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Abstract— Traditional rehabilitation is a tedious task which typically reduces the patient's motivation to perform rehabilitation
exercises. Patients therefore need a program that can entice them to do rehabilitation exercises continuously. The proposed game
includes two different types of game and three different types of movement for interacting with the game. The game was designed and
developed based on the elements of a rehabilitation game and the types of movement in rehabilitation exercises. The interface was
developed with the aim of increasing the motivation of players, and the design was based on an analysis of the technology constraints
faced by post-stroke patients. Since these patients experience physical limitations, Microsoft Kinect was used for interaction in this

game. Using Kinect, the patient is not bound by the controller to interact with the gameTherefore, rehabilitation exercise games

that support multi-player will provide a higher motivation than the single-player. Since most stroke patients suffer from cognitive
impairment, cognitive challenge levels are also the key factors in the design of the game so that it does not become an obstacle for the
recovery process. This research develops a prototype of a rehabilitation exercise game that contains aspects of the social context, the
type of movement and cognitive challenges. It also provides usability in game design, according to a post-stroke stage so that they can
perform recovery activities based on their ability. In addition, this study highlights technology and rehabilitation exercise games in
Malaysia.The game also adds a social context that gives patients the opportunity to have a friend to play either by competition or
cooperation. The contribution of this research is to measure the effectiveness of Microsoft's Kinect game console and this game can
help in recovery the post-stroke patients do additional exercises at home without the supervision of therapist.

Keywords— post-stroke game; exercise game; kinect; rehabilitation game; natural user interface.

discharged from hospital have limited therapy sessions, for
[. INTRODUCTION example once a week, and the amount of exercise in therapy
sessions is insufficient [1]. To solve the problem, therapists
always prescribe rehabilitation exercises to be carried out at
ome; however, only 31% of post-stroke patients do these

Strokes are a primary reason for disability in adults over a
long period. A stroke occurs when blood flow to the brain is

disrupted due to a blood clot blocking an artery or rupture of h o . .
blood vessels. This causes brain cells to die and the braigdditional recovery exercises as prescribed [2]. Post-stroke

function to be impaired. In general, the consequences of aoatients who do not do these additional recovery exercises
stroke can lead to limitations on movement, including recover more slowly, and this makes them less motivated [3].

paralysis, abnormal movement control, loss of coordination, In recent years, computer games and _S|mulat|ons have
limb position abnormalities, loss of memory and so on become recognized as motivational tools in the process of

Physical therapy is a primary treatment for motor disorder,'COVery- Hov_vever, a serious game heeds to fl.m'l certain
and involves tensing, stretching and strengthening the"€quirements in order to be used in the rehabilitation process.

muscles. This exercise has the clear objective of maintainingThe_r_e IS ample_ ewdence_to show that virtual reallt_y has a
positive effect in recovering from a stroke. A variety of

and improving movement, preventing defects, enhancingd_ﬁ i d including | ing by imitati
muscle strength and improving coordination of movements, ffferent paradigms are used including learning by imitating
a movement, using vibration feedback, a repeated strong

in order to maximize the patient’s comfort and mobility. The . ; .
workout, mental training and so on. Virtual reality

emphasis on specific task training is important, since hnol ; q be i in the f
research has shown that stimulating practical movements€¢Nnology Is expected to be Important in the future

while achieving goals produces better success than througf‘i*.eve'c’pment of rehab|I|tat|on_program§ [4]. Motion-based
repetition alone [1]. However, studies conducted by video games allow players to interact with a system through

researchers have shown that many post-stroke patients dBOC:]y Imov?mgnt anq voice, and use motion capture
not exercise as prescribed at home. Post-stroke patientéec nology for interaction.
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A rehabilitation system can be created using a Kinect elements of a game that can be used in the development of
sensor as a console to interact with the game; this is intendegrototypes for the rehabilitation of post-stroke patients, an
to improve exercises performed by patients using a naturalanalysis has been carried out of a literature review of these
interface that allows the body to interact with free movement game elements.

