the for the therapist on participants. The

Cognitive Behavioral Therapy system, leveraging the WT 1.0 inclusion of gamification effectively
Skills Practice in Child Anxiety system. The SmartCAT s onsists of a increases user engagement and
Idren

Treatment: Open Clinical Trial ~smartphone app fo$ a ’égi‘étention
l.

Smart AL%

integrated clinician p
United States frequently used t roug;o

total of particx =
14 years olds met t

edition of Diagnostic @ Statistical
Manual T$i@ers (DSM-V)

N |
User-Centered Design of Serio ota?‘ta seé?rs with an average age Best practice guide to the
8

Games for  Older AdLﬁS)a ove 80 yéa é’barticipated for 3 years in development of serious games for

: : N . .
Following 3 Years of Exp% e /) Q\ physical activity from user-centered
X
. ; - .
with Exergames for Senlers: A O design

Study Design ‘%\
>



I\Y~

Norway &")

(Tan & Diagnostics Markers of User Diagnostic criteria for serious e were Come out with e-learning modules
Zary, 2019) Experience, Play and Learning created which has comprise th sters of using serious games by using

for Digital Serious Games: A UX, play and learning w y €ach Cluster diagnostic criteria

Conceptual Framework Study were grouped and the results wer rwe

\,

\

Serious games in virtual reality holds patients’ attention%&;h ut slo@and steady processes and motivates them
-3

during their road to recovery. Moreover, it offers the capacﬂ?fbsmd@ trei@ent in addition to standard physiotherapy in

rehabilitation. Hence, virtual reality technology rehabilit asthe ntl |mprove patient participation, enable intensive
therapy and reduce the demand on health care prof@als’ A ad et al., 2019). From Table 2.6 shows the list of

previous studies on serious games in virtual reality. A8 it dev ed(tjl,be entertaining and motivating, serious games in virtual

N,
S t\Qe té{-' eeling of stress and increase the feeling of competences
'S

: ‘X _ .. :
(Fernandez-Cervantes & Stroutia, 2019@am ?7\ ., @18). There are lots of attributes highlighted in every research
eal’,r

reality are providing an easy to understand

ct@'lenging, easy to start, user-friendly and interactive.

b 4
conducted previously such as simple, %ﬁn ful,
p y p S g \c_j

Nj
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2.3.4  Serious Games in Hybrid Technology T

Hybrid serious games are the combination and formation of two % types of
rehabilitation tools that work as one. Robotic assistance and virtual reality have the
potential to enhance the rehabilitation of neuromuscular d 'cixMJnd the levels
possible with conventional training strategies (Bau etw"OM). Furthermore,

robot-aided rehabilitation is frequently combinedwithivi ual@ys a twofold

which give a varied range of tasks that can be trkained in ashor irFe'alcr})@'ble to
by pr9fe siopals as@an important
5 % §

determinant of rehabilitation outcome (Novakset al. ET

The following summary sd\ e foc n 8§(id serious games

between robot-aided with virtual reality. \ds(wta the previous research
N
es

papers stated that hybrid%s gzﬁn

&
simultaneous and quick activation tl e mus@contraction for the user while

playing the games. iologically hy rid s‘e@us games of robotic and virtual
’ F &
reality help USK‘ngagel \he
0

immersive efAvironment.

increase patient motivation that has been descri

re itation have performed
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Table 2.7: Summary Studies of Serious Games in Hybri?echnology
N )

Author  Tittle/Country Data Analysis v:’ Advantages

(Prahm et Game-Based Rehabilitation for Significant improvement in ccuracy Participants sustained contractions from
al., 2017) Myoelectric Prosthesis Control electrode activation and, se ralon .fIonr and extensor muscle activation
AN

endurance control from@ﬁ ass Pziyznls.—\(ff\/er varying periods of time and
4
Austria The deviation around‘@'EMG\g
diminished and gheéwop 8§i elez< ode and executed simultaneous contractions

activated less érfa;aentl;\

va@e performed precisely time contractions
of both muscle groups

O
= &
E. 0 A
(Dhawan Prosthetic Rehabilitation Conduct ith plei’@f\lzm, non- The system was designed to be easy to

et al., Training in Virtual Reality amputeessand I{I:Z tag%\dial amputees) and incorporate similar controls that
:aed% i

2019) whic Ie‘(zfjm the survey which transradial amputees would have on

Australia qﬂ\d!eed@tive@ myoelectric prosthetic
NS
2 9
c

Baur et Trends in Robot-Assisted Q-As;yje %z(}rjch was conducted through Two-player rehabilitation games create

al., 2018 Virtual Reality-ASsi EMB SIE,L}WI'edIine, PubMed, Cochrane, greater enjoyment as well as potentially
Neuromuscular Th DA CINAHL%d PsycINFO. 13 articles met the more intensive exercise compared to
0 inclusion criteria. Multiplayer modes are single-player games
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Systematic Review of Health-

Related Multiplayer Games

Switzerland

(Mubin et Exoskeleton  with  Virtual
al., 2019) Reality, Augmented Reality and
Gamification ~ for  Stroke
Patient’s Rehabilitation:

Systematic Review

United Arab Emirates (UAE)

(Mubin et Exploring Serious Games for

used in health-related multiplayer gag?ﬂ

which are competitive, collaborative aﬁw
active modes. It positively affectqw me

experience in 9 studies aW’game
performance in 6 studies é !
I\d.\v_

| &
30 studies were identified b bsﬁy O@Results from this systematic review

Y
inclusion criteria and i%lud \randoq@d depict that most rehab services are
5

controlled trial .@?(cip S n:é&

various studiec \T &_.\ home-based rehab is rarely attempted
E 0

in carried out in groups in clinics while

(o

respositories were searched Main  findings from the review

0 L . : . . -
al., 2020) Stroke  Rehabilitation: @ releva a’rt@% in a window of 2008- concerning the attributes of existing

Scoping Review % Zoﬁu\ﬁﬁ%fe 1-é\tud|es were chosen for the games for stroke rehabilitation

N

scoping rQZ;eY\,/-v depending on the inclusion
criteria, design principles used in these

studies

United Arab Emira@s\E)
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As for this research, serious games in assistive technology have been chosen to
be the product for persons with disabilities to undergo their rehabilitation @ and
therapies. The three assistive technologies: simulators, robotics and vir Lﬁ@lity that
used serious games for rehabilitation are aiming to help them impro t?%erformance
in specific movements and visual coordination (de O. Andrade et al,, 2018). Demographic
changes in the last few decades have been challenging or%otherapists and the
healthcare sector, yet the recent advances in technolo e Ilow to benefit
from the growth of technology in rehabilitation.

Serious games are game systems with none ntertainment purposes thatzean be used

ph@ rehabilitation

ha%ﬁtlon method as the
,@petltlve yet it is often

N,

difficult to maintain the interest ndr&ie etal.y ]Q(:P\Img et al., 2015). Hence,
the use of serious games as ar?; he[Mg’}s is a promising approach (de
q

ualliy M

}és hbf un, interactivity, and immersion
of the game in exerc/é&mprqve\erlence person with disabilities (Ning et al.,
o 0 i (_)O
Serio @fcr * ilitatio rk(:an be more engaging than other exercises as it
replace %&bnd mo IMZ oh s

(Shah

to support or motivate activities, in this res rch be

(Almeida & Nunes, 2020). Itis a commq@i meth

traditional and standard rehabllltatlo ocess | %
20

O. Andrade et al., 2013) t
2015).

s with real-life motivations as a complement

tal., 2022). From fn(;.?research the objective is to focus on user experience

u%erlous games for rehabilitation. Usability is a quality factor that measures the

xtent’of simplicity that affect the receiver’s success in a system (Mugtadiroh et al., 2017)

meanwhile motivation is an improving factor to enhance motivation to learn and
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developing motivational attributes in persons with disabilities who undergo rehabilitation

(Hamzah et al., 2015).

