
The Use of Interactive Game Technology to

Improve the Physical Health of the Elderly:

A Serious Game Approach to Reduce the

Risk of Falling in Older People

A thesis submitted by Jaime A. Garcia Marin

in ful�lment of the requirements for the award of the degree

Doctor of Philosophy

in Software Engineering and Information Systems

Faculty of Engineering and Information Technology

University of Technology, Sydney

July 2015



c⃝ Copyright Jaime Andres Garcia Marin, July 2015.

All Rights Reserved



Certi�cate of Original Authorship

I certify that the work in this thesis has not previously been submitted for a degree nor has it

been submitted as part of requirements for a degree except as fully acknowledged within the text.

I also certify that the thesis has been written by me. Any help that I have received in my research

work and the preparation of the thesis itself has been acknowledged. In addition, I certify that all

information sources and literature used are indicated in the thesis.

J�a�i�m�e A. G�a�r��c�i�a� M.

i





Acknowledgement

I would like to express my sincere gratitude to my supervisor Dr Karla Felix Navarro, who has

been a tremendous mentor to me. I would like to thank her for her e�orts, guidance and support

throughout my candidature, not only as research advisor but as a good friend. Thanks for always

being there for me when I needed you and for the uncountable hours of laughter.

Also, I would like to express my special appreciation and thanks to my former supervisor

Associate Professor Elaine Lawrence, an inspirational woman who touched so many hearts, but

sadly passed away in October 2011. Elaine was a brave leader who always fought for what she

believed fair. I would like to dedicate this work to Elaine, a beautiful human being to whom I

always be grateful and will not ever forget.

I would also like to thank Associate Professor Yusuf Pisan and Dr Chek Tien Tan for serving

as my co-supervisors. I want to thank them for their brilliant comments and suggestions and for

being patient and critical about my work.

I would especially like to thank Doctor-to-be Daniel Schoene, our brilliant research partner from

the University of New South Wales, who always supported us and assisted us with his invaluable

advice in the clinical domain. I would also like to thank Professor Stephen Lord, Dr Kim Delbaere,

Dr Stuart Smith, researchers from the Falls and Balance Research Group at Neuroscience Research

Australia. Thanks for providing the project with the necessary clinical resources and supporting

us in the recruitment of participants for this study.

Exceptional thanks to Professor Doan Hoang, Head of School, Computing & Communications;

Professor Mary-Anne Williams, Associate Dean in the Faculty of Engineering and Information

Technology and Professor Massimo Picardi, Professor of Computer Systems with the Faculty of

Engineering and Information Technology. Thanks to them, who generously funded my candidature

and provided the �nancial resources for the completion of this project. This research work would

not have been possible without their assistance.

Special thanks to the Manager of the Mirrabooka Retirement Village, the Manager of the

Woollahra Retirement Village and the Head of the Woollahra Village Committee for organising

the recruitment of participants and facilitating the necessary resources for the execution of this

iii



study.

I would like to express my gratitude to all my study participants for their exceptional contributions

to the project and their patience during the lengthy assessments. Without them, this study could

have never been accomplished.

Special thanks to my colleagues of the iNext research group at the Faculty of Engineering and

Information Technology at UTS for their contributions and constant support.

I would especially like to thank Mark Ratcli� from BMR Corporate Solutions, my boss and

friend who has always believed in me and from whom I learned that the work-life could be so much

fun. Since we crossed paths in 2010, Mark has always looked after me and taught me that mistakes

can be converted into lessons, pressure into productivity and skills into strengths. Thanks, Mate!.

A special thanks to my family. There are no words to express how grateful I am to my nurturing

mother Maria Amparo, my persevering father Jaime Humberto and my wonderful sister Angela

Maria for all of the sacri�ces they have always made on my behalf. Although, life has kept us

geographically distant in the past years, our hearts have always been and will continue to be

together caring for each other.

Special thanks to my aunt Ana Milena, my uncle-in-law Jose Diego, my cousin Juan Felipe,

my uncle Diego Fernando, my aunt Blanca Mery, my uncle-in-law Elber and the rest of my family

members and close family friends who have always supported in all my endeavours. Also I would

like to thank a beautiful family that I had the fortune to meet upon my arrival in Australia

and to whom I now consider my own family, the Caicedo-Valencia's: Gustavo, Maritza, Daniel and

Manuela. Also a special mention to Ms Erika Villanueva, Ms Paola Suarez, the Montoya-Giraldo's,

the Londoño-Jekey's and the Ardila-Hurtado's. Thank you, all for the words of encouragement

and the moments of joy and happiness.

I would also like to thank all of my supportive friends from Colombia, Canada and Australia,

who encouraged me to keep on going even in hard times.

Finally, this list would not be complete without expressing the most wholehearted gratitude to

my beloved and unconditional Vicky. Thanks for your unending love, encouragement and support.

You have always been there in the di�cult times, in the moments of sadness and the moments

of joy and happiness. Thanks for always having the remedies to all my ailments and solutions

to all my problems. Thanks for keeping me focus and for your unending words of wisdom and

encouragement. Not only now, but also in the years to come.

iv



Abstract

The elderly population is growing dramatically both in Australia and globally. With age, the human

body undergoes a series of changes that can lead to decline in mental and physical health. Decline

in motor functions increases the risk of developing health problems such as postural instability,

balance disorders or simply having a fall. Falling is the main cause of disability and fatality among

the elderly. Statistics show that one in three older adults might experience a fall every year. This

could be prevented with regular exercise. Exercises with a walking component have proven to

reduce falls by 40%. However, compliance with physical activity is often poor due to the mode

of delivery, which is often unattractive. One approach that might help alleviate this is the use

of commercial video games to engage the elderly in physical exercise. However, this practice may

have undesirable results as such games are not designed to provide therapeutic support for the

elderly but instead to entertain a much younger audience.

This thesis aims to solve the above problem through the use of interactive game technology

by testing that optimal results for the health of the elderly come from the combination of three

elements:

• the integration of a formal method to assess progress towards and the achievement of the

desired health outcomes,

• inclusion of meaningful tasks aligned with the speci�c health objectives

• an appropriate game design through the use of user-centred design methodologies.

Firstly, literature in the area of video games with health purposes for the elderly is reviewed

to develop a clear understanding of the health issues and the research opportunities in the area.

Secondly, a series of game prototypes is built and tested to investigate whether o�-the-shelf game

technology can be used to reliably perform a clinical test for fall risk assessment. Then a game

is developed that aims to reduce the risk of falling by training a set of speci�c cognitive and

physical functions that have been shown to be associated with falling. This prototype, known as

the StepKinnection game, integrates the concept of an appropriate game design for the elderly,

inclusion of meaningful tasks and the collection of stepping performance data. Thirdly, a series
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of studies on independent-living people aged 65 years and over are conducted. These studies

con�rmed the ability to reliably perform a clinical test using o�-the-shelf game technology, the

acceptance and ease of use of the StepKinnection game, and the potential of StepKinnection to

reduce the risk of falling in the elderly.

Finally, an analytical framework is developed for designing interactive games with health

purposes for the elderly. This framework aims to assist the development of games aligned to

particular health outcomes. This framework emphasises the importance of aligning the game goals

to the expected health outcomes as well as the continuous assessment of progress and e�ectiveness.
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