[5]. Kinect is software that enables the capture, tracking and

interpretation of body movements, gestures and voice TABLE |

commands. In other words, when using the Kinect, players GAME ELEMENT ANALYSIS

do not need to use a keyboard, mouse or video gam¢

controller, which would burden patients and limit the | NO | Researcher Game Element Note
patient's movement [6]. 1 | Gazihan and|i. Objective Elements of
Factors such as social support from family members, the Caitlin [1] ii. Challenge rehabilitation
relationship between patient and therapist in a therapy iii. ~Feedback games that can
session, and changes in the responsibilities of family iv. Reward motivate a
members support the process of rehabilitation and the patient
patient’s way of life, both in the short and long term. Music | 2 | Gazihanet |i.  Audio-visual Elements of
is important in motivating the patients to do the al. [19] _ aspects rehabilitation
rehabilitation process continuously, and can increase the . Correct level games that can
recovery rate of stroke patients [7]. - Elf?;rf(l?;e(rNP Q) m;?g’r‘?tte a
The specific aims of this project were to: (1) identify the and story P

requirements o_f conventional_ rehabilita;ion_ exercises for 3 [ Timmermas li.  Correct level The effective

post-stroke patients; (2) design rehabilitation games that et al. [20] i. Meaningful tasks| basic

match conventional rehabilitation exercises; and (3) to test iii. Feedback components of

the usability and effectiveness of a rehabilitation game. iv. Correct motion | rehabilitation
The primary purpose of purchasing serious games is not range

entertainment. The use of serious games for rehabilitation is v.  Focus can be

still in the early stages, but in recent years this has become shifted

vi. Movement done
intentionally
vii. Quantitative

an active area of research. These games have been widely
adopted to assist in therapy for strokes, brain traumas, single

nerve injuries, and so on. There are also a range of therapies measurement
such as upper limb exercises, rehabilitation and restoration™ 4 [ aungetal. |i. Game duration a3 Six video
of balance in the parts of a particular limb. “Serious games [21] prescribed by a | game designs
for health” or “games for health” form a promising domain therapist that can be
of research for the health and ICT sector, and there is ii. Motivate patient | used
therefore a great deal of research on this topic. There are to do exercise | effectively for
various health-related applications which vary with the  repeatedly constraint-
different types of users, such as doctors, students, patients, li. Level induced
researchers, the public and others. Games for health can bg . grt_raéct:t:lvseetrc; tmhg\r’;mem
used _in v.arious a.pplications such as diagnostics, training, esgecially those Py
rehabilitation and fitness. over age 50

Many studies have been conducted to identify the "5 | Danieletal. [i. Clear objective | Simple design,
advantages of using serious games in recovery and therapy. [22] ii. Reward and easy to
Since game technology is cheap, readily available, and can achievement understand
be fun and entertaining for various age groups, when iii. ~Leveland
combined with conventional health care it can produce a tool ~ challenge
that can attract and encourage patients to use it effectively a$ iv. Social

environment

a serious game for rehabilitation. Serious games must mee
certain requirements for use in recovery [8]. The most
critical needs, which are not catered for in commercial
games, can involve changes to the resolution or

The results of the analysis show that some elements
should be combined and analyzed before use in the
rehabilitation game. The elements of the game that were

configuration of the system or the game, for example the h ¢ biecti fivit ks feedback
speed of the game and the calibration of the input. Thus,CNOSEN WEre a story, objective, activity, marks, teedback,
challenge, social interaction, competition or collaboration,

various aspects need to be emphasized, including ar] I 4 di d visual el ts. Intervi
appropriate level of challenge, motion analysis, motion evel, and audio and visual elements. Interviews were
ca conducted to assess whether all the elements chosen were
pture and others. . . S -

appropriate for inclusion in the rehabilitation game. The
feedback interviews were recorded and evaluated based on
the percentage of respondents who agreed or disagreed. Only
A. Game Element a majority percentage of votes received as confirmation.

IIl. MATERIAL AND METHOD

Many researchers agree that when the process ofg Technological Constraints
rehabilitation involves video game elements, the patient will

be more motivated [5][9][10][11]. In order to identify the Games for recovery post-stroke patients are very different

from those for other users, due to the limited movement of
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these players. The literature review shows that post-stroke
patients have technological, cognitive and physical
constraints. These constraints must be defined so that the
principles of interface design can be identified; otherwise,
the game will not meet the requirements and post-stroke
patients will face problems in terms of the movement
exercises.

1) Physical Constraints: The physical constraints of
post-stroke patients in terms of technology vary according to
their level of ability. Post-stroke patients may experience
physical changes such as slower response time, problems
with balance and movement, weak limbs, problems with
unbalanced posture and visual problems.