“

The quality attributes from usability and motivation factors can b ed while

3‘3‘

using serious games for rehabilitation. Attributes are required to id the quality of

how serious games have been used in rehabilitation sessions an ies to the extent

of bringing new experiences to persons with disabilities (Holz et al., 2008) .Table
2.8 shows the keywords in the previous research that h en out ined mentioned
by their researchers for future enhancement and wor d Table'2.9 \?/s t@ﬁmber
of repetitions on each keyword in previous research
Table 2.8: Keyword Prevr seaé‘t
Author & Year Title of Resear Rsywords
(Gomez et al., 2018) Driving Simu? Iaﬁorm fo? C}Adaptrve cooperative,
Develop d Eva of Sﬁé.ry validity, reliability

and Err’?aﬁcy S ste %
(Fitz-walter et al., 2017) p:;er n Bet@‘yffor Driven Enjoyable,

Drive? nve atin eEffect of effectiveness

%\G figation ol L@&ef Driver,

Per otlv&mn and User
Bk

201 Racing Games Using Behavioral and  attention

(Geori & Demiris, Adaptlveh'ser Modelling in Car Experienced, expert,

Physiological Data
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(Merilampi et al., 2019) A Smart Chair Physiotherapy

(Jercic¢ et al., 2018)

(Gorsic€ et al., 2017)

(Novak et al., 2014)

(Andrade et al., 2016)

(Jonsdottir et al., 201\§IOU or
f

(Hughes et 4@

Enjoyable, fun, useful,

interesting Y*

Interactive, reliable,

Exergame for Fall Prevention — User

Experience Study

The Effect of Emotions and Social
Behavior on Performance in presen

Collaborative Serious Game between

Humans and Autonomous Robots 2 l
A Multisession Evaluation of An E oMnotivting,

Adaptive Competitive Arm

Rehabilitation Game

Increasing Motiv. | obo Wd I\/IotQLat;ng exercise
Arm Rehabllltatlm C mpet l{@ﬂty, enjoyment
and Coopera ? &
)
¥
ent \A&t(ﬁ/
\

s for

me la

Dynamic ul

Eveluti ryAIgr;lth inG
I atlon .'

\ |

Reachable, the games
getting too fast,
freedom of choosing
games, balance
ehabllltatlon Motivating, positive

Persons th M ple Sclerosis: A feelings

Ra omized Cantrolled Pilot Study
f'ra ation of;Evidence-Based Satisfaction, durable,
Assitive \/ nologies into Stroke easy to set up,

Rehabilitation: User’s Perceptions of ~ comfortable, low risk

The Barriers and Opportunities




(Merilampi et al., 2018)

(Wittmann et al., 2015)

(Fernandez-Cervantes
& Stroutia, 2019)

(Idriss et al., 2017)

(Tobler-Ammann et al.,
2017)

(Vugts et al., 2016) %\ea bilit

Activation Game for Older Adults —
Development and Initial User

Experiences
Assessment-Driven Arm Therapy at
Home using an IMU-Based Virtual

Reality System

Virtual-Gym: A Gym Virtual R

Platform for Personalized Exergame
Rehabilitation-Oriented i ta e

Kttrac@ghallenging

Development and Ev uatioz
Guidelines for M3\ eta 0‘

Yv

Entertaining,

motivating, memml,
simple c\

Dynamic movement,
C allek'ng
mpilefriety

X
I I

N
e

otivating,

O

Disorders

NS

&

: ) . e
User Pers on I':l§<erg 8 Q- Effective, satisfying,
Designed plar Q\ easy to start, efficient,
H ine%cted Sliace r t@ user-friendly, the
Patientsiwith Vi ial ng ect: complexity of the Ul

@)

ility fftu\ @
| (O

[\pplfw Gaming During
Intz(?pl aﬁhabilitation for
at s&vith@emplex Chronic Pain
and Fatig\@}/omplaints: A Mixed-
Methods Study

Feasible, illustrative,
motivational,

interactive

&
$
S
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(Lozano-Quilis et al., Virtual Rehabilitation for Multiple
2014) Sclerosis using a Kinect-Based

System: Randomized Controlled Trial
(Rego et al., 2017) A Serious Games Platform for
Cognitive Rehabilitation with

Preliminary Evaluation

(Hoogland et al., 2019)  Feasibility and Patient Experien

Home-Based Rehabilitation Pregram
Driven by a Tablet App anq@y
Monitoring for Patients otal ¢

K N

X

Hip Arthoplasty \, 0\
(Merilampi et al., 2017)  The Cognitive Mm s for

User-friendly,

interactive YV

interaction,
ompetitive,

C perztion
alance, challenge,

reward g
| S

{\T
&
i@licity, suitable,

f
Older Adults- ‘qnese HKT Aentertaining, exciting,
S

[

Experienc% « @ evidently catching
N A“’

\
(Chen et al., 2013) A seRUserl meri;) E@’ Immersive, easy to

Systematic Desig ious

casy O

o)
(Ling et al., 2017) %\Jsajilify}t&’f EXercise Games
f

R ilitation of Elderly

:% atigntsdAfte ip Replacement

Surgery: @ Study

( etal., 2018) Using Mobile Health Gamification to
Facilitate Cognitive Behavioral

Therapy Skills Practice in Child

navigate, motivating,

learning

Focus, motivating,
immersive, simple,

enjoyment

Motivating, interactive,

understandable, home-




(Brox et al., 2017)
(Tan & Zary, 2019)

(Prahm et al., 2017)
(Dhawan et al., 2019)

(Baur et al., 2018)

(Mubin et al.,'2019)
N
N)

Anxiety Treatment: Open Clinical
Trial

User-Centered Design of Serious
Games for Older Adults Following 3
Years of Experience with Exergames

for Seniors: A Study Design

Diagnostic Markers of User

Experience, Play, and Learning, for learnin
I &}
Digital Serious Games: A p aI RN
Framework Study \T
o

Game-Based Rehabili fo
Myoelectric Prost o roI

Prosthetlc%i

Virtual R

Tr%YR:bo\r?gzw ;@Ql rtual

x

Augment

ele'tonsw h Virtual Reality,
eality, and Gamification
for Stroke Patients’ Rehabilitation:
Systematic Review

based task, digital

reward, reduce?l!ty
More foc )

motivating, in detail,
dlff erent GUI
elf Less nt, e-

thI

Qumd{ simultaneous,

r|ty

{\

g?rm |<r§7 Physiological exercise,

engaging, motivating

Enjoyment,
cooperative,

motivating, interactive

Immersive, motivation
booster, potential

rewards




(Mubin et al., 2020)

Exploring Serious Games for Stroke
Rehabilitatioon: A Scoping Review

Meaningful to play,
handling of fail :

emphasizire\
challenm e of

user edback

Table 2.9: Repetition of Keywords in

Y
E.Relsearch

Keywords Number of Ke \wber of
Repetition I pg' ion
Meaningful 2 ent GUI ' 1
Error handling 2 rstaq@ 1\;Y~
Low risk 1 me=basedtask g
Challenges 3 \0) Rew 6& 2
Value of feedback 1 Red\ucg iqg\L 1
Immersive 3 c‘) ﬂ;yl c}& 5
Motivating % sy 437 3
Enjoyment 5 Suit 1
Potential z , | aining 1
Cooperative ) 4 \.‘ 4 C‘%XC'“”Q 1
Interacti \ Q @Evidently catching 1
Physidlegic | O Balance 2
¢

En &3 / ’ (j) Competition 1
%Fas} ) 2 $ User friendly 2

: Qgpﬁltaneous 4 \,Y' Feasible 1

exterity ’1&7 Ilustrative 1

Self-assessment 1 Effective 2
E-learning 1 Satisfy 2
Attention / Focus 4 The complexity of 1

d
Ny

ul




In detail Real / Presence 2
Attractive
Variety

Dynamic

Durable
Comfortable
Positive
Reachable
Freedom

Exercise intensity
Reliable
Experience
Expert

Fun

Useful

Interesting

L T T S S e =
A

)
Y
R

Adaptive
Validity

7,
X
A

The keywords mentioned in T‘ebf'{ er.rQ%he previous research are meaningful

ed. F@tablq&b most repeated keyword mentioned in
5 O

by

and worthy to be di

|
the previous stu is “motivati \ﬂhi%lifafers to feelings and the outcome of persons
. W
ro dl

with disabi@/inq.s 7

researchers%for ‘more than 10 @e hence it shows how motivation can affect the

%

r rehabilitation. It has been mentioned by the

deve t of serious games in the rehabilitation. Other than that, the word
ent’, ‘interactive’ and ‘simple’ are also being highlighted in the previous research

repeated almost 10 times.



Serious games bring new real-life experiences for persons with disabilities to
undergo their rehabilitation exercises. Besides, ‘cooperative’, Vul’
‘challenging’ and ‘easy to use’ serious games are other criteria that ne bedded
in the development of future serious games. The outlined keywords a % din Table

2.9 shows the repetition number in the previous research. There than a hundred

keywords mentioned in 30 different research papers that f USW user experience in

serious games for rehabilitation. As this research is focusing‘on use e perience factors,
the following subsections are discussing on the factor \Y"
O
iy
2.4 User Experience \, 0\ T

Experience is a subjective scene wh| c% elther INgs K@Mty or vice versa
towards the user. The more s n inaé;@( happened in users to
identify, the more compIeX| S d in ex %ces (Basri et al., 2017) in
their research stated that many p rspelt ivesthave S&Y existed on user experience and
it is understood in dlﬁha gQ( al"(éypllnes such as user experience as a
practice and use e en as ield tudy Other than that, (Tokkonen &
Saarlluoma 2 th r res k.vdas@r%ﬁllghted the importance of user experience
in terms% c9n xt d elﬁshlp with other people.
ough user experlenegn be defined differently according to multiple
gr clear definition of user experience which is promising to nearly approach the
Q ccording to (Law et al., 2009) is constructed as a person’s perceptions and
ponses that result from the use and/or anticipated use of product, system or service.

Even though there is no consensus on the definition of user experience in literature,
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there is a common understanding which shows the interception of the meaning and

makes the user experience more holistic (Hellweger et al., 2015; Hellwe@ng,

2015). Thus, user experience (UX) is summarized as a consequence of’ &Eas internal
state where the characteristics of the designed system and there is qqstext gtated within

which the interaction occurs. \,

User experience is a quality of interaction whic caWsure and evaluate a
participant has when interacting with a computer s S tow 2017). The
quality of the UX is not depending on the common @greement gn na e’anq_‘s)&be but

A
on the growing interest and method. The evaluatl f the ‘us ility of serious games
Y/
can be shown in terms of user perspectives an feegf theQXg antoso et al.,
2016) states that usability is one of t\&@wg soft ahb‘énterla that belongs
to a non-functional requirement that eflnes %rs @ and use the product,
_ N
system and service to fqu|II Jec Qes a tls(é:flon by following certain
"X
processes. N

Serious games% ilitati !n ar Lp%u aimed to help users gaining their

abilities during the M/ se@? |des g enjoyment and motivation through

bs L, ean et al., 2002) in their research stated

different types a ilitati
that motlv W a frequentl usec{cgncept and has been described as an important

deter mS 0 rehab‘l‘ll on{ Th terminants of motivation are not only located in

the\ ersonality but also\n social factors.
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2.4.1 User Experience in Serious Games

In the past few years, its seen a surge in digital games seeking to &Ytrain
and inform the users on a broad spectrum of topics where serious&me are often
defined as the games that are developed for non-recreationawm)ses and used
as an adjunct to education and therapy (Tan & Zary, 2019)~The use of serious
games at every level of age has helped users to r gt;n'target and goals.
Children benefit from serious games in educatio anwhile gest get the

g
advantages of living a healthy life with the interactio b‘tv_\ééh human

. Y 1 :
and computers has led a user to experlenwwssm@ erlo‘Z~ ames.

Serious games are now the M used in the'therapy, of rehabilitation
field to help the eldest and peopleﬁsaw

&
of doing the tedious and rep werg t ra%/:they can have their own
s%

ave @ality of life. Instead
A
- - - - q
experiences in using serw\ es g

manage their daily, life\(Brox et'al.,

conducted to inve% the% ﬁe&mg serious games on the eldest. The
results of th@s \!e shewn t here is social-related involved where
emotion-@ b(ela\ﬁ%e}a'teoc@d attitude-related have been identified (M.

K

[72]

ufficient balance and strength to

\
. ntly, many studies have been

N

C

e erious games on user experience is significantly

~N
ger in terms of empathy, positive affect and behavioural involvement where
0

0 cial interaction is intended (Pereira et al., 2019). The lower level of loneliness,
social anxiousness has declined, and a sense of connecting or being with others

are the positive effects of serious games on the eldest (Li et al., 2018). Thus, the
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importance of serious games in assisting the eldest and people with disabilities

have been widely used to improve their physical health and social {R It has

resulted in positive impacts on both health and well-being. :")

As the assistive technology tools, serious games h been played on
many types of platforms. Robotic, virtual reality, and sima$: three types of
medium for the eldest to stay healthy and do the rep atiWrcises in a different
environment. The immersive and supportive ch istiCs ol{rioagames have
been the essential look for the eldest and péeple with disab tiis't dergo
therapies. The aim of helping them through est technology, @esulted in

the user-friendly, fun, Iearning-based% ga \nce, Qg s in outlining
the new guidelines in developin{@s game utu@&orks as it helps in

improving adherence which ften mﬁ;e? b /épects such as lack of
a%). % )

motivation (Hoogland et

u Q—
\ &/
Several strategﬁa. be oposed to% rove patients’ motivation and
h

exercise intensity
explore the pﬂﬂWayslto\h
&
ames bri ew' exper for ysérs especially the eldest and people with
g EQ\ pe "| (_'4%_9 pecially peop
disabi@ e wmy i%ious games using a robotic platform is much
ea 'were ig a efnent@-adapting and helping users to undergo exercises

N
mpi etal., 2019). 1‘1(;3 factor of robotic serious games being more adaptive

abilitatio ¥ t tic serious games are invented to

the gé((Novak etal., 2014). Robotic serious

‘% easier has contributed to the impaired strength and balanced of the user.
0 A growing number of people nowadays have contributed to the interactive

robots that act specifically for society. Social interactive robotics led to the human
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and robotic interaction where it related to understanding, planning, and assessing

automated framework for users (van Greunen, 2019). One OKR main

applications that use robotic serious games to undergo rehabilitihs shown

the long-term results of positive impact. Furthermore, a robot-aided platform is
frequently combined with virtual reality (Novak et al., 2044). Virtual reality has
become one of the objectives in virtual rehabilit ionY'Hake the process of

therapy a better experience for the eldest and wi @a (Pasqual et

al., 2016). "X
| O
The intellectual games which |nv mujtll vel chalquges have

proposed a structured model of dev p| r%a us @ s for users to

experience. The merger of @sed a hes,~ahd virtual reality

environments can enhance@slearn v 'rPrng methodologies in

rehabilitation (Checa & : 2(’19) aI ous games are growing

success due to a severa?ﬁ thT tlvate users using multimodal
: 2019)

interaction (Pasq Per; ‘;r#n ser experience on virtual reality

lopment-in training, rehabilitation and mental

Y

has to speed \h&prod'ct

health ther, ( 0 e - 3019

er ve tha cteK(sI.lc of virtual reality serious games provides a

:wperlenc Jsersxeﬂd it is easy to manipulate and arrange the virtual

>

using the interaction’ways developed for it (Nam et al., 2019). Hence, soft

‘%otlc paired with immersive virtual reality serious games has created a

personalized assistive therapy experiences for the eldest and people with

disabilities (Elor et al., 2019). Other than robotic and virtual reality serious games,

65



simulator have been used widely in rehabilitation. Driving simulation is part of
rehabilitation therapies in which the eldest and people with di&blﬁies to

experience a realistic environment. :(')

Research-based driving simulators have emerged as_a safe, convenient
a

way to assess driving performance (Tiu et al., 2020). Sekious ‘games using the

driving simulator platform have made it easy for. usWers to record their

mandatory practice sessions. The suggestion o iving Ktivaon and user

experience in the driving simulator has ouraged ja d u,ssi‘ce)&;n the
ur

effectiveness of serious games in behavio nges ‘(F z-Walter v%al 2017).