Fig. 2 Raising the shoulder

2) Cognitive Constraints Cognitive function is
decreased and the patient experiences changes in thinking.

These factors include memory problems that lead to exercise. Both hands are held and pushed forward until a
communication difficulties. Man ost-stroke patients - ) ; .
y P b stretch is felt in the back. At the same time, the patient's

experience cognitive problems, and cognitive constraints areb dvis t d to the left and right
the most important factor to consider when designing the ody 1S turned to the [eft and right.

2) The Twist:This exercise requires the patient to sit
n a chair, making sure the back is straight throughout the

interface of rehabilitation games. r ‘r ‘
COGNITIVE TECHNOLOGY PHYSICAL
CONSTRAINT <7 CONSTRAINT [ | CONSTRAINT
i Thinking process L. The problem of unbalanced
decrease body and movement

ii. Declining memory il. Weak limbs

iii. Difficulty on focusing iii. Body posture not symmetrical
iv. Response time slower
V. Visual problem Fig. 3 The twist exercise

3) Armm Lift to the Side:This exercise requires the
patient to sit on a chair, making sure the back is straight
throughout this exercise. The arm is lifted to the side as high
as possible, without exceeding shoulder height.

Fig. 1 Technological constraints

The technological constraints of post-stroke patients were
identified and assessed using structured interviews with
respondents. The feedback from the interviews was recorded
and evaluated based on the percentage of respondents who
agreed or disagreed. Only a majority percentage of votes ﬂ
received as confirmation. '

I1l. RESULT AND DISCUSSION

A. Type of Movement

Movement exercises are a focus here since the main
objective of this game is that post-stroke patients should
carry out additional movement exercises at home. Many
types of training are available, but this rehabilitation game
focuses only on the training of the arm. From the research
literature, the types of hand movement exercises that have
been chosen are as follows: There are many advantages of doing these exercises.

Researchers have found that if patients do this exercise for

1)  Lifting the shoulder:This exercise requires the an additional 20 hours, patients will experience the
patient to sit on a chair with hands by his/her side. Patientsfollowing advantages [12]:
are required to lift the shoulder to the ear. «  Strengthening weak hands

» Improving weak hand movements

e Improving the ability to use the weak arm to
perform daily activities

* Reduction in pain in the weak hand

Fig. 4 Arm lift to the side
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» Improving life satisfaction interface design. The elements highlighted in this game are
color, size and icon.
The table below shows these movement exercises 2) Interactive feedbackrThe game should be designed

converted to game activities. to provide effective feedback so that players can recognize
and identify any errors made or successes achieved. Based
TABLEII on this feedback, players can improve their actions, and this

REHABILITATION GAVE can help players obtain a better understanding of the game.

There are several types of feedback; in this game, visual and

Rehabilitation

No | Type of movement game Remark audio feedback are used.
1 | Twist combined Butterfly The player needs to 3) Encouraging explorationGames need to motivate
with shoulder lift | catcher Crf‘mhf"‘b““erﬂy using players to explore and understand the capabilities of the
;n%tﬁvésgdn;?gean\jsigt’the game. In this way, players will become more proficient at
obstacle using the controlling the characters in the game and avoiding various
shoulder lift obstacles, and will become more familiar with the game.
Indirectly, post-stroke patients will be doing repeated
1 | Armliftto the side | Ping pong The player needs td rehabilitation exercises.
move the controller 4)  Feeling of successPlayers should be rewarded in
by doing arm lift side order to motivate players to play continuously and master

movement

the game. These rewards act as an incentive to the player
encourage them to play the game again after successfully

B. Principle of Interface Design achieving the goal, in order to get more rewards.

The technology constraints of post-stroke patients C, Games Element
identified by respondents were assessed using structured e glements of the rehabilitation game were identified

interviews. The feedback from the interviews was recorded , |+ - ccossed by respondents as being suitable for post-stroke
and evaluated based on the percentage of respondents ng

. . .patients. Respondents were given a description of the
agreed or disagreed, in the form of a percentage as shown i urpose of the interview. They were then asked to give
the table below.