User experience in serious games has% br%a trumﬁvelopment in
rehabilitation and user behawour\o) Csﬁ

Serious games brlng expe Tt q@. users with different
0 N
environments and learni m It |ne ienced users to have the

feeling of real-life sﬂu? at ad the issue of being bored and
tired of doing the tandard reh ‘Ll‘ta‘b& therapies. Thus, user experience

&
has led to a Nhenqne in méﬂélng motivation and improving the

&
e are(e}'isting models for usability and motivation

usability o ame :
4
that h ee usedmc?e ast c@mdes to pursue and develop new serious games

for, Idest ana'p & withudisabilities in rehabilitation.
A S
AN

\

.2 Usability Factor

QUsablllty is part of user experience (UX) that can be defined as the capability of an

entity to be in the design of products and evaluated by the inspections or usability
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tests. Usability is part of the user experience that includes all the users’ feedbacks,
emotions, beliefs, preferences, behaviors and accomplishments which Kxﬁxe,
in the meantime and after using a product (Quifiones & Rusu, 2019)"Usability is
an interactive system that can be used by specified final users t%f e quantified
objectives (Luis et al., 2004).

Usability in user experience is part of soft areV'H}; which becoming
more essential nowadays. The quality of usesi abilityyhas contributed to
understanding the nature of user experience roduct deve Teﬁg)@‘lotins,
2011). Usability is a construct that is inheﬁﬁfingd Si era@(Thielsch

et al., 2015). The models are conc%Ziewg\ \rethe fé@g areas are to
demonstrate the usability of the @oﬂwar an 6Dubey, 2012)

Over decades the tern‘gﬁsabilit \as\pYen e@ﬁned by many authors
N
and the final definition of is B

y is best known 20 idely used from the ISO
9241 (1S09241-11,1 e el ofthe deﬁ%ﬂj, on to which a system, product
or service can be the se. ifie yée@ achieve the specified goals with

&
efficiency an;LQgEmtior' ihecifieédntext of use (Rusu et al., 2015). The
tivi i

mainstrea@
variou es’o fguées a odels to measure the user-oriented quality

y
@ ft¥hn
as: ent of tec oﬁy ineluding satisfaction, efficiency, learnability, and
S ess (Mcnamara, 2‘0(68

y in @r experience is evaluation. As there are

N
).

% The evaluation of usability in serious games is depending on the model

0 and techniques that have been chosen. However, the key to evaluating a software

or a product or a system is to ensure the experience gained by the users and the
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functionality of each software or product or system is useful (Mcnamara, 2006).
Since the human and computer interaction (HCI) is showing eWple
disciplines of developing serious games as one of the assistive t (sﬁ@gy tools
in rehabilitation, the principal approach to understanding the ﬁ interaction
is by knowing the definition of usability and its measukement (Wright et al.,
2001). The following Table 2.10 show the types uWy models that have

been used by researches to analyze data models 0 rec@es.

d?
i ent Studie \T

Table 2.10: Usability Models in
._\
Model Attributes oqﬁ é\‘

Nielsen’s Effectiveness, E%I t||§§ how effective the
Satisfaction, Learnabili \ys user needs (Alturki
(‘) 599 y,’2017)
0 )
Later: E Q—

LearnabmSat

emora{llty rtant attributes that influence
4' the acceptance of the product and
% divided into practical and social
&

O acceptance (Madan & Dubey, 2012)
\ : l
(f) 2.9

‘Eeuc%d as%&f useand A useful framework for explaining
Ac us ulrigss\/\Z~ the intention of use, usage and
éTAM) \07 satisfaction (Charness et al., 2016)
0% Discussed the theory of reasoned

and recognized the

action (TPA) and behavior (TPB)
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which focuses on potential users

(Hussain et al., 2016) Y*

International ISO 9241-11: Usability in which a mt can be
Organization Effectiveness, Efficiency, used by specified_users to achieve
Standardization Satisfaction specified go s in a,specific context

(1ISO 9241-11) of use (AIL*E ay, 2017)
ISO 9126: tl\d
Understandability, * X

. " | &
Learnability, Operability, RN
Attractiveness, Usabilit \T

*4

Compliance 3
°x <>
| Lﬁ‘.
There exist several qua y m eI th II (1977), FURPS (1987),

Capability Maturity Models 1 EEE (1992 Dr@ (1995), and 1SO (1991)

that are given by the researc as nsableéﬁfallty attribute for a software
012) J

;:ﬁerl f@-}% ime to time the development of
endi

n the quality of usability but in the

system (Madan &

software or prod is not

experience f by dely inspection method to evaluate usability
and user r nce " uﬁp%‘ae process of developing the recommended
elem usabﬂ use% perience (Quifiones & Rusu, 2019). A brief
e ion of the models @able 2.10 is as follows.

(A)Nielsen’s Usability Model

n
Ny
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The history of the usability was used in replace using the term of user-
friendly concept which was introduced in the 80s, howe\KWent
researchers have produced different meaning of usabilit g@goes for
Nielsen. (Madan & Dubey, 2012) define usability as the ability of a user

to use the thing to carry out a task successfully, v%e; user experience

i W entire interaction.
sh wi@?ycus area to
X

demonstrate the functionality of the software and produgts. N
e

Nielsen Model in 1993 studied*apd recognized'the usgbility as an
Y/

takes a broader view in looking at the i

Usability models are conceptual views

important attribute to influewzccgﬁ) \eof a %cht. Nielsen’s
Usability Model contai Gﬂ)‘in attr effcé‘h/eness, efficiency,

satisfaction and Iearnacljs howe \he?te @oved the effectiveness

N
attribute and adde abilﬂy an e&ror{(’} c'?1is new model (Alturki &
Gay, 2017). Th@d li en sab@/lodel in 2006 consists of five
main att .V efficiency J_elarhb'llity, satisfaction, errors and
4 &

memw (Ma{ia
ho ectively

¢

ubey 2) which defines the term utility as
ibute re ngfto hQ‘V easy something is to use, more specifically how

&
em cc%@neet user needs.

£, . " .
or@zr in 2006 have defined usability as a quality

S
quick people can\cgarn to use it (learnability), efficient while using it
(efficiency), memorable and error-prone it is and how much users like
using it (satisfaction) (Rusu et al., 2015). The term utility as how effective

the system can meet user needs (Alturki & Gay, 2017). Studied and
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recognized the important attributes that influence the acceptance of the

product and divided it into practical and social acceptanC\Wdan &

Dubey, 2012). Figure 2.6 shows the updated Nielsen Usa &V)Iodel

Efficiency
Learnahbility
£
= Memaorability
e
@
; A3
= Satisfactions ' .{’7
Errors py
»

\ Q
Figure 2.6: Nielsen’s Usabili 0 Itlﬁl\( Gay, 2017)

&

Each attrlbute dn‘fgrent ncn2§3d focuses on usability for

the user to expeni hlr the duct Nielsen’s attributes in
evaluating us% user @‘Le aYQ‘uore mature and better-motivated
usability M (K|0t| 011) e following Table 2.11 shows the

defm&h&f pcca)@g to Nielsen.

% Table 2 ﬁlels‘Qr’s Usability Model Attributes
; Ny

\Efeflnltlon
nability The system should be easy to learn, so that the
user can rapidly start getting some work done

with the system
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Efficiency The system should be efficient to use, so that
once the user has learned the system, a hw*

level of productivity is possible c\

Memorability The system should be easy to reme & at
the casual user can return to the,System after
some period of not having used it %

Errors The system should have a | wate so that

ow err :

users make few errors &Ie use of the

system, and so that i 0 a% they

can easily recover from th T o

Satisfaction The system sho e pleasant t ' sciﬂ?at

users are subjeeti % en @'g it;
they like i
oY
: Gay,.201 o&k)@k Ersoy, 2015)

Source: K

(B) Technology Acg@ Model C—)
<8~'
N

Information te gy 11 ptign| and in the workplace remains a

central con%rmfor i0 xe Qe‘search where significant progress
has b&\mde O\Ier the last de in explaining and predicting user

N
a Me V!Venk shl et al, 2000). Motivational affordances and

ility a characteristics thought to be predictive of

b 4
eptance ecaﬁ'se th‘&" directly relate to the perceived the usefulness and
ease of use crlterkof the Technology Model Acceptance (TAM) (Rupp

A
‘é\ etal., 2018).
N

. %

Technology Acceptance Model (TAM) is an information

technology framework for understanding users’ adoption and use of
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emerging technologies in the workplace environment and has been tested

in older populations (Portz et al., 2019) . Technology AcceptanceModel

(TAM) is invented by Davis in 1986 to predict, explain a!o(m}ase user
[

acceptance by understanding the human and compu{e; interaction. The
first name of TAM comes from the theory of reaso% n (TRA) which
focuses on predicting and explaining the us bWur.

Davis has introduced an adaptati TRA, M’{?specifically

;s @
meant to explain the computer usage behaviour. TA s'e TRA as the
. S

theoretical basis for linking the two k liefs of per ivedqf-usefulness
Y

~As 2&“, TAM is a

and perceived ease of use (Davis &t al.
f p@bology namely the

conceptual framework b@ th

theory of action (TPAQde i ?’B | {NS model explains the

acceptance of give%nati&h technalog c}potential users where the

original TAM % to eV useg'&ess and ease of use. These two
Y Ir’s

attributes i% theu l ards technology which turns out

?ud
to de@hEir'nt\bn in usiAg or adopting the technology (Hussain

D
—t
=y

o
@D
>

Y,

O L §
% Au Tyra ez@észor explaining the intention of use, usage and

%isfacti‘(;n afness;‘et al., 2016). The theory discusses a person’s intent
of use (acceptano“ea/ technology) and usage of behavior (actual use) of
technology based on their perceptions of technology’s usefulness and ease
of use (Portz et al., 2019). Although some limitations on TAM such as

limited skill, time, environmental or organizational, the two keys play an
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important role in presuming the objectives (Naeini, 2012). Figure 2.7

shows the TAM attributes. \q

Perceived

Usefulness
-
Behavioral Actual System Use

L 4

Imtention to Use

Perceived Ease of
Use

—\
Figure 2.7: TAM a S (Nag\anO?Z)

&
(C) International Orgamza\%r Stand |zat|®ISO)
The usability of softw?qas beco e! ma@eseamh them within the

software englne . In ehnatlonal Standardization for

Organlzatl%z is def Ee% ds attributes that bear on the effort
divi

needed we an assessment of such use, by a stated

or | Abr al., 2003b). 1SO consists of three basic

Usability ﬂi"user experience according to the 1SO 9241-11, 1998

‘é\ is the extent to which a product can be used by specified users to achieve

specified goals with effectiveness, efficiency, and satisfaction in a

specified context of use (Abran et al., 2003a). It is interesting to
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investigate the user experience definition proposed by ISO which

addresses the object is related to a product, system, or service.&is hard

to pick one word to define the user experience according tS &BO, hence

the definition of usability and the use of UX is narrow‘er than the general

meaning. \,

There are usability standards whic haWn categorized into

four different groups. The following Fig show: t e stapdard related

to usability in user experience. ? I ‘,3 c,)
Organizational Process Product Quality

Capability quality quality in use
Development
Process
Capability of use User Centered Process Interface and Interaction  Usability in context
ISOTR 18529 IS0 13407 IS0 9241 parts 10, 12-17  1S0 9241-11
ISO/IEC 9126-3 ISO 14598-1

ISOMEC 9126-1,4

N,
\f (.z
% he SC) Jdeveloped the classified standards for software

%v N\
% ility gFigu "2 sk@vs the categories of the ISO usability standards

Yv
which are divided u%dfour groups. The first category is the product effect

%\ which focuses on the output, effectiveness, and satisfaction at the time of
0 using the product. The second category is the product attribute which
involves the interface and interaction of the product. The next category is
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a process used to develop the product and the last category is the

organization’s capability to do the life cycle process (Abran KI.QOO%\,

2003b). :(')
Moving ahead, the ISO laid down from the year 2000 to 2002

edition with the main objective is to provide aQ{anork to evaluate

software quality from product perspectives him new sub-attributes

namely understandability, learnability, bility, Weness, and

usability compliance (Abran et al., 2003a). There i§ tota '8 Q@Etes in
A
en 0

ISO for usability. Usability is wh ductecan b usedvy specified
v

users to achieve specified goals inz sp textéﬁ%e (Alturki &
&

Gay, 2017). \c') O

\1&;@ i g@*the nature of the user,
oN

The 1SO is use@5usabil
the task, and the er%ent. fha p ct-(cg{éﬁted approach, usability is
seen as a relati m'epe t contrib ﬂﬁ\ to software quality (Abran et
ool

al.,2oo3b)(53 95 J‘ﬁ@b-aﬂributes of 1SO in 1998
’&\ S~ O
Effectiveness

Efficiency

Usability

Satisfactions

Figure 2.9: 1ISO 9421-11 Attributes (Alturki & Gay, 2017)
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From the recent usability models that have been used in recent studies, the

researcher has summarized the focus and attributes explanation of ea“rl\%del in

Table 2.12 below. : (‘)

Table 2.12: Usability Model Summarizati z

Model Attributes Explanation Focus
Nielsen’s Effectiveness Related to the pr ivity of the, User
system £xperience

Satisfaction Give pleﬁ%lings hil iI,g_\‘v\)“
the system can fulfill tasky~
NV

Memorability Can retuth to \?F{IOUS tate,

Errors c—jhould
ecaver "}
‘% ‘&
N Aj A
TAM Perceived f ,Atti S 3 s the system Adaptation on
|
Use P L to new
i

Pew ® te g&f) use the system technology
oy &
ISO 9241-1](§hct7enes ‘,' Cgrﬁpletion of task within the System

\(ﬂme acceptance
EffiCi 2 Y‘é\ Accuracy of completion
)

User acceptance

Ii&%% Understandmity Software product to enable a user System quality

to understand

Q Learnability Software product to learn the
application




Operability Enable users to operate and
control the system YV
Attractive Attractive for the user to use c\
d

Usability Meet the standard and user’s n.

Compliance %

From the summary of usability models in Table?iy it is affirmed that
usability is generally regarding how easy to Iearr@ to ule, and enjoyable.
Usability is about efficiency, effectiveness, and gverall'satis ac.ti\%jtlkcgrmbine
with intuitive design, ease of learning, the %y o} use,

frequency and severity, and subjective sgsfacti \reg,a dlesz Eq\e§/ are called

attributes or goals (Rusu et al., 20@ al’ é
€ su

It can be concluded from a \I’.\T? ;9<t£1at Nielsen’s Usability

Model is focusing on user experience where fi € att@‘es that can be discussed.
&
TAM shows the user accepﬁ#e a avio@d intention to use the system.
\ltem uali

The 1SO starts wit}%; for s

2yl ¢
the end, for impreyvement t"u fo@ on the system quality. From these

four models Q{% use ious éé'd’les, the researcher has decided to choose

@ l C.)
sability mod (f;m@lng the research objective to investigate and

N
usabili t,ibut%‘

in rehabilitation 5égm|res important attributes to sustain and prolong the

emg%‘gl?ty, error

sed on preferences but towards

Nielsen’

\ies and exercises using serious games (Bowker et al., 2006), there are three
3) attributes from Nielsen’s Usability Model that are suitable for rehabilitation.