feedback on whether or not the elements were appropriate

TABLE Ill for use in a rehabilitation game. Feedback from the
FEEDBACK FROM TECHNOLOGY CONSTRAINTS INTERVIEWS interviews was recorded in the form of a percentage, as
A oi shown in the table below.
Constraint Problem gree Isagree
¢6) (%) TABLE IV
Cognitive I Reduction in thinking 100 0 FEEDBACK FROM GAME ELEMENTS INTERVIEWS
process 100 0
ii. Declining memory 100 0 ]
iii. Difficulty in focusing No Game Element Agree(%) Disagree(%)
Physical i. Problems with 100 0
unbalanced body and 1 Stbo_ry - 40 60
movement 100 0 2| Objective 100 0
ii. Weak limbs 100 0 3 | Activity 100 0
iii. Asymmetrical body 4 | Marks 100 0
posture 100 0 5 Feedback 100 0
iv. Slower response time 100 0 6 | Challenge 80 20
v. Visual problems 7 Social interaction:
Competition 50 50
Collaboration 50 50
. 8 Level 100 0
0
Based on the results, all respondents agreed 100% With—9—Audio and visual elements 100 0

the technology constraints of post-stroke patients. This
enables the process to identify the principles of interface The results of these interviews show that all the elements
design needed to make the rehabilitation game easier. of the recovery game obtained agreement from the majority
~In order to constantly motivate the player of the game, of respondents, except the elements of competition and
five basic principles of design are required, which were cooperation which scored the same percentage, and the

identified through an analysis of games designed for glement of the story which scored only 20%. Respondents
entertainment [13]. These are a story, ease of use, interactivgjj not like the story element, asthe time constraint, and

feedback, encouraging exploration and a feeling of successyyere more interested in mini-games. Since the elements of

However, since the respondents did not agree with the ston:ompetition and cooperation elements scored the same

elements in this game, four basic principles can be applied inpercentage, the post-stroke rehabilitation game will provide

this rehabilitation game. players with a choice to play in a competitive or
1) Ease of use:The interface allows players to Collaborative setting. Figure 2 shows the elements of the

communicate and explore the game, and its design must béehabilitation game as confirmed by the respondents.

easy to understand. The focus of the player is to reach the

goal of the game rather than to learn to understand the
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Gt .
GAME ELEMENT e Py .

OF ; | Gerakan The Twist ke kanan
REHABILITATION | | Audio and
Level |& GAME Visual

v

‘ Social Interaction ‘

h‘—\l/

‘ Competitive ‘ ‘ Collaborative ‘

Fig. 5 Elements of the rehabilitation game

1) Objective The objective of the rehabilitation game
is to increase the motivation of the post-stroke patients so

that they always strive to achieve the goals set for them. 3) Marks: The marks element is a tool for measuring

Indirectly, these patients carry out many movements whenthe progress and performance of the players in the
their focus is on achieving the goal of the game. Goal settingrehabilitation game. This element gives feedback on the
should be commensurate with the ability of post-stroke progress of post-stroke patients in the rehabilitation game.
patients. This element can also improve the motivation of post-stroke
patients to keep playing, tempting them to become more
successful by achieving a higher score.

Fig. 7 Activity of the game

|
j

Pemain dikehendaki menangkap
sebanyak mana rama-rama yang
boleh mengikut masa vyang
ditetapkan yang berada di tepi
dengan menggerakkan perangkap
ke kiri dan ke kanan dan
menjualnya di bandar. Hasil jualan
ramarama tersebut  adalah -.\*
ganjaran kepada pemain.

PEMAIN 1

Fig. 8 Marks element of the game

Fig. 6 Objective of the game 4)  Feedback: Feedback allows players to determine
. . . their progress and the impact of the action taken. There are
2)  Activity: The activity element of the games involves 5 types of feedback: positive and negative. Feedback

movement of certain parts of the body, and should bepa hs"5 player to become more active in the recovery process
compatible with rehabilitation exercises that patients do with ;4 assists players in improving movements.

a therapist. This element should also be easy for the player
to apply in daily life. Activities should be more interesting r @ N A e
and relate to the environment, and players should experience ”'“!’ ' b}
the game as a source of motivation to recover. If players feel :
good, the rehabilitation game has more impact meaning they
become more active.

The character as a
guidance of player

Fig. 9 Feedback in the game
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5)

Challenge:The element of challenge should not be who enjoy a more relaxed game; over time, it can build a

overlooked in the recovery game, since this is one of therelationship between players.

objectives of the development of the game. The challenges
that are appropriate for the post-stroke patients are slightly
tough since they have difficulty in making large movements.