The rehabilitation assessment of persons with disabilities according to their daily
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therapies and exercises is strongly emphasize on the impact of the injuries they
faced. With less neurological impairment, the assessment is ba{ n the
observation and judgement of the therapists to identify the best ps&w actions
needed for them to learn and memorize (Mousavi Hondori & IgEadem , 2014).
The three (3) attributes are learnability, memora% nd satisfaction.
Memorability on the other hand is a vital attribute tha ne@be in serious games
for rehabilitation as every person with disabiliti r in@erapies has
- - - - - - ‘ -
less neurological impairment. (Merilampi et%al., 2017; Mo V,I I'L%&E)I’I &
Khademi, 2014). As efficiency according to Jakol,Nielsen is to escrlb{:-the system
Y/

\aso cag&(pressed with

performance (Madan & Dubey, 2012),% abili

efficiency and effectiveness (Wint@oo&.
to maintain the learnability attri@S‘or thi ?1

Other than that in thisx%r, thdrese r isdﬁ'l?oducing one attribute that

affects user experience i i
attributes of usabili@

theé@archer has decided

exp impair t and ip-this research the four (4) groups selected to be
. N
r{ nts are having a\('%ss neurological impairment, hence ease of use,

%&bility, memorability and satisfaction are the essential attributes for them to

Oe able to learn and memorize during their rehabilitation sessions.
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2.4.3 Motivation Factors Y.

User experience is an important field in measuring the preferenc users of
every level of age. As motivation is one of the criteria that have been discussed
recently by the researchers to be as an added value in devgloping serious games,

it is essential to have a heuristic guideline for the de |OW. Motivation is vital
in delivering impacts for people who undergo th rthe Qlol!\staﬁtay healthy

and keep their momentum growing (Merilz@l., 200, T -s'indiceéﬁ's high

motivation level and sense of usefulness in tising ser}o games f%:.sustaining

their health. Y- \ é\‘?/

The adjunct of motlvatlo@\e{lstlc e o%serious games has

led to the exploration of usqerlen nes and theories that
discussed on the |mportan tivafion i r be@s:\?lour and preferences such

as the ARCS motlv de e IﬂtF@IC and extrinsic motivation.

Motivation is the% 0 wh o'lw ‘-lﬁ ffort is directed towards a goal
(Hamzah et al 5) I\@ al des can be used in enhancing the urge of
Iearnlng, |n , trai ii de\@f&;mg motivation characteristics in users’
self- m C—)

|vat|6n bIe to the internal perception that effecting the

or. Behawor changé?have often been measured in previous studies (Baur

., 2018; Chen et al., 2013; Dhawan et al., 2019; Merilampi et al., 2017) by

0 recording a participant’s time and frequency spent on activity involving games.

This usage data is generally obtained automatically by the system using various
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sensors (Fitz-walter et al., 2017). The use of virtual reality and computer games

in neurological rehabilitation has proven an effective strategy to@ an
attractive system that motivates users to perform tasks that maketi@)ilitation
process easier (Jaffray, 2015).

A comprehensive definition of motivation is referwwhose things that
explain the direction, magnitude, and persistence bveUurs where there are

many theories and concepts explaining on motivatien. The following Table 2.13

shows the definition of the existing mode%{as been use rice’rt(:lg)zrf)y the
A

researchers in the motivation of user experie 2 \ &

¥
Table 2.13: Motivati ﬁﬂ}’del anw iti@«é\

Model C ; ;\__ ni;)o;i\

ARCS Motivation g;ﬁ & 'he | is used to evaluate
Ajtheﬂﬁotivaﬂonal stimuli  for
, l@her’s or user’s motivation

2 bj ‘_‘Q/Qid performance
\ Q The model is asserting the most
important elements that make

O - -
(\ e :' c.) game-playing fun and engaging
@, as well as sustain player’s
>

Q/ 4 (s T continual  motives  (Olens,

\g}/ 2012)

\ Extrinsic Motivation The model is in contrasting
§ with the intrinsic motivation

5,

which refers to the pursuit of an
instrumental goal (Reiss, 2012)




N

There are various types of motivation models that have been used by the
researchers in their recent studies. Intrinsic and extrinsic motivation %E o? the

motivation models recently used. The model is using two variablj%h brings

the difference in terms of motivation. Intrinsic motivation is.can be identified as

enjoyment and entertainment meanwhile the extrinsic mativation is classified as
usefulness (Shin et al., 2009). Intrinsic motivation anwﬁ!fined as the desires
to perform any task for one’s sake meanwhile t insic i@ contingent
rewards (Tirole, 2003).

However, Keller’s motivation model™is, focusing' on/is the;zane who is

\cases @Gtivation. The
ctio@&model that use to

responsible to develop an instructior%%el

ARCS motivation model by Jo\;ﬁ)r is ani
i r}@ﬂing the completion of

motivate users and ensure thecgsinuity
N

the tasks (Keller, 1987). %nrt réulte m% thesis of four categories

of motivational variab hwr called @terest, relevance, expectancy,
|
F &

Studi(;@:d thit ing-the A motivational model in educational
&
Sig an\sng ful@rease the motivation of users (Hamzah et
’
’ 4

al., 20 Hence, the

and outcomes in 1 ller, 2016).

and traini
I is j@portant for users to gain, sustain and maintain
m and irit ofw{?arning while doing the exercises. There are four

)
es in the ARCS mbctaation model which show the different focus and aim.

ﬁt\
1%9 four components are Attention, Relevance, Confidence, and Satisfaction.

Figure 2.10 shows the ARCS Motivation Model.
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| 4

Motivation /
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ks AN, o~
4
Figure 2.10: ARCS Motivation Madel n, 2014)

The ARCS model is important to ivate learner at]d '@)&e the
A
c

continuity of the motivation during the task letiop. The odel"qbased ona
v

synthesis of motivational concepts%‘ar t\ts in@ﬂr categories:
attention (A), relevance (R), c@ (C), a

isf@sn (S). Table 2.14
shows the definition of each @sue in \!\-RY

@ation model shown in
N,
figure 2.8. % o u Q(?
WZM‘ AF\? M&ﬁ;%tion Attributes
i P g
Attributes 3 E&t{v/ A (4§/

Attention &\ [The fribu@rcorporates research on curiosity and

ial, i@est, boredom, and other related areas of

¢
(o / e at'ép'geeking
Rele\%& ? ): h@tribute refers to the user’s perceptions of

: i.@lr'uctional requirements that show consistency
\ @ith the goals, compatible with the learning styles,

and connected to their past experiences

nfidence The attribute refers to the effects of positive
expectancies for success, the experience of success,




and attributions of successes to one;s own abilities

and efforts Y'
Satisfaction The attribute includes the appropri \u

intrisincally and extrisincally rewar tcomes

that sustain the desires of learni ehaviours and
discourage the undesireable ones

b

Motivation is one important factor in user exper ; |t'|s frequently used

as the determinant for rehabilitation outcomes (Olensy, 20 ).\Pmdmo%rusers

performances by gaining and sustaining mo@whlle laying ‘SeﬂQcL?S games

ry t@ey played.

Even if curiosity is aroused, motlvatltw if thaco t ha&%erceived value

for rehabilitation, it is essential to have a m nb t

to the learner. Hence, the ARCS Mtlo model<ftom i@er is selected to be
N

used in this research. 0

&

Based on the ARCS‘mot “OM 1 J“the first lesson on the model
design is to gain qz atte\#l 6 or this can range from simple
unexpected event{m tal mﬁléjoblems that engage a deeper level of
curiosity at thm nin a legson. (Jéﬁprove rehabilitation efficiency, virtual

!
reality heI \ves Sérs’ Uln%rie@s and motivation to perform the exercises as

>

the toel at h‘avb}%n usé}whlle playing are head-mounted displays,
Yv

st@opl glasses and Iarg?)%reen projection (Surya et al., 2017). This can build

‘% Xt requirement which is relevance. Even if curiosity is aroused, motivation is
0 if the content has no perceived value to the learner.

The next condition is required for motivation is confidence based on the

ARCS motivation model. This is accomplished by helping users establish positive
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expectancies for success. The need to always keep updated with current technology
and advancements are important because it can deliver a positive ir@n’ the
health field especially users and allow professionals to provide the g@rvices to
them (Jafni et al., 2019). If the users are attentive to the interesting content and
moderately challenged, they will be motivated to underg :R:itgation. But to

sustain the motivation, user satisfaction is another k inodel which refers

to positive feelings about accomplishments a ning @es (Keller,

2000). s .
P 4
N

2.5 Attributes in User Experience Factc}/

User experience can be defined as a rr@g]tary,

or bad while interacting with ar@mt St servi
£ IS

experience is the consequenc illi

and stimulation of self=ori ; throIh i tefach; with the product or service
’ F &

rient:égmdel highlighted in (Law et al., 2009),

(Knijnenburg et al., 2 In the TS

the researcher has WI ed h

'

‘ S
terms of its att@ich % does the pr{(guct or service effortlessly delivers high-quality
[ YwﬂZ‘for @

N
\ Xperience is an imb%?tant keyword of the third wave of Human-Computer

results or itis o‘;s

(HCI) (Badker, 2006). Throughout many years, experiences are increasingly

important and play important roles in providing needed knowledge on the relationship

between the interactive technologies and user experiences (Roto et al., 2021). Previous
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research has shown that games can work as motivators or to help change in user’s
behaviour (Baranowski et al., 2013) and the quality attributes in user exﬂace are

derived through developed guidelines from the human-computer interash\/inter et
al., 2008).

One of the research objectives is to explore the relaﬁj@;v between user
experience factors through the attributes of motivation and my of using serious
games for rehabilitation. The user experience facto re errlJ\dMo models:
Nielsen’s Usability Model and ARCS Motivatio odel. Befo inale:)ﬁa'g the
relationships between user experience factors and se gan}es or habllq;»fatlon in the
next chapter, all quality attributes highlighted,in th rev,%) arch Q&rto be mapped
according to the factors. \O)

As Nielsen describes the sch of rece g rﬁ system by users and
ensures they are affected by the si of its attri utes oqﬁ.t"(Muqtadlroh etal., 2017).
He understands usability as ?@rty everal d| sions and yet, it consists of
different components. Th me u E lu |ty model to explain the use of a
system which comp@: qua y utes nter et al., 2008). However, for this
research there a ly't re‘e iityc‘)@butes used by Nielsen’s: learnability,
memorability Q%&,sfact n Eafe@use to measure the efficiency (Mugtadiroh et
al., 2017)A e2.15 be{owg;vst efinition of usability attributes from the previous

&’
researr\

0 Table 2.15: Definition of Usability Attributes

Usability Attributes  Definition
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Ease of Use The system must be efficient to use and has a low error
rate so that once the user has learned the system, T
level of productivity is possible (Gupta e
Hussain et al., 2016)

Learnability The system should be easy to learn, so e user can
rapidly start getting some work done a&:hleve their

goal with the system (Alturki & 7, Yuniarto et
al., 2018)

Memorability The system should be easy, embe !o that the user
can return to the system after some pefiod e'(A'Qurkl
& Gay, 2017; Korhan 0 2015 '

Satisfaction The system should an th the user is

subjectively satl ied |Ie{§1 usin (Korhan &
Ersoy, 2015 et ak, 201
— /\?

From Table 2.15 the de f| n m(ﬂ] tt@)\r searchers on usability

&
attributes are referring to the pr e earc Isen ested that the system must

be in the easy to learn, e to emorize, ea t? % ed and give pleasant feelings to
the users (Yuniarto et al. % Satisfaction is (@éasure of the response and feelings of
users when they playéﬂused | systém, f0§$ ample freedom from discomfort (Gupta
et al., 2014). As Q})re iolis ﬂch (§Br|ous games have offered quality attributes

over many ssqﬂ et oloq?'such as simulators, robotics, and virtual reality.
Qx usability factor, thezgd’(llne criteria for each attribute have been mentioned

base e widely acceptance and consideration from other researchers on using
% s Usability Model (Gupta et al., 2014; Holzinger et al., 2008). Meanwhile for the
ation factor, the outline criteria are based on the ARCS Motivation Model made by

Keller. Motivation attributes are one of the topics that have been repeatedly mentioned
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by the previous researchers. The way each researcher describes how important the
attributes in motivation factor affect user experience while using seriou&ﬂes for

rehabilitation has been tabulated in Table 2.16 below. Hence, Table SS@\OWS the

&

Table 2.16: Definition of Motivation ttrwg

definition of motivation attributes based on the previous research.

i
Motivation Attributes Definition . \' A
Attention The response of learners to perceive instrugtional &Qﬁuli
given by instruction % I ' .f)
Relevance It is about helping conné r priot learning
experience to the nstruetio :\?ed

XN
Confidence It refers to e@ the importance of:building positive

expectations fordthe perfor of @r students in the

learning tgﬂ) >? @

Satisfaction It wil nd o @Iearning process, when
aci@ new knowledge and skills

N

I = Source: (Hamzah et al., 2015)

>
3

learne ea

From Table 2.16, the r :ﬂﬁjattributes in motivation factor which

inigion b
needed in enhancinﬁﬁ‘ivati learn, WO\ nd improve skills (Keller, 2010) . The
e
attributes in the ‘% mo iv(&?@d I(‘ﬁhve been used recently in gamification and
N
al

serious ganQ&ﬁ)prpxn 4 za
_ : L
into learnin

environments have @Mm exponentially and rehabilitation has been one of
N

., 2015; Keller, 2016). Technology infusions
the fi \ the healthcare sector that use technology for exercise sessions. The special

& ristics of the model are important to ensure the continuity of motivation during
t

ompletion of tasks (Keller, 2000).
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Table 2.17: Summary of Criteria on Quality Attributes : i

Attributes Criteria

Ease of use A low error rate, help users to feel at ease A
Learnability Easy to learn T
Memorability Easy to remember, repeated \)
Satisfaction Pleasant feelings, freedom Y'

Attention Perceptual, inquiry l

Relevance Goal orientation, motive matc .\d,
Confidence Reward, competition, é’? J ' _SY'
Satisfaction Achievement, self-expres i \y

Table 2.17 shows the summary f out' m the, definition of each

quality attributes in motivation and usability fact h?l’l EIK utlined in the previous
research help the researcher to ma th%d‘d%) |t@butes The keywords are
displayed and highlighted by th Vio ers@ user experiences with using
serious games for rehabilitation.YHence, Le f oi/viq§able 2.18 shows the mapping of
each keyword used o rewous 4 |t£ﬁ§a/ttrlbutes of motivation and usability
factors. &

%ble 2. ? Qé'éble on Quality Attributes

Keywords Author & Year
Ea& e  Effective, e@!rlenced expert, (Andrade et al., 2016; Chen et al.,

balanced, durable, easy to set up, 2013; Fernandez-Cervantes &
0 low risk, simple, easy to start, Stroutia, 2019; Fitz-walter et al.,
efficient, easy to navigate, 2017; Georgiou & Demiris, 2017,

Hoogland et al., 2019; Hughes et
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Learnability

Memorability

Satisfaction of
Usability

al., 2014; Ling et al, 2017,
Merilampi et al., 201 8;
Mubin et al, 2 mr-

Ammann et al., 20 (E)
Adaptive, cooperative, useful, (Andrade et al.,.2016; Baur et al.,
interactive, reachable, dynamic 2018; Chen et al.,”2013; Dhawan et
%ﬁz et al.,, 2018;
%.2018; Lozano-Quilis
f ietal., 2019;

, Re oret al.,
im%ugts et

,2% &y
Meaningful, variety, the, (B I., 204F; Fernandez-
complexity of Ul, ill st@}{n &(Q{]fc:utia, 2019;
detail, simultaneous\ pi eQI 2018; Mubin et
C‘) % @rahm et al., 2017;
‘% 6 coble@ mann et al., 2017;

N Aj vl@s(‘ét al., 2016)
Enjoyable, “un, fr’:;y l01$drade et al., 2016; Baur et al.,
choosing, Jpositive Iihg% 018; Fitz-walter et al., 2017;
Cco Mble, tertainilg, Gorsic et al., 2017; Hughes et al.,
&ve, T;’;;dly, ble 2014; Idriss et al., 2017; Jonsdottir
:}:' S et al., 2018; Ling et al., 2017;
b) §J Lozano-Quilis et al., 2014;
s ; Merilampi et al., 2017, 2018,
S’ 2019; Novak et al., 2014; Tobler-

Ammann et al., 2017)
Attention, interesting, real, (Brox et al., 2017; Chen et al.,

movement, feasible, learning, al., 2019;

understandable, engaging Jerci¢

evidently catching, immersive, 2013; Georgiou & Demiris, 2017;
focus Idriss et al., 2017; Ling et al.,




2017; Merilampi et al., 2017,

2019; Mubin et al., 2019; &

Zary, 2019) \
Relevance Validity, reliable, presence, (Dhawanetal.,2019; Goémezetal.,
home-based task, engaging 2018; Jerci¢ et al,, 2018; Pramana

etal., 2018)
Confidence Exercise intensity, fast, (Andrad Nm; Gorsic et al.,
nd et al., 2019; Idriss

reward, digital reward, quick, et X W al., 2019,
dexterity 20; Novak et al,, 2014; Prahm et

N
17; Pra a'eu‘él?, 2018;
goet\tﬂ., ; V\L@Fann etal.,
T

20
Satisfaction of Motivating, @, ( al., eﬁg Brox et al.,
Motivation excitment, reducing ietw he ., 2013; Dhawan et
self-assessment, &@k ;1‘ 2019x, Gorsi¢ et al., 2017;

é o gh@[ al., 2014; Idriss et al.,

\ AJZO{E. onsdottir et al., 2018; Ling

Y' 'bj : ?.,2017; Merilampi et al., 2017,
018; Mubin et al., 2019, 2020;

Novak et al., 2014; Pramana et al.,

2018; Rego et al., 2017; Tan &
Zary, 2019; Vugts et al., 2016)

challenging, competitive, 2017;

“

b
m eight (8) quality attributes in user experience factors through motivation
and M from this research. Ease of use in usability factor explains on the efficiency
s;' u

s games to help users feel at ease while using and playing the games for

Qitaﬂon. The keywords highlighted in recent studies are showing the importance on

developing the low risk, simple and easy to set up, navigate and start serious games. Since
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serious games are developed to be one of the platforms for assistive technology in
rehabilitation, ease of use is a must-have attribute to assist persons with d@ to
undergo exercises and therapies. (')

Next, learnability and memorability attributes are focusing n-%ng ease in
learning and memorizing to users. As rehabilitation exercises arg, repeated and tedious
therapies, persons with disabilities require an adaptive, 'nt&fﬁe, and meaningful
serious games to undergo the sessions according to IouS ese%isfaction IS
another usability attributes that brings freedom and pleasant fegling o,va?aXérsons

with disabilities who played serious games for rehabilitation. Enjoyable, funrand feeling
Y/

rs. ?T
act@&e focusing on the

g@is the first motivation
- - - \ - -
attribute that stresses on percept ers While ayin ous games. Immersive is

one of the keywords in attent% sh e mpo@e of getting involved in real-
life experiences to stay% . Ne?‘( b%@nd confidence attributes which

depending on one an Rele@ ased%&éoal orientation and motive matching
&/

meanwhile confid isgr ur‘1 fon&)@ion, reward, and challenges.

%in releva e"@portam while playing serious games for
rehabili@ersong WIZﬂ/sabiQ{es are facing competitive and challenging games
to achi% ards. Hence, the vﬁy and engaging serious games helped them to raise
co% through exercise intensity, challenges and reward offered. The last attribute

@ research is satisfaction in achievement and self-expressions. Motivating is the

comfortable are the keywords highlighted by,h(r,gnt

On the other hand, quality attrib sq@1 motivati

continuity of persons with disabilit@otiva \A en

Goal ori

most highlighted keyword in the previous research to emphasize the importance of
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motivation in developing serious games for rehabilitation. Thus, it brings positive

feedback and excitement to users’ experiences. \Q

A conceptual framework helps in clarifying the research questiwd objectives and

2.6 Conceptual Framework

fulfilling the role of providing theoretical clarification for to have a clear vision
(Leshem et al., 2007). Hence, Figure 2.10 shows an interprétation f:T’N‘a@m‘d objective

of the research which is to determine the relation een user, p‘rl factors
. N X d : ; .
and serious games for rehabilitation that lead to twd'a of-a congeptual ework. It is

the continuity of the research hypothesis in Wl. W S
\c') K
% A\ T \& Attention
o V)

7]
¥ &
, 4 Relevance

bj l 0 Motivation
: " % Confidence
l \ ;0 Mediator
& Satisfaction
H1

Ease of Use

\

D000

Learnability Usability

Memorability

00g

Satisfaction

2k
W%
&
(,q/‘:lh

2.11: Relationstﬁ‘ﬁ}between Usability and Motivation Factors

Yy,

Figure 2.11 shows the conceptual framework where usability act as the

l

dependent variable for this research. According to the relationships in the research
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hypothesis subsection, there are three (3) main hypotheses that need to be discussed: (1)
The relationship of motivation factor towards user experience in serious ga@l’ he
relationship of usability factor towards user experience in serious ga g@ (3) The
relationship between usability factor as the dependent variable towards user experience

in serious games as the independent variable through motivationfac he mediator.

' szolving one-to-one
n ewd,the third
@

hypothesis is involving the motivation factor as the médiator to discovepthe e of the

A

intervention of motivation in usability towards user‘experienee‘in riousqgames. The
N
s\motiva ton factor which

aé‘ﬂ.lB show how the

For the first and second hypotheses, the relations

relationships where there is no intervention of other fa

attributes of usability factor are depending% ib%{

resulted from the relationship with user@ce. Fig

relationship are drawn.

UXin
Serious
Games

94



Mediator

Motivation

H3

Usability Serious

H2 Y'
DV ‘\d v
® \T
| S
Figure 2.13: H3 Relationshi etweeg, a IVY~
\ N
X
The relationship Figures in 2.@13 Q‘ 9 era%gfrom the idea of
conceptual framework in Figure 2.:& whi T reé. hypotheses. With the
information from Figure 2.13, it% atfthe relationshi \n the third hypothesis is
&/
using mediator analysis. Hence,mana' i ach @othesis from this research is

discussed in the next cha%z

2 s
NS &

4

healthy. As,time’ changes, there are_lots of games invented in the gamification field for

2.7 Summary N
C\ Y $
Assistive tec is ‘9 of}h im (tént tools for persons with disabilities to stay

(.)
thi$ion which are immer\swe, educating, and enjoyable. The immersive games

Q n as serious games. Serious games are commonly used in physical rehabilitation

y processes and become one of the assistive technology platforms in the research

area as the games are more advanced in terms of game development. Hence, serious
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games become a world wide medium used in assistive technology that benefit people
around the world. \Y~
User experience is an essential field of study to ensure the &gnship of
emotions and behaviours in users in continuing. As user experignce is a study to
emphasize users’ feelings in terms of quality, context, and relationship with other people,
it is important to highlight the effect of using serious ga esvhabilitation. In this
research, there are two user experience factors that the r erisf Jsin n. Usability
is a quality factor that measures the extent of simplicitysthat affect the 7iv5€§ﬁccess
in a system and preferences meanwhile motivation to motivation is\/ aéﬁmproving

\mal aigq tes in persons

factor to enhance motivation to learn and de% g

with disabilities who undergo rehabilita@ &

Usability and motivation fa@sconsis t @Hibutes that have been

N
discussed in the chapter and the aitributes a@; ea uze.;;@arnability, memorability,

satisfaction in usability, atten%?eva] , confiden ~énd satisfaction in motivation.
e

N

In this chapter, further %I n on“ YW, r‘dgﬁ in previous research has been

conducted. Some tabl Mexplalinl\fhe pre\@é research with keywords that refer to

&
user experience y'ng? 'ga(‘mggfor rehabilitation. The mapping table on
@
4

att{b_ute is also been discussed in the subsection.

classifying th rds into
Hence, th Wjecti\%e ‘ﬂ"\gfjtify%%\ﬁbutes in user experience through usability and
.\H o)
motiva‘lo\

tors has been achieved.
e following subsection is discussed on conceptual framework focusing on the

esearch hypotheses. The discussion explained on variables and future analysis in chapter

3. The dependent and independent variables are based on the mediator analysis and the
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usability factor has become the dependent variable using the motivation factor as a
mediator towards user experience in serious games as the independent variak%us, at

the end of the chapter, researchers have found that usability and motis&@actors in
rio

user experience that affect persons with disabilities who playedii us games for

rehabilitation. V