The recovery process is achieved if they successfully
complete the challenge of the game. This element can be
motivational when players feel challenged both by the

system and by other players; completing the challenge
provides satisfaction to the player.

MELLAIRL -

Metal, one of
the challenges

KOMPUTER

BANTVAN

KOMPUTER

PEMAIN 2

PEMAIN 1

Fig. 12 Collaborative element of the game

7 Level: The level of difficulty of the rehabilitation

PEMAIN 1

Fig. 10A challenge in the game

6)  Social interactionSocial interaction forms a bridge
between players to enable socializing with friends and
family members. This element creates opportunities for post-
stroke patients to play continuously, since it reduces
loneliness and allows a friend to play the game. Indirectly,
post-stroke patients will carry out any repetitive motion
exercises without being aware of it. This also can eliminate a
lack of confidence, and patients will enjoy playing the game.

a. Competition:This element is another way to motivate
players to play the game continuously, and is suitable for
individuals who like to compete with an opponent. Players
have two objectives: a focus on the goal of the game, and
beating an opponent.

PEMAIN 2

BANTUAN

P2_—5]
P1 mzmi
-

=

PEMAIN 1

Fig. 11 Competitive element of the game

b. Collaboration: This is an element that makes the

game should be suitable for the ability of post-stroke patients,
since their movements are limited. The higher the level
difficulty achieved by post-stroke patients, the more
progress made in their movement training. There are three
levels of difficulty in the rehabilitation game: easy, medium

and hard.

PEMAIN 2

The marks that player
need to achieve is less,
and the size of ball and
controller is big

CEMAIN 7

Fig. 13 Easy level

PEMAIN 2

The marks that player
nead to achieve is more,
and the size of ball and
controller is small

Fig. 14 Hardevel

8)  Audio and visual elementSound and graphics are

rehabilitation game more sociable, and is suitable for playersimportant in any type of game, including for rehabilitation.

1659

This is an interesting element for players, and can keep the



focus on playing and create an immersive feel for the player.
An interesting and clear display also makes the player feel

more comfortable, and creates enjoyment when playing the

rehabilitation game.

D. Prototype Testing

The objective of prototype testing is to ensure the

effectiveness of the rehabilitation game. The test methods

8 Do the respondents feel relaxed None
while performing tasks in this
game?

9 Do respondents enjoy playing None
this game?

10 | Is this game easy to use? None

IV. CONCLUSION

used evaluation through observation and interviews with the The prototype game was developed based on the four

respondents to verify the game. A set of interview questionsaspects of technology constraints,

type of exercise

were used to obtain feedback from respondents about thénovement, the principles of interface design and the game
prototype post-stroke rehabilitation game. The objective of elements, and was tested by post-stroke patients and family
the interview was explained to each respondent beforemembers. These users also provided some suggestions for

commencing the interview.

TABLE V

FEEDBACK FROM RESPONDENTS ON THE PROTOTYPE

improvement. There are certain weaknesses of this research,
which need to be addressed in future. Overall, this research
has managed to achieve the objectives, based on the scope of
the research, that were set at the early stages of research.
Suggestions for further research to be conducted in the
future include the following:

i. The addition of more rehabilitation movement
exercises. In this rehabilitation game, only three types of
movement are used for interaction. To enable the
rehabilitation game to be used more broadly by post-stroke

No Question ?J%ee D'?;gree

1 Is the background color suitable for the 80 20
game?

2 Do the color and size of the worgds 100 0
make the text easy to read?

3 Do the design, color and size of the 100 0
icons make them easy to understand?

4 Is the theme color of the game suitable 80 20
for recovery?

5 Is the design arrangement of the game 100 0
suitable?

6 Is the feedback of the game helpful? 100 0

7 Are the instructions of the game 100 0
helpful?

8 Do the respondents feel relaxed whijle 100 0
performing tasks in this game?

9 Do respondents enjoy playing this 100 0
game?

10 | Is this game easy to use? 100 0

Based on the evaluation using observation and interviews,
the majority of respondents agreed with the elements of the
game, interface design and the type of game and movement®!
used in the recovery and suggested some improvements.

patients, future work need to add more types of movement,
for example body and leg exercises.

ii.
this rehabilitation game, a two-dimensional (2D) element is
used as the interface design. The use of a 3D display will
increase the interest and create more motivation to play the
rehabilitation game.

The use of three dimensional (3D) movement. In
